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any rights or permission to manufacture, use, or sell any patented invention
that may in any way be related thereto.

This report is releasable to the National Technical Information Service
(NTIS). At NTIS, it will be available to the general public, including
foreign nations.

This technical report has been reviewed and 1is approved for publica-

4

. COUTURIER, Project Engineer
VLSI Branch VLSI Brardch
Microelectronics Division Microelectronics Division

tion.

Microelefttronics Division
S. S. Electronics Directorate

If your address has changed, if you wish to be removed from our mailing
list, or if the addressee is no longer employed by your organization please
notify WL/ELEL , WPAFB, OH 45433-7319 to help us maintain a current
mailing list.

Copies of this report should not be returned unless return is required by
security considerations, contractual obligations, or notice on a specific
document.




_

REPORT DOCUMENTATION PAGE o .08

i
i

13

Public reporting burden for this cotlection of mfomum 15 esumated 10 average 1 hour per response mdudlng the time for reviewing instructions, searching existing data sources, ¢

thering and
ghmon of information, including 1103 107 reducing this burden. 10 Washington m»muanm Semms Directorate tor information Operations and Reports, 1215 Jetterson
Davis Mighway, Suite 1204, Arlington, VA 22202-4302. and t0 the Office of Management and Budget. Paperwork Reduction Project (0704-0188), Washington, DC 20503.

[T, AGENCY USE ONLY (Leave biank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
I FEB 1994 FINAL 01/01/93--01/01/94
fa rgl.s AND SUBTITL ) FUNDING NUMBERS

. 11. SUPPLEMENTARY NOTES

3 12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

ABSTRACT (Maximum 200 words,

g the data needed. and and reviewing the collection of infor n?ardmg this burden estimate o any other aspect of this

FELLOWS, LARRY GILG, CINDY MURPHY, CHAD
NODDINGS,GREG PITTS,CLAUDE RATHMELL, CHARLES SPOONER

’ HASE I ©'F33615-93-C-1213 3
!PE 62708 j

PR 9316 i

e AUTROR(S) TA 02 ;

R , MARSHALL ANDREWS,DAVID CAREY,MARY MARTHA jwu 10 :
h 4

4

7 PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) ;8. PERFORMING ORGANIZATION

REPORT NUMBER
MICROELECTRONICS & COMPUTER TECHNOLOGY CORP.
3500 W. BALCONES CENTER DR.

i
:
AUSTIN TX 78759 4

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
SOLID STATE ELECTRONICS DIRECTORATE AGENCY REPORT NUMBER
WRIGHT LABORATORY WL-TR-94-5008

AIR FORCE MATERIEL COMMAND
WRIGHT PATTERSON AFB OH 45433-7331 ;

e e

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS
UNLIMITED. E

LR e T sy Ter T Ty T o

This report descmbes the results of Phase I of the Infrastructure for KGD program |
at MCC. The objective of the work is to resolve the issues for supplying and :
procuring Known Good Die (KGD) in a way that fosters industry acceptance and :
confidence in Application Specific Electronic Modules (ASEMs for military systems)
and MultiChip Modules (MCMs for commercial systems).

This report is divided into four sections. Section I describes the technical
assessment of proposed industry approaches to KGD implementation. !

Section II of the report contains an outline for the plan for industry and government
cooperation for the demonstratwn, validation, and implementation of KGD i
methodologies identified in this Phase I study. 1

Section III of the report contains the industry-generated requirements for KGD ;
implementation.

Section IV of the report contains the KGD specifications for TAB and flip chip ICs.

1.

SUBJECT TERMS 15. NUMBER OF PAGES

320

Known Good Die, Test, Burn-in, KGD Technology Technology 16 PRICE CODE

Assessment Guidelines

‘17 SECURITY CLASSIFICATION [ 18. SECURITY CLASSIFICATION [ 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
: OF REPORT OF THIS PAGE OF ABSTRACT |
5L UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Precnibed by ANSI Std. 239-18
i 298-102




Infrastructure for Known Good Die (KGD)
Phase | Report

This report describes the work done in Phase I of the Infrastructure for KGD program at MCC. The work is
being funded through an ARPA contract (F33615-93-C-1213). The objective of the work is to resolve the issues
for supplying and procuring Known Good Die (KGD) in a way that fosters industry acceptance and confidence in
Application Specific Electronic Modules (ASEMs for military systems) and MultiChip Modules (MCMs for
commercial systems).

The bulk of the Phase I work has been accomplished by a task group of industry volunteers from semiconduc-
tor manufacturers, ASEM foundries, MCM assemblers and users and equipment suppliers. The task group has
met six times in the first half of 1993 to develop TAB and Flip Chip addenda to the KGD Procurement Specifica-
tion’ , and to develop The Technology Assessment Guidelines for Method, Materials and Equipment Necessary to
Prepare and Ship Semiconductor Devices as Fully Warranted Bare Die Product? which is being used in this
program to evaluate technology being used or proposed to assure known good die. The six task group meetings
have been attended by 81 different persons representing 37 different companies for a total attendance of 187
persons. In addition, a KGD supplier forum was held in Austin in May 1993, which was attended by 85 industry
representatives. At the forum, 14 suppliers of bare dic test, burn-in, pack and ship or inspection equipment made
presentations about their KGD approach.

This report is divided into four sections which correspond to the four major tasks included in the contract
statement of work. Section I describes the results of SOW paragraph 4.1.3, to identify and evaluate proposed
industry approaches to KGD implementation. A survey form was sent to 26 companies that were identified by
industry sources as developing test and/or burn-in technology for producing KGD. The survey was followed up
with a phone call to each of the companies. The initial survey results indicated that 16 KGD technologies were
being actively developed for test and burn-in of bare die or minimally packaged die. The companies plan to make
the technology available to the industry through licensing, direct sales, or providing test and burn-in service.

Since the original survey, we have identified eight additional methods being developed for test and burn-in
technology for KGD. Section I of the report details the technologies being developed by each of the companies
and provides the results of the technical assessment, readiness review and costs.

Section II of the report contains an outline for the plan for industry and government cooperation for the
demonstration, validation, and implementation of KGD methodologies identified in this Phase I study. This is
paragraph 4.1.4 of the contact SOW.

Section III of the report describes the results of SOW paragraph 4.1.2, to compile and prioritize industry
requirements for KGD implementation. The work completed for this task is contained in Revision 3.0 of The
Technology Assessment Guidelines for Method, Materials and Equipment Necessary to Prepare and Ship Semi-
conductor Devices as Fully Warranted Bare Die Product.? This document is contained in its entirety in Section
HI, including test methods with descriptions of how to test each requirement.

Section IV of the report contains the results of the SOW paragraph 4.1.1, to complete the KGD specifications
to encompass die for TAB and flip chip bonding applications. This work is complete and the specifications have
been submitted to JEDEC J-13 subcommittee on TAB as addenda to the original wirebond KGD procurement

spec.?

1 Standard for Known Good Die (KGD), submitted to JEDEC by MCC/Sematech task team in September, 1992.
2Referred 1o in this document as Technology Assessment Guidelines or TAG.
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1.0 Executive Summary

The bulk of the work done in phase I has been an

Table 2. Technical Assessment Summary

assessment of the KGD Assurance Technologies that are Company Assessed | Readiness Contact
being proposed in industry for single die test and burn-in, TAG Score Method
and that take advantage of the existing packaged part test [ Acsist Assoc. 169 Conceptual Temp contact
and bum-in methods, equipment and strategies. The Aehr Test Sys. 173 Alpha Test Temp contact
assessment was based on the KGD Technology Assess- California 159 | In development | Temp contact
ment Guidelines (TAG) developed by the task group Contacts
composed of industry representatives. The TAG is Chip Supply 153 Inproduction | Soft connect
contained in Section III of this report. Eimo Semi. 4 Toproduction | Soft connect
Fresh Quest 165 Alpha Test Temp contact
GE 150 | AlphaTest Soft connect
Table 1: Technical Assessment Overview Hughes TRB 141 | Indevelopment | Minimal Pkg
Company Survey| Desc | Flow | TAG IBM (R3) 163 Inproduction | Soft connect
Rec’d | Prov’d | Desc. |Scored| {IBM (dendrites)| 165 In development | Temp contact
3M v Micron Softool 144 Inproduction | Soft connect
Acsist Associates, Inc v v v | ¥ | [MiconKGD+ | 171 | AlphaTest Temp contact
Achr Test Systems v v v v MCC 163 In development | Temp contact
Amp, Inc. v MCNC 162 | Indevelopment | Soft connect
Califomia Contacts vV 1V 1Y | [Noem 144 | Tndevelopment | Minimal Pkg
Chip Supply v v v v Telecom
Technology Corp v PackardHughes| 169 | Indevelopment | Temp contact
[Elmo Semi Corp : V|V | Y | Y | [Plastoncs 153 | AlphaTest | Temp contact
Fresh QM Corporation v v v v Qualhi 170 In development | Temp contact
[IB“Is[hTRSA)Km Co. (TRB) ; : : : Sandia 161 In development | Temp contact
[IB M @endries) v v ” v, TIIMMS 173 Alpha Test Temp contact
[Mic“’ SMT v " ” v Tnbot'eclf 171 In development | Temp contact
lMi cron Semi (Softool) " v v v Yamaichi 173 Indevelopment | Temp contact
an Semi (RGD™) v v v v To begin the assessment, a survey of industry
MCC v | v |[v |[v ] . , ;
MCNG v v, v, | identified companies that were flevelopmg technongy for
- test and burn-in of bare (or minimally packaged) die.
Modular Automation v Table 1 lists the companies that responded to the
panies that respon survey.
lnCHIP Inc. - v The survey was sent to domestic suppliers only. A non-
INitto Denko America v proprietary description of technologies was developed for
[Northern Telecom v | ¥ | ¥ | thecompaniesindicated, including a process flow — how
[Packard Hughes v v vV | ¥ | toassemble and disassemble die for test and bum-in, and
ics v v v how each technology fared in a comparison with the
Qualhi v v vV | ¥ | Technology Assessment Guidelines (TAG). The full
T1/Micro Module Systems | v/ v ¥V | ¥ | descriptions of the various selected technologies assessed
ia Labs v v v are contained in subsection 6.0 of this report.
Stanford University v Table 2 summarizes the technical assessment for
Tessera Associates v v v | ¥ | threeimportant parameters for the technologies under
Tribotech v v v | ¥ | development. The Assessed TAG Score was derived from
Yamaichi v v | ¥ | Revision2.5 of the KGD Technology Assessment Guide-




lines developed by the task group. The TAG subcommit-
tee of the task group assigned weights to each “rule” in
the guidelines and the MCC technical staff judged
whether the proposed technology could meet the guide-
line. If it was judged capable, the assigned weight was
added to the score. The combined total is the Assessed
TAG Score. Meeting all TAG rules, including test and
burn-in parameters, accommodation of peripheral and
array pads, bumped die as well as bare Al pads, earns a
score of 175.

The readiness was determined through conversations,
visits and, in some cases, nondisclosure agreements with
suppliers. Only four technologies are in production today;
the IBM R3 approach, which has been fully qualified
through the “box” level by IBM, two temporary
wirebond methods, Micron Softool and Elmo Semicon-
ductor rerouted pad and wirebond approach, and Chip
Supply SofTab, each of which has been qualified through
some level of production.

Temporary contact probing is the dominant technol-
ogy being pursued, and is the most capable of meeting the
TAG rules. However, the problems associated with
penetration of native oxides, probe to probe compliance
and alignment have not been solved and there is not a
consensus single best technology for making temporary
probe contact to aluminum pads on bare die today.

Cost Modeling Resuits

A Monte Carlo simulation model was developed for
examining the cost of KGD relatir = to packaged parts,
focussing on highlighting the dominant cost drivers. Cost of
KGD and packaged devices which go through test and bum-
in are studied in the modeling effort by varying these key
drivers and examining their sensitivities.

The model is capable of manipulating IC fab parameters
(e.g., defect density, sort coverage, etc.), as well as packaging,
test and bum-in costs. The phase I approach has focused on
simulation modeling because the KGD technologies are not
yet mature enough to proceed with a reliable cost of owner-

Table 3. Generic Die Type
Case | Type ~Size 0
1 ASIC 15 mm on each side 400 /O
2 CPU 10 mm on each side 200/0
3 “DSP 7.2x 5.9 mm 7470
4 DRAM 6.2x2.9 mm ~ 38170 |

The KGD cost model encompasses the entire KGD
process, rather than isolated steps, using current industry
accepted methods for test and bum-in. In developing the
model, inputs were received from Sematech (wafer fab cost
models, test inputs), Intel (burn-in cost model), Motorola
(burn-in and test inputs), and IBM (process flow definition,
cost model verification). Outputs are expressed as cost ratios
of an equivalent conventionally packaged die.

Several generic device types that capture a wide range of
key technology requirements were used to evaluate the cost
impact of different KGD technologies in the modeling effort
(See Table 3). Plastic and ceramic packaging for these die
types were assumed in forming a comparative cost analysis
between bare and packaged KGD.

The above IC variations were combined in the model
with other inputs relevant in the KGD process and key cost
factors were identified. The key influence in this model is the
package type to which KGD is being compared. The relative
cost of KGD increases by up to a factor of 2 if it is compared
to plastic rather than ceramic packaged parts. The key factors
beyond package type, their cost impact and the necessary
responses for achieving KGD economies are as follows:

* Number of carrier uses: High Cost Impact: Need
carrier life of 100-1000 cycles with greater lifetime (upto the
1000 cycle limit) reducing cost. Cost impact of carrier
lifetime decreases rapidly with higher number of cycles.

* Complexity of IC: High Cost Impact: Assembly cost
for conventional packages is much more dependent on pin
count than KGD.

* Recurring Cost of Carrier and Interconnect: Medium
Cost Impact: Reduces material costs.

* Bum-in Hours: Medium Cost Impact Shorter bum-in
cycles mean more uses for a given interconnect thermal life.

* Time for Assembly/Disassembly: Medium Cost
Impact: Shorter die load/unload times from carrier reduce
labor costs and amortize cost of automation more rapidly.

* Equipment Costs: Low Cost Impact: Less expensive
equipment reduces capitalization costs.

The emphasis of the cost study was to determine which
factors had the greatest impact (and therefore demand the
greatest future attention) when trying to achieve cost savings
with KGD approaches. Further work is needed to validate
the current model and develop the system specification for
extensions to make this a useful tool for industrial users
interested in evaluating specific cases. These specifications
will be available to our phase I efforts and allow the model to
be inserted into the MCC MSDA tool.




2.0 KGD Assurance Technology

Advances in reducing size and increasing functional-
ity of electronics have been due primarily to the shrinking
geometries and increasing parametrics of silicon. Re-
cently, development efforts aimed at reducing size and
increasing functionality have focused on the first level of
the electronic package. The result has been the develop-
ment of multichip modu'es (MCMs), a technology in
which bare silicon chips are mounted on a single high
density substrate that serves to “package” the chips, as
well as interconnect them. A number of benefits accrue
because of MCM packaging, namely, increased chip
density, space savings, greater performance, and less
weight. Therefore, MCMs are an attractive new technol-
ogy for today’s light weight, portable, high performance
electronic equipment and devices.

In spite of these benefits, the MCM market has not
shown the kind of explosive growth and expansion that
was predicted'. A major inhibitor is the availability of
fully tested and bumed-in bare die, or “known good die.”

Test and burn-in of bare (or minimally packaged) die

Table 4. Board Yield
Probability | Board Yield | Board Yield | Board Yield
of KGD (10 ICs) (20ICs) (40 ICs)
9.9% 99% 98% 96%
99% W% 82% 67%
95% 60% 36% 13%
90% 35% 12% 1%
80% 11% 1% 0%
50% 0% 0% 0%

Table 4: Selected values of board (or module) yield when
assembled with differing probability of KGD. As this chart
show, board yield varies exponentially depending on die yield.

traditionally packaged chips, although this can at times be
a costly process. The resulting high quality, high reliabil-
ity devices allow board-level products to be assembied
with a high probability of success. Any board-level
product failure will most likely not be due to component
failure.

The following probability formula gives the expected

is not a new requirement for IC makers; however, it has yield of an assembled board:
yet to be satisfactorily addressed. 'Fhe IC industry cur- Y, = 100(P "
rently does an excellent job of testing and burning-in Y, is the predicted board yield, P_is the
T probability that an IC is good, and n is the
T ‘\ number of ICs. Packaged ICs can approach
® \\Q >, 99.999% probability (considered to be
1 T known good) of performing correctly for
w ~~azs some specified time in the final application.
E = This probability index means that less than
§§ T \ 10 parts out of one million will fail to
33 \yo\ - N perform their function currectly throughout
3 S~ \\\ aminimum guaranteed lifetime. The ability
d sl i~ N to fully test at-speed and over-temperature
_ o ] \:\\ ;j § g and to eliminate weak components with
ﬁ?“‘" e N burn-in is not generally available or cost-
e 2 T w0 pA w w0 | effective for bare die. This significantly
FC, Test Fault Coverage lowers the probability that a device will
Figure 1: Probable MCM Defe:twlzvels (probability of shipping perform as specified over its expected
: cor lifetime. Table 4 shows the effect of lower
mﬁn module) vs. MCM Fauit Coverage for Differing MCM KGD probability on the assembled MCM.
Formula: DL =1-Y__0% Even with a 95% probability of KGD —

Low board yield at final test (a function of incoming die quality, manufactur-
ing defects, etc.) is very difficult to “test out” of the product, requiring close

to 100% fault coverage at the module level.

which is typical of wafer probe results for

very mature products — the resulting yield
of the assembled board is unacceptable for

1 MCM market projections for the year 2000 vary significantly — ranging from $2 billion to $20 billion -— depending on the definition of
the market, as well as the level of optimism concerning the industry’s adoption and implementation of MCM technology.




systems with more than a few chips. » Minimal Package Approaches

In addition, the test coverage required to identify the Wafer Level Approaches are considered more long
low yielding MCMs must be extremely high to avoid term and were not assessed in this project.
escapes. (See Figure 1.) The most expedient KGD methods being proposed

Thus, the lack of KGD is a crisis for today’s MCM today take advantage of existing package-part test and
assemblers. Accelerating the widespread availability of bum-in infrastructure, tools, and supplies. In general,

MCM:s in the short-term requires the development of with these methods the die is mounted in a carrier that
KGD solutions that utilize existing processes and equip-  has the same form and function as a single chip package.
ment — customizing them to meet the needs of KGD. Temporary electrical connection is made to the bond
Over the long-term, new KGD technologies and ap- pads and the device is qualified through test and bumn-in

proaches that provide greater cost-effectiveness will be processes similar to the traditional packaged part. ATE
required. This report will focus on the near-term solutions  test equipment, component handlers, burn-in boards,
which offer the most immediate access to KGD, which burn-in ovens, and loaders can be used. Once the die is
can be categorized as follows: qualified, electrical connections to the bond pads are

¢  Soft Connection Approaches released and the die is taken from the carrier. The result

¢ Temporary Contact Approaches

is a fully tested, qualified IC device with specifications
comparable to those of an equivalent packaged part.

2.1 SorFt CONNECTION APPROACHES TO KGD and Reduced Radius Removal® (R3). These technologies
Some KGD approaches consist of making a non- rely most heavily on established processes and tools to
standard (or rerouted) connection (wirebond, C4, etc.) toa condition die. In some cases, the soft connection technol-
reusable standard package type; sending the assembly ogy is targeted toward a final assembly method exclu-
through test and bum-in, then breaking the connection, sively, as R3 for solder-bumped die. Concerns with the

removing the die, inspecting and shipping. These ap- cost effectiveness and final assembly limitations of some

proaches have been termed “soft” connections. Several soft connection methods have resulted in heightened

technologies using soft connection are available for interest in temporary carriers with probe sets which are
preparing KGD today, including temporary wire bonds applicable to all die, regardless of final assembly methods.
Table 5. Soft Connection Methods

Company Description

Chip Supply | SofTab Process: TAB tape frame is fabricated and lightly attached to gold bumped bond pads on the die. After
burn-in and st using TAB equipment, the tape frame is removed. Also licensed is Micron Softool.

Elmo Wafers are coated with a barrier material, bond pads are reformed for larger bond area. The die are packaged

Semiconductor | with thermoplastic die attach and wire bonded into a temporary reusable carrier. Following burn-in and test, the
wire bonds are cut and the die are removed.

GE Die are coated with a protective polymer and via holes are laser drilled to the bond pads. Temporary bond pads are
formed on the overcoat and are used to wire bond die into a standard package. After burn-in and test, die are
removed from the package and temporary bond pads are etched away.

IBM Reduced Radius Removal (R3): Solder bumped die are reflow attached to reduced radius pads on a reusable
ceramic substrate. Die are removed from carrier with a shearing process after burn-in and test.

Micron Softool 'T‘emporary die attach and “soft” wire bonds are used to place the die into a standard package. After burn-in and
test, the “soft” wire bonds are pulled away from the bond pads and the die is removed from package.

MCNC Solder bumped die are attached to a reusable multilayer ceramic carrier using a sacrificial metallurgical connec-
tion. A special process is used to weaken the temporary bond and to allow removal of the die after burn-in & test.

nCHIP Die-level technology for at-speed burn-in and test, employs a temporary package and temporary wire bonds. (This
technology has been identified only recently and no assessment is available.)

Samsung Conventional wirebond from chip to PC board is made in a multichip carrier. Gold wire is cut from bond pad with
proprietary tool. (This technology has been identified only recently and no assessment is available.)

3 The Reduced Radius Removal KGD technology was developed by IBM. See Section 6.0 for details.
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Figure 2: Overtravel force on probe needle causes
horizontal motion that “scrubs” through native oxide on
aluminum IC bond pad.
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Figure 3: Microfabricated probe set makes reliable contact
to the aluminum IC bond pad by piercing through the oxide
layer on the surface of the pad.
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Figure 4. Deforming the Oxide Layer

Figure 4: Microfabricated probe set makes reliable contact
to the aluminum IC bond pad by deforming the oxide layer on
the surface of the pad.

2.2 TEMPORARY CONTACT APPROACHES TO KGD

Temporary contact approaches contain microprobe
sets built into carriers that are made to mimic stondard
packages. The die is held in alignment to the probe set
with force to insure reliable electrical contact to the IC
bond pads. The main technical challenges with the
probes/contacts are compliance to nonplanar pads on the
die and penetration of the native aluminum oxide present
on the IC pads without causing damage which could
preclude the next assembly operation.

Pad Penetration — A temporary contact approach
requires some form of “scrub” or penetration through the
native oxide (typically on the order of 50 - 80 Auigstroms)
on the Al pad of the IC. Traditional needle and blade type
probe cards achieve oxide penetration by forcing the tip
of the probe to move laterally across the surface of the Al
pad with a vertical force “overdriving” the probe. (See
Figure 2.) This form of penetration, termed “scrub,” may
be used effectively for peripheral bond pads on an IC.

Many KGD approaches currently being developed
require some form of z-axis penetration in which the
microprobe is designed to be used with a piercing or
burnishing vertical on-axis force. (See Figures 3 and 4.).
This has been termed “z-axis scrub.”

Compliance — Scrubbing actions on the bond pad
require that some form of compliant member be available
to equalize the force on each contact. For traditional
epoxy ring needle probe cards, the spring constant of the
needle provides compliance. For KGD carriers, especially
those that rely on z-axis scrub to make reliable, low
resistance contact, this problem is nontrivial. Since force
is applied on-axis through the probe structure, the compli-
ance must be built into the substrate on which the probe
set is mounted — unless some form of compliant or
deformable probe contact capable of z-axis scrub is
available. This compliant substrate must be capable of
providing two conflicting functions — the ability to
transmit probe forces independently in the z-direction
while maintaining x- and y-direction positional accuracy.
In addition, the compliant members must be capable of
maintaining these properties during burn-in temperature
excursions which may reach 150°C. Many KGD carrier
approaches use a form of membrane as the probe set
substrate. Thin films, laminates, organic, and inorganic
membranes have all been proposed as KGD carrier
interconnect substrates. These membranes may be backed
by an elastomer to provide the compliancy required for
the probe set. Temporary contact KGD methods are
summarized in Table 6.




Table 6. Temporary Contact Methods

Company Description

Acsist Assoc. | Contact to die is made with a micro particle interconnect.

Aehr Test Nitto Denko’s ASMAT polyimide film provides electnical contact between the die and a uniquely designed

Systems carrier. Die are mechanically aligned.

California Electrical contact is made with traditional scrubbing action by microbeams, which are individually

Contact cantilevered. Die are placed directly into sockets on bumn-in boards without the use of a carrier.

Fresh Quest QC? A scrubbing probe technologv on a thin film membrane is used to make contact between the die and the
carrier. This technology is limited to peripheral bond pads.

IBM (dendrites)| Palladium dendritic structures are used to make contact to C4 solder bumped chips.

MCC Reusable TAB tape with inner-leads bent upward and embedded in silicone elastomer provide normal force,
compliance, and scrubbing under z-axis deflection. Usable with JEDEC standard TAB slide carriers and
sockets for test and bumn-in.

Micron Semi A'Tamily of reusable, socketable, universal carriers is used to provide known good die. Specific information is

Packard Hughes| Bumped flex carrier with “gold dot” microprobes is used with an elastomer backing, a spring clamp, and a
support plate/heat spreader.

Plastronics The carrier consists of a plastic base with a cavity for the die, a ceramic alignment plate with precision laser
drilled holes for aligning wire probes to the die bond pads, and a contactor assembly which contains the
probes. The compliant probes provide scrubbing contacts and the ability to accommodate non-planar
surfaces.

Qualhi Gold “bumps” are formed on thick film carriers by bonding gold ball bonds to the carrier; the wires are
broken off and the remaining balls are coined (planarized). Die are placed in contact with the carriers using a
flip chip bonder which provides enough scrubbing action to break through the oxide without forming an
actual bond.

Sandia Wafers are processed to reposition the normal peripheral bond pads of each die to an area array of much
larger pads on top of the die to allow easy mechanical alignment to a pad array in a universal carrier. The die-
to-carrier interface can be z-axis elastomers or diamond particle membranes.

T/MMS Pressure-contact carrier uses copper/polyimide interconnect and proprietary non-wiping contacts. Die self-
aligns to _arrier.

Trbotech Either face-up ot face-down versions of this carrier are available. A proprietary, non-scrubbing, fine point
piercing method .5 used to contact the die and make contact to the thin film interconnect.

Yamaichi Nitto Denko’s ASMAT polyimide film material provides electrical contact between the die and a carrier.




2.3 MINIMAL PACKAGE APPROACHES TO KGD

These approaches take advantage of the fact that
some minimal packaging approaches enhances the
capability to do test and burn-in. Ruggedized packages,
wider pitch, and gold contacts can help solve many of the
problems with handling and contacting bare die. How-
ever, these approaches limit final assembly options.

Table 7. Minimal Package Methods

Company

Description

Chip Supply

Traditional TAB chip on tape is available.

Hughes Arcraft

Testable Ribbon Bonding (TRB): Die are
ribbon bonded into low-cost carriers for
burn-in and test. After test, the ribbons are
cut leaving a TAB-like die which can be
single-point bonded into its final applica-
tion.

Micro SMT

‘Wafer level die packaging technology. Si
posts are formed in wafer scribe lines.

Northemn
Telecom

Die are wire bonded into low-cost carriers
for burn-in and test. After test, the wires
are cut leaving a die with stub wires
bonded to each pad, which can be single-
point bonded into its final application.

Tessera

Flex circuitry is used to reroute center or
peripheral die bond pads to an array of
nickel/gold bumps. An elastomer layer
provides compliance. The die array is
temporarily attached to a PGA style carrier
for burn-in and test and then removed. The
die may then be flip chip array bonded
intoits final application.

2.4 WAFER-LEVEL BURN-IN

During the survey phase of the project, we identified
suppliers working on wafer level KGD methods. We did
not pursue these methods in this project.

Table 8. Wafer Level KGD Methods

Company

Description

Elm Technology

Micro machined silicon membrane with
micro fabricated probe tips can be used for
whole wafer probing.

Hughes Research|

Extension of die-level membrane probe
card can be used for whole wafer probing.

MMS

An extension of the die level carrier can be
used as a whole wafer polyimide mem-
brane probe card.

nCHIP

A probe card is formed from a silicon
substrate with a multilevel interconnect.
Compliart bump technology is used to
mate the wafer under test to the substrate
(under compression). Integral decoupling
capacitance between the power planes and
integral resistors for isolation of the chips
are provided.




3.0 Infrastructure

In January of 1993, MCC launched the Infrastructure
for KGD program under the auspices of an ARPA ASEM
award, with Wright Laboratory acting as contract moni-
tor. The objective of the program is to resolve the issues
for supplying and procuring Known Good Die (KGD) in
a way that fosters industry acceptance and confidence in
Application Specific Electronic Modules for military
systems. Work done on this program will extend into and
help lay the foundation for acceptance of multichip
modules (MCMs) for commercial systems as well. This
report is the resuit of Phase I of the Consortia for KGD
contract. Figure 5 is an outline of the tasks which were
done during this Phase I program.

Prior to this Phase I work, an MCC/Sematech led
task group had developed the Standard for Procurement
and Use of Known-Good Die which was submitted to
JEDEC in October of 1992 for adoption as a standard.
See Figure 5. One of the tasks for the Phase One effort of
the current work was to extend the proposed standard to
include TAB and Flip-chip die.

Task Group Meetings

The program was officially begun with a meeting of
the Bumped/T ABed subcommittee of the KGD Task
Group on 20 January 1993 at Sematech in Austin. The

F—

for KGD Program

purpose of that meeting was to discuss modifications/
additions to the Standard for Procurement and Use of
Known-Good Die required to facilitate Bumped/TABed
Die sales. The participants in that meeting were IBM,
Delco Electronics, Rockwell Intl., AT&T, and MCNC.

The subcommittee decided to draw upon the Stan-
dard for Procurement and Use of Known-Good Die to
create a “core” document, followed by Wirebonded,
Bumped and TABed Addenda.

The following day, January 21, the full KGD task
group met at Sematech in Austin. Representatives of IC
suppliers, MCM fabricators and assemblers, government
and industry spokespersons met to begin a systematic
attach on the KGD problem. These representatives agreed
to form the task group which would guide the Phase I
work.

The meeting on January 21, 1993 represented the first
of six task group meetings; it began by identifying and
quantifying a series of performance metrics which define
known good die preparation processes.

The Task Group defined KGD Assurance
Technologies as:

The processes, materials, equipment, information,
etc., necessary to ensure performance, quality, and

e — reliability of a bare or minimally
Requi ts of KGD MchsidimE?H | packaged IC
Suppll ml and Users for | Procurement and Use a) meets the specifications of the
e S "('S';&?emgsg‘)e Manufacturers Data Book for
— - -— level of product required, OR
l I- b) is as good as or better than an
Survey of methods for et equivalent packaged device.
D oot vy | g Compsre methods with MCC/SEMATECH The Task Group then split into
Proposed in the requirements. ngﬁc:";&%o two subgroups to review the
industry. , “strawman’” document Requirement
1 l Specification for Methods, Materi-
als and Equipment Necessary to
| Prepare and Ship Semiconductor
Modeting and down Validation of method(s) | | Devices as Fully Warranted Bare
selection of methods : (Phase it Die Product. This document is
intended to be the tool which MCC
i D
Figure 5. KGD Task Flow Chart :n“se :;ng {.fs:ngk’gy was

'This document was later renamed the KGD Technology Assessment Guidelines for Methods, Materials and Equipment Necessary to Prepare
and Ship Semiconductor Devices as Fully Warranted Bare Die Product. It is included in Section III of this report.
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Table 9. KGD Meeting Summary
KGD Meeting Group Topic Persons Companies
21-Jan-93 Task Group Technology Assessment Guidelines 39 27
2-Mar-93 Task Group | TAB/Flip chip addenda 25 17
3-Mar-93 Task Group | Technology Assessment Guidelines 37 24
13-Apr-93 Task Group | Technology Assessment Guidelines 26 19
13-May-93 Industry KGD Assurance Technologies 85 47
Technology Assessment Guidelines,
14-May-93 Task Group Phase II plans 33 20
TAB/Flip-chip addenda, Technology
29-Jul-93 Task Group Assessment Guidelines, Phase 11 27 20
plans
Review Technical Assessments,
12-Oct-93 Industry Phase 11 plans 51 33

split along the lines of die suppliers and die users. Each
group worked on the document independently, and
generated two separate documents based on the
“strawman” original.

The second and third KGD Task Group meetings
were held on March 2-3, 1993 at MCC in Austin, Texas .

The purpose of the meeting held at MCC on 2 March
1993 was to review the subcommittee recommendations
for TAB and Flip-chip extensions to the MCC/Sematech
Guideline for Procurement and Use of Known-Good Die.
The meeting was attended by 20 persons representing 11
companies.

The task group approved a decision to develop three
separate KGD specifications, one for TAB devices, and
one for flip-chip devices in addition with the current
wirebond document.

The meeting held at MCC on 3 March 1993 was to
continue developing the KGD Assurance Technology
Requirements Guidelines which had been initiated at the
21 January meeting (at Sematech) and further refined by
subgroups during the month of February. The meeting
was attended by 39 persons representing 21 companies.

The supplier and user versions of the documents
were merged prior to the meeting and the task group
spent most of the day going through the document line
by line identifying areas of agreement. The resulting
merged document was renamed Technology Assessment
Guideline for Methods, Materials and Equipment
Necessary to Prepare and Ship Semiconductor Devices
as Fully Warranted Bare Die Product., version 1.5.

The KGD Task Group next met on 13 April, 1993 at
the Radisson Hotel in Denver, Colorado, to continue the
identificatior and quantification of a series of perfor-
mance metrics which define known good die preparation
processes. The goal of the meeting was to review the
Technology Assessment Guideline for Methods, Materi-
als and Equipment Necessary to Prepare and Ship
Semiconductor Devices as Fully Warranted Bare Die
Product or simply Technology Assessment Guidelines
and get to Revision 2.0. which could be called a discus-
sion draft, and which is nearing consensus.

The main sections to be resolved at this meeting
included the Die Preparation, Assembly and Disassem-
bly section, the Test and Burn-in section and the Wafer
Mount and Saw section.




A decision was made to include as Appendices,
sections which ask the Technology Suppliers to provide
information about their technologies. This was seen as an
aid to MCC (and potential customers) in assessing the
technology. These sections include the Die Preparation,
Assembly and Disassembly section and the Wafer Mount
and Saw section.

The Test and Bum-in section was extensively
reviewed, and a decision was made to simplify the
sections by reducing the categories to only two catego-
ries, low /O (<100) and high I/O (>100) devices.

The Task Group agreed that ihe Technology Assess-
ment Guidelines had indeed reached Revision 2.0 and
could be used to begin the assessment phase of the
project.

The task group also discussed the May KGD Tech-
nology Supplier Forum and asked that presenters at the
forum to address the following questions:

1) What is your suggested manufacturing process flow
to produce KGD?

2) What is the availability of your technology?

3) What is the cost per unit? (carrier/probe card cost)

4) How many reuses do you project for the carrier?

5) What is the lifetime and what is the time to refur-
bish?
6) What is the cleaning process?

The first industry-wide meeting of the program was
held on 13 May, 1993 in Austin. Representatives from
industry were invited to a KGD Technology Supplier
Forum, where 14 companies made presentations about
their bare die test, burn-in, shipping and inspection
technologies.

The Forum objective was to promote a dialog
between suppliers and users of the materials, components,
and tools necessary for producing high quality, reliable,
bare or minimally packaged integrated circuits (KGD).
The forum agenda allowed the 14 KGD technology
supplier attendees to make a presentation of 25 minutes
and to participate in a panel discussion concerning the
technology available for preparing, inspecting or ship-
ping KGD. Each presenter was provided a copy of
Revision 2.0 of Technology Assessment Guideline for
Methods, Materials and Equipment Necessary to Prepare
and Ship Semiconductor Devices as Fully Warranted
Bare Die Product prior to the meeting. This ensured that
all presentations were focused on the technical issues
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involved with preparing KGD.

On 14 May, 1993, the KGD task group met at MCC
to review the supplier forum, add shipping guidelines to
the Technology Assessment Guideline for Methods,
Materials and Equipment Necessary to Prepare and Ship
Semiconductor Devices as Fully Warranted Bare Die
Product and review the plans for Phase Il of the program.
The requirements for shipping KGD were added and the
Technology Assessment Guidelines were upgraded to
revision 2.5.

On 29 July, 1993 MCC held the sixth task group
meeting at the DFW Airport Marriott in Dallas, Texas.
The purpose of the meeting was to review progress on all
deliverables for phase I of the project.

TAB and Flip-Chip Addenda to the Procurement
Specification

The Standard for Procurement and Use of Known-
Good Die which was developed h* *he task group and
submitted to JEDEC for standardi. .ion was edited by
JEDEC 13 Task Group JC-13-92-04 as result of JEDEC
Survey Ballot JC-13-92-191. The latest version of the
Standard for Flip-Chip Known Good Die was edited to
match language of JEDEC Ballot version. This Flip-Chip
version, Working Version 1.0, 22 July, 1993, was re-
viewed and the updated version will serve as the addenda
to the JEDEC standard. It was submitted to the JC-13
commiittee in August 1993.

The task group recommended turning over to the JC-
13 subcommittee on TAB, the Standard for Providing/
Using Known-Good Die, Addendum for Tape Automated
Bonded Die, Draft 2.0, 9 Apr 93. This was also done in
August 1993.

Technology Assessment Guideline

Rev 2.5 of the Technology Assessment Guidelines as
updated by the task group subcommittee after May 14
update was reviewed; this latest rev 2.9 was presented to
the task group at the meeting.

A number of new assessment criteria were suggested
by the task group, including shock and/or vibration and
time at burn-in temperature. The task group also sug-
gested that definitions of test methods and specifying the
conditions for evaluating the technologies are needed.
These latest updates, including test methods for all test
rules, are included as revision 3.0 in Section !!! »f this
report.




T,

Phase II Plan

The phase II plan includes a two-level strategy to
evaluate the capability of selected KGD methods to meet
the KGD Technology Assessment Guideline and to
produce known good die. The details of the phase II plan
are contained in Section II of this report.

A second industry meeting was held at MCC in
Austin on October 12, 1993 to present the results of the
KGD technical assessment. A preliminary draft of the
phase I report was available for review and discussion.
Some of the comments from that meeting have led to the
improved detail of the readiness categorization.
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4.0 Assessment/Scoring Methodology

Sub section 6.0 of this section of the report contains
the descriptions of the 24 KGD approaches we assessed.
The following paragraphs outline the methodology and
content of the descriptions. The information contained in
the assessments has been obtained from published papers
and from interviews with individuals representing the
supplier company. Each of these descriptions has been
prepared by MCC personnel, and has been verified for
correctness and nonproprietary content by individuals at
each of the supplier’s facilities.

GENERAL INFORMATION

Background information on the technology develop-
ment and the vendor is given. A very brief description of
the approach is provided, along with the type of contact
mechanism employed, the alignment method used, and
the provisions for thermal management. Finally, a brief
synopsis of the vendor readiness to provide this technol-
ogy is provided. This section is intended to provide a
brief summary of the technology available for readers in a
hurry, without interest in the details of the technology.

TECHNICAL DESCRIPTION

This section is a textual description of the KGD
assurance technology, including the process methods
required to use it. This description also contains a draw-
ing or photograph intended to illustrate the technology
described wherever possible. This description has been
prepared by MCC personnel, and is intended to be non-
proprietary.

READINESS LEVEL

Most of the KGD technologies we assessed are in the
development stage, and are changing. In order to accu-
rately portray the state of readiness of each technology,
we have provided information in five areas; a readiness
category, the equipment status, process status, capacity
issues, and qualification issues, are described in detail.

Readiness Category
We have established four categories for readiness, as
follows:

Conceptual: These are ideas in the formative stages,
with no prototypes or test data available.

In Development: These KGD methods are currently
being developed by a supplier, and prototypes are being
built and assembled at the supplier’s site.

Alpha Test: These KGD methods have had proto-
types developed and initial production units are currently
being tested and evaluated for use in providing KGD at a
user site.

In Production: These methods are being used to
deliver KGD or KGD assurance technology devices to
customers. The KGD technology must be fully devel-
oped and qualified for use to achieve this category.

Equipment status

MCC personnel have attempted to describe the
equipment required for end user processing of KGD using
the given technology. This usually involves assembly of
die into carriers and subsequent disassembly. Where
possible, we have also described the equipment required
by the supplier to produce the KGD assurance technology
devices. This section describes the availability of that
equipment.

Process status
Some of the KGD technologies presented involve

processing steps at the wafer level. Where appropriate,
this section discusses the developmental stage of these
processes. This section also addresses the die to carrier
assembly/disassembly process status.

C itvi

The KGD production capability is discussed in this
section. Limitations in production capacity are indicated
here.

Qualification i

This section discusses the work performed by the
supplier to date to test and qualify the KGD technology
for general production of KGD.




ALIGNMENT METHOD

The alignment method pertains mainly to probe set
approaches. Mechanical alignment is a method of placing
the die in the carrier by referencing the edges of the die,
which implies they are always within some specified
tolerance. The concem here is with the tolerance of
typical IC manufacturers’ sawing process'. Manual
optical alignment refers to the use of an optical method of
aligning the die bond pads with the carrier contacts
involving an operator to make the necessary adjustments,
typically by observing the movements through a micro-
scope. Automatic optical alignment refers to the use of
an optical method of aligning the die bond pads with the
carrier contacts involving a computer based vision system
and robotic actuators to position the die in reference to the
carrier.

Contacr MECHANISM

There are several approaches to contacting the die
bond pads presented by the KGD technology suppliers in
this report, some of which are considered proprietary.
Wherever permitted, we have indicated whether the
contact is made with a scrubbing (x, y action) or a
piercing or burnishing (z-only) action.

KEY FEATURES

This contains a list of the key features of the technol-
ogy, compiled by MCC personnel from information
provided by the suppliers. In many cases, features
indicated by the supplier were considered to be TAG
requirements, and are not listed here specifically.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

This section contains a list of exceptions to the
Technology Assessment Guidelines. The full TAG
worksheet for each approach is included with each
description.

ProcCEss FLow DESCRIPTION

MCC personnel used available supplier information
to describe the likely process flow for each known good
die technology. This is primarily the procedure for
assembling and dissassembling the die in the KGD
assurance technology devices.

ADVANTAGES

A list of advantages of the particular technology is
given. Features which meet the TAG requirements are
not listed as an advantage. If the majority of the suppliers
are expected to have this advantage, it is also not listed.
This list is compiled by MCC personnel.

DISADVANTAGES

A list of disadvantages of the particular technology is
given. Features which do not meet TAG requirements are
discussed in NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GumELINES. This list is compiled by MCC person-
nel.

CONCERNS

This section contains the concerns raised by MCC
personnel and others with regard to a particular technol-
ogy. These items typically include missing pieces of
important information, trade offs, and potential rather
than actual problems with the technology.

EQUIPMENT REQUIRED

Each technology is dependent on some equipment for
processing. In some cases, this is standard equipment,
such as wire bonders and package handling equipment,
and in other cases, custom designed equipment is re-
quired. MCC has attempted to provide as much informa-
tion as is possible about the equipment required; however,
details are often unknown or as yet undefined. An
example table is given:

Item
Assembler

Cost
$100K to $200K

Throughput
20 die/r

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

A description of the process equipment required in
order to have a fully automated assembly/disassembly of
chip-to-carrier is given. Information from suppliers is
limited; therefore, these are largely derived from engi-
neering knowledge by MCC personnel.

! See Section I, Appendix B for a discussion of wafer saw requirements for mechanical alignment.




Table 10: Example of TAG Worksheet

TAG Requirements Guideline Meets TAG? |Weight | Score
Interconnect Rules

Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder N 2 0
Metallurgy Changes required NO change in quality/reliability Y 3 3
Interconnect Rules Subtotal 7

Cost 4.1 DRAWING OR PHOTO

The following table illustrates the method of cost
comparison, with the criteria used to rate costs as low ($),
medium ($$) or high ($3$) for selected technologies.

Table 11: Cost Comparison Chart

actor Comment Cost

No additional processing
Bumping required

$
Wafer Processing $$
Rerouting required 353

Parity w/plastic pkg possible
Parity w/ceramic pkg possible
Parity w/any pkg unlikely

Materials cost per use

Guw

Simple approach, low cycle time

Higher cycle time than average

Very high cycle time and/or
potential for damage to carrier
or die

Assembly and
Disassembly

ggo

Cost information given by the supplier may also be
listed.

COMMENTS

This section contains general comments from MCC

personnel pertaining to the technology and/or its applica-
tion.

SuPPLIER BUSINESS INFORMATION

The supplier company name, address, phone, primary
business, number of employees, and 1992 sales or
revenue are given if available.

Contacr(s)

The name, address if different from above, and
telephone/fax numbers are given for the individual(s)
primarily responsible for the KGD technology within the
supplier company.

Where possible, a drawing and/or photo of the
technology is included. These diagrams are often con-
tained within the technical description or process flow
sections, wherever appropriate.

4.2 TECHNOLOGY ASSESSMENT GUIDELINES
‘WORKSHEET

The two-page TAG worksheet contains the “rules”
from the KGD Technology Assessment Guidelines (Rev.
2.5) in the fonm of a spreadsheet. The TAG Requirements
column gives the “rule;” the Guideline column lists the
tolerance or limits; the third column indicates whether or
not the technology meets the guideline; the weight
column contains the weight or priority of that feature on a
scale of 1 to 3; the last column gives the score. The score
equals the value of the weight in cases where the TAG is
met or zero in cases where it is not met.

Table 10 shows an example of the worksheet. This is
for section 3.5, Die Interconnect Quality of the KGD
Technology Assessment Guidelines. Each subsection is
summed and added to make the final TAG score. The
line items in this worksheet and the “weight” of each was
defined by the KGD technology subcommittee, com-
prised of representatives from throughout the electronics
industry. MCC personnel have assessed each technology
by line item, to determine if the technology meets each
requirement.

It should be noted that the technologies were as-
sessed against Rev. 2.5 of the TAG, while the version
given in Section III is Rev. 3.0. In order to complete the
assessment during the time that revisions continued to be
made to the TAG. It was necessary to fix the version at an
earlier date.
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5.0 Cost Analysis

5.1 INTRODUCTION

The cost analysis efforts presented in this report
address general Known Good Die (KGD) cost issues
rather than specific carrier+interconnect technology
approaches. Based on industry interest, the focus is on
temporary contact methodologies; however, :he results
are generally applicable to soft contact technologies as
well. The analyses were performed using a Monte Carlo
simulation in an MCC developed cost model. This
method provides an effective means of handling a large
number of variable, complex interactions and a high level
of uncertainty with respect to specific values. The results
are expressed as the cost ratio (KGD/Pkg) between bare
die (KGD) and conventionally packaged die (Pkg).

5.2 METHODOLOGY

The cost model simultaneously follows a typical
process flow for KGD and its equivalent paci:aged part.
It is significant to note that the model encompasses the
entire process from completed wafer fabrication to die
ship, rather than focusing on assembly only (Table 12).

The cost analyses presented in this report make the
following assumptions:

* Total number of die fabricated is 500,000.

* Equipment, methodologies, and times for test and
bum-in are identical for conventional packaging and
KGD.

» Wafer fabrication costs are identical for conven-
tional packaging and KGD (since use of temporary

contact methodologies are expected to require no
additional wafer processing).

* Uniform, domestic labor rates are used, except for
conventional package assembly.

» Conventional package assembly costs are derived
from Messner [1].

The complexity of the model requires a case study
approach (with key KGD independent variables fixed).
The baseline case is a moderately sized die (0.42 cm?)
with a medium number of I/O (74). The product life is
assumed to be 2 years and burn-in time is set at 24 hours.
These two counteractive effects represent a rough com-
promise between typical commercial and military appli-
cations.

Interconnect Tooling $/prod

Probability

$5.000 $7.500 $15.000

Figure 6. Example of input Distribution

A number of factors influence the cost of KGD
relative to conventionally packaged parts. Most factors
can be identified as either dependent or independent of
the specific KGD technology used. The value for each

factor is derived from one or more

Step] _ Process Step Appliesto: | Key Inputs inputs, with the model containing
1 |Wafer fabrication and KGD & Pkg| Die area, # of O, | oVer 100 inputs. Slightly less than
| sort defectivity half are fixed at one value; the others
2A| Assemblyinto a KGD See Appendix 1 are defined by ranges and distribu-
> = cn;alx;ll'ler T 5 tions. The variable inputs are
sembly into a # of 1/O, Messner's primarily related to KGD dependent
conventional packagd | formulas [1] | ucoryand arelised and explained
3 Bum-in KGD & Pkg|Bum-in time, BIB costs,| . A . lei .
and operation parameter} n ppm:lx L :nabzml’m 1
4 Final test KGD & Pkg Cost per die ;‘;; :2 ifgo vtec;:ling ) s:t
~ Di 1 “KGD A i r nnect
> sassembly XGD See Appendix1 | $5000to $15,000, with the most

Table 12. Process Flow and Key Inputs for KGD
and Pkg

likely value being $8,000. This input
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is one of the many used to calculate the factor “cost of
carrier+interconnect.”

Each Monte Carlo simulation includes a total of 1000
runs. This captures the potential variability in the input
ranges and accounts for the uncertainty in assigning
specific values. Each of the 1000 runs uses randomly
selected values from the defined input distributions. The
output of a simulation is a population of possible results,
which are analyzed and expressed as a mean and standard
deviation. The graphs below depict a minimum of
10,000 runs, with the individual data points representing
the mean of the population. When present, the error bars
represent 1 sigma limits.

B Ceramic
O Plastic

KGD/Pkg

5.3 ResuLts
Known Good Die costs are influenced by both KGD o+——

A Plastic-optimized

L4

technology dependent and independent variables (Table 05 10 15 20
13). In addition, relative cost is affected by changes in Die Complexity
the cost of gither KGD or Pkg. One of the key influences Log (cm*2 * VO)
on package cost and therefore, the KGD/Pkg ratio, is the
package type to which it is being compared. The relative
cost of KGD increases by up to a factor of 2 if it is
compared to plastic rather than ceramic parts (Figure 7).
Many die suppliers are targeting parity with plastic parts;
however, in some cases parity with ceramic is adequate

Type vs KGD/Pkg

25

3.0

Figure 7. Die Complexity and Package

Die complexity has a significant effect on the relative
cost of KGD, because of increased cost of conventional
package costs. The model assumes a much greater

to justify investment in KGD. penalty for high pin counts in conventional packaging
Relative
Technology Dependent Desired Full | Relative | Effect if
or Independent Factor Trend Comments Range | Effect, >100
_ full range | uses
Die Complexity More Conventional package has
log (cm”2 per die * I/O per | complex is| higher per-pin costs than [0.8t03.0f High | Very high
die) better KGD.
Number of Uses per Number of C+I uses is the
Carrier+Interconnect More uses | most critical factor when thi§ 5 - 280 | Very high| Medium
_(C+I1 Life) is better number is small (<100) uses
Product Life
(Effective life-time of | Longeris [Cost of C+I is amortized ovef0.5 to 2.5] Medium High
| ___interconnect design) better a greater number of uses |  yrs
Cost of Carrier+Interconnecy Lower cost $12to
L (C+D) is better Reduced material cost $260 | Medium | Medium
Burn-in Hours per Cycle |Less timei§ Number of uses per C+Iis | 6 to 48
_ better |higher for a given thermal lift hrs | Medium | Medium
Cycle time per die Lower timg Reduced demand on labor |17 to 170§
(Assem+ Disassemb + Clean) is better and equipment sec Low Medium
Equip $0.03 to
(Assembly+Disassembly | Lower cost| Reduced capitalization cost|$0.46 per}] Verylow| Low
Equipment Costs) is better die

Table 13. Influence of Technology Factors on KGD/Pkg for a given packaging type
16




than for KGD temporary contact carriers. This is because
in conventional packaging, costs increase significantly
with pin count. The KGD carrier has a small penalty for
pin count in order to account for increased complexity of
the interconnect, but assembly costs change very little (if
any) as the number of VO is increased. An increase in die
size with the same pin count has very little effect on the
cost ratio. As die size increases, yield decreases for a
given defect density [2] resuiting in increased scrap rates
of conventional packages. However, this benefit to the
KGD/Pkg ratio is offset by the loss of an amortized use of
the KGD carrier+interconnect (since it has been used to
burn-in a die that cannot be sold).

Product life and bumn-in time are both KGD technol-
ogy independent factors which have a very significant
effect on the cost of KGD. In some instances their effect
can have a greater influence on the cost of KGD than the
factors which are directly related to the selection of a
specific KGD approach (Table 13). Both product life and
burn-in time affect the maximum number of potential
uses for a given carrier+interconnect, consequently
increasing amortization effects (Figure 8). Over the
ranges selected in this analysis, product life has a slightly
more significant effect than bumn-in time. An increase in

500
6hr Bl

12hr Bl

24hr Bl

400 48hr BI

300

200 1

Number of C+l Uses

o &

0 ‘ T v ' v
0 1 2 3
Product Life

Figure 8. Product life and Burn-in Time vs Number
of Carrier+interconnect (C+l) Uses

—®— KGD/Pkg, ~179 mean uses

—0— KGD/Pkg, ~20 mean uses

0.0 T T — T————— v
0 50 100 150 200 250 300
Cost of Carrier/interconnect

Figure 9. Cost of Carrier+interconnect (C+l) and
Number of Uses vs KGD/Pkg

product life increases the potential number of uses before
the interconnect is made obsolete by design changes. A
decrease in burn-in time will also increase the potential
number of uses because it provides more uses for a given
interconnect thermal life (i.e., it decreases thermal
exposure per use).

The two most important KGD technology factors
which affect cost are the cost of the carrier+interconnect
(C+]) and the number of times that it can be used. If the
number of uses is low (<100), it is by far the most
important cost driver. Figure 9 illustrates the importance
of determining both factors in selecting a cost effective
KGD technology. The maximum possible number of
uses for any carrier+interconnect is limited by product life
and is unlikely to be more than 1000. The actual number
of uses, however, is more likely to be determined by the
thermal/mechanical life of the interconnect and/or probe
tips. Based on analysis completed to date, it is believed
that 100 uses is a desirable minimum number. Determi-
nation of carrier+interconnect life for specific KGD
approaches will be critical for accurately determining
costs of those particular technologies. Fortunately,
thermal life and temperature cycling tests are relatively
easy to perform in-house.
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Cycle time for assembly and disassembly of the die
into the carrier has a moderate to low effect on KGD
costs. Longer cycle time adds to cost by decreasing
throughput and potentially increasing the amount of labor
required. The cost of equipment has a very low effect on
KGD cost (a third less than cycle time). Cycle times and
equipment costs will probably be fairly difficult to
determine until the processes mature. Most of the
suppliers do not yet have production lines in place, many
have not yet identified key pieces of equipment or levels
of automation, and some have not made a final decision
on the exact process flow. Fortunately both cycle time
and equipment costs have relatively low effects.

5.4 CONCLUSIONS

Cost effectiveness of KGD will ultimately depend on
the point of reference. Parity with ceramic parts will be
easier to achieve than with plastic. In addition, the nature
of the product itself will have a larger impact on the
relative cost than will most KGD technology dependent
factors. Ideally the die have a high pin count, a low burn-
in time, and a long product life. A die with a large
number of /O will be more cost effective than a less
complex die because of the cost savings over conven-
tional package costs. A design which is expected to have
a relatively long product life will also provide greater
economic benefits by increasing the potential number of
uses per carrier+interconnect and the amortization of the
carrier+interconnect design. A reduction in burn-in time
will increase the number of uses per C+I (assuming a
limited thermal life).

The two most critical KGD technology dependent
factors are the cost of the carrier+interconnect and the
number of uses per C+1. The number of uses is especially
critical when the number of uses is low (<100). These
two factors are probably best expressed in combination as
a ratio of C+I cost to number of uses per C+I. Analysis to
date indicates that the desired minimum number of uses is
about 100. This is expected to be controlled by the
thermal/mechanical life of the carrier+interconnect. The
benefit of improving carrier+interconnect life diminishes
rapidly after several 100 uses due to the use limits
imposed by product life. For this reason, it is unlikely
that any carrier+interconnect will be used more than 1000
times.
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5.5 ArrEnDIX
See Appendix 1 at the end of Section I.
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Chip Supply

CHIP SUPPLY, INC.
Sof TAB/Softool

GENERAL INFORMATION

Chip Supply began supplying known good die by
providing hard-bonded TAB components, and supplanted
their capability by licensing the “Softool” technology
from Micron Semiconductor (see Micron Softool). Chip
Supply has since developed a known good die technology
of their own, called “Sof TAB.” This new technology is
based on using TAB leadframes and processing equip-
ment, and performing a “soft” inner lead bond to gold
bumped die, which is removable after test and burn-in.
See Figure 10. Contact methodology is a soft bond with
alignment performed by a TAB inner lead bonder.
Thermal management is not provided, although the die
backside is left accessible for contact in the TAB slide
carrier. All three of these methods are in production now.
The following will focus on Sof TAB. A discussion of
Softool is included under Micron.

TECHENICAL DESCRIPTION

Chip Supply’s “second generation” approach to
supplying known good die is based on a mature in-house
TAB capability. Wafers are gold bumped in the same
manner as for TAB. Thickness of the bumps can be
varied to accommodate different final assemblies includ-
ing HDIL. The TAB tape frame is fabricated, and lightly
attached to the gold bumped, peripheral bond pads of the
die. After burn-in and test using TAB sockets, the tape

frame is removed with a modified pull tester, and the die

Figure 10. Soft Bonded TAB Carrier

is visually inspected. Finished KGD are delivered in
waffle packs. The finished die have gold plated bumped
bond pads which are sealed to the glassivation for
enhanced reliability. These bond pads readily accept gold
wire bonds, and in bondability tests performed by cus-
tomers, the gold to gold attach using both wedge and ball
techniques has yielded 100 percent wire breaks.

REeADINESs LEVEL
Readiness Category:

This technology is currently in production.
Equipment status:

All necessary equipment is currently in place and
ready for use.

Process status:

The process for Sof TAB is completely developed and
has been independently verified.

Capacity issues

The Sof TAB approach is capable of handling high
/O, fine pitch, and high volume requirements. Tooling is

required for each new TAB tape design. Gang bonding
and removal of tape is possible.

Qualification issues:

This method is currently in production and is being
used to ship known good die. The quality of the bond
pads on shippea die has been verified by customers. Since
an actual bond is made, quality of burn-in ar.d test is
expected to be equivalent to traditional TAB.

ALIGN:#eNT METHOD
Alignment is done by visual set up of an inner lead
bonder and is automatic thereafter.

CoNtact MECHANISM
Contact to die is made with temporary TAB bonds.

KEY FEATURES
SofTAB is based on mature TAB technology.
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Chip Supply

NoNcOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUDDELINES

The TAB based technology is limited to use with die
which have peripheral, gold-bumped bond pads.

« TAB approach means that die with area array pads
cannot be burned-in or tested

* Process not designed to convert from array to
peripheral bond pads.

* Sof TAB process not defined for use with Al pads.

* Additional wafer processing required (Au-bump-
ing).

¢ Cannot accommodate incoming solder bumped die:
Sof TAB process not defined for use with solder
bumps; Au-bump processing requires aluminum
pads as initial surface.

It is assumed that the TAB tape will be single level
and therefore unable to achieve 50 ohm controlled
impedance.

Sof TAB was not penalized for degradation to bond

pads since the contacts are gold-to-gold. Lack of damage
is supported by EDS analysis and pull-strength tests.

PrOCESS FLOW DESCRIPTION
1.0 Begin with gold bumped die.
2.0 Soft ILB TAB tape leads to die bumps.
3.0 Test at room temperature.
4.0 Bum-in (160 hrs @ 125°C or 80 hrs @ 150°C).

5.0 Test at specified temperatures (-55°C to 125°C
available).

Remove TAB contacts from die using modified
pull test equipment.

Inspect.

Transfer die to shipping containers.

6.0

70
8.0

ADVANTAGES
* Uses existing TAB assembly.
» Demonstrated technology, currently in use.

» Wide assembly window; 10% process variation will
retain good pull strength and still remove easily with
shear because of flat interface.

« Uses existing TAB tape slide carriers.

|1V —

IDISADVANTAGES

* Cooling required for high power dynamic bum-in
may be a challenge.

* See also NoncompLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES.

CONCERNS

* Selection of this technology means that wafers must
be gold plated or bumped. Plating/bump process
adds environmental protection to die in the form of
gold sealed to glassivation. However, it may also
introduce defects and limit final assembly options. If
preferred final assembly requires gold pad then the

cost of wafer bumping is value added.
EQUIPMENT REQUIRED
Item Cost Throughput
TAB inner lead bonder | $125K 1 bond/sec
Modified pull tester Unknown Unknown

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS
Wafer processing equipment is required for bumping
the wafers. Normal TAB equipment is used to produce
the Sof TAB product. Chip Supply uses a Hughes TAB
inner lead bonder to form TAB bonds on die pads, and a
customized pull tester to remove bonds from the die.

Cost

SofTAB requires a nonrecurring engineering charge
(NRE) of approximately $16,000 for tooling new prod-
ucts, plus an NRE charge for test software (dependent on
complexity of test). There is no NRE charge for part
types that Chip Supply has previously tooled.

Cost Factor Comment Cost
Wafer Processing | Au bumps $$
terials Cost/Use |LoW materials cost (in $$
Ma C s volume); low number of
Assembly, Cycle time higher than $$
Disassembly average
MCC Cost Judgement




CoMMENTS

Sof TAB KGD technology provides the benefits of
mature TAB technology using a process currently
available. This approach meets the requirements of wire
bonded applications, even though the aluminum bond
pads have been physically changed. Using this approach
means a customer is paying for TAB tested and burned-in
die, but getting bare die with gold pads.

SupPLIER BUSINESS INFORMATION

¢ Chip Supply, Inc.
7725 N. Orange Blossom Trail
Orlando, FL 32810
(407) 298-7100

* Primary Business: Electrical measurements,

instruments
¢ Total Employees: 175
+ 1992 Sales: $18M
Contact
Jim Rates

PHONE: (407) 296-5604
FAX: (407) 290-0164

Chip Supply




Supplier:|CHIP SUPPLY Method: | SofTAB
TAG Requirements Specification Meets TAG? Weight Score

Device Type Rules 0
BiPolar Accept Y 2 2
CMOS Accept Y 3 3
BICMOS Accept Y 2 2
Si On Insulator Accept Y 1 1
GaAs Accept Y 1 1
Analog Accept Y 2 2
Digital Accept Y 2 2
Mixed Accept Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Amrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept N 2 0
Bumped die Accept N 2 0
Device Type Rules Subtotal 0 29

Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to1 Y 1 1
min, size tolerance 10.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min, thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9}

Interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad pianarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder N 2 0
Metallurgy Changes required NO change in quality/reliability Y 3 3
Interconnect Rules Subtotal 0 7

Device Design Rules 0
Change or impact required NO change Y 3 3

0

Wafer Fabrication Rules 0
’c_mﬂe or Impact Required NO change N 3 0

0

Wafer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe | Wafer probing OK Y 3 3
New capital equipment required by fab  |INO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage r Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 1

Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4

Test & Bum In - General Rules 0
|BIST Capable YES Y 3 3
Basic function test YES Y 3 3
|simulation/connection YES Y 3 3
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Supplier:[CHIP SUPPLY [ Method:[SofTAB |
TAG Requirements Specification | Meets TAG? Weight | Score
Re compatible w/ bandwidth YES Y 3 | 3
Backside electrical connection YES Y 3 ! 3
Pin 1 identifier provided YES . Y 3 [ 3
Contact passivaion wells upt0 1.5 ym  |YES i Y 3 | 3
Contact passivaion wells upto 8.0 ym | YES Z 2 % 0
Test & Bum In - General Rules Subtotal 0 ' 21
Low VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MH2 Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) jALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Char. impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 3W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Low /O Test Rules Subtotal 0 21
High VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance <059 Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 150um Y 3 3
Min. pad dimension 75 um Y 3 3]
Char. impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handiing capacity 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High /O Test Rules Subtotal 0 21
|Bum in Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, bott:; Both N 2 0
Pad metallization accepted(Al,Au,Solder) [ALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Power handling capacity 3 W/cm2 - 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 22
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
0
ingpection 0
Allow optical inspection of device YES Y 2 2
0
TOTAL SCORE 0 153
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Elmo

ELMO SEMICONDUCTOR

GENERAL INFORMATION

Elmo Semiconductor uses their own process for
overcoating die, forming enlarged bond pads, and placing
temporary bonds on the die for burn-in and test. The die is
placed into a temporary package using a thermoplastic die
attach, and wire bonded into the package for burn-in and
test. See figure 11. Afterward, the wire bonds are
“clipped” off and the die is removed from the temporary
package. The contact mechanism is a wire bond, and the
alignment is performed by a wire bonder. Thermal
management is provided by the temporary package,
normally the package the part is usually provided in.

Elmo is currently producing known good die using this
methodology.

TeCHNICAL DESCRIPTION

The Elmo approach is based on existing technology
and capabilities. Wafers are coated with a dielectric
material, either organic or inorganic, followed by a step to
open up the original bond pads. New bond pads are then
formed over the dielectric coat. These new pads are
larger and may have a less aggressive pitch than the
original die. The die is placed in a temporary, reusable
carrier with thermoplastic die attach and then wire
bonded. After bum-in and test, the wire bonds are cut and
the die are removed on carriers. For assembly into the

final application, new wire bonds are made adjacent to the
KGD bond sites, which is facilitated by the larger bond-
ing area.

READINESS LEVEL
Readiness Category:

This technology is currently in production.
Equipment status:

The Elmo process is based on existing standard
equipment for wafer processing and die attach/wire
bonding operations. All of this equipment is in place and
ready for use at Elmo.

Process status:

The wafer processes and the die attach/wire bonding
operations involved are fully developed and qualified for
use

Capacity issues:

Elmo capacity for production is currently from 1000
to 2000 die per week (depending on the number of die per
wafer), and all processes involved except the wire clip
and die removal are fully automated. Capacity is limited
by available personnel, not equipment. The capacity may
be quickly expanded by adding personnel.

Figure 11. Die Instalied in Temporiry Package

Temporary Wire Bond

Die Coating
New Bond Pad

Original Bond Pad

............
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Qualification issues:

The overcoat material(s) are commonly used passiva-
tion materials, and have been qualified for use at Elmo.
The effects of the overcoat of bonding over active circuits
are unknown at this time and need to be qualified.

ALIGNMENT METHOD

Alignment is manual optical and is performed on the
wire bonder.

CoNTAcT MECHANISM

Contact to die is made with temporary wire bonds on
expanded die contact pads.

KEY FEATURES

Enlargement of die contact pads provides enough
space for both temporary and final wire bonds.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The wire bond based technology, with required
rerouting of original aluminum bond pads, is limited to
use with die which have peripheral, aluminum bond pads.

* Wire bond approach means that die with area array
pads cannot be burned-in or tested.

* Process not designed to convert from array to
peripheral bond pads.

» Cannot accommodate incoming Au or solder
bumped die; postpassivation processing, integral to
technology, requires aluminum pads as initial
surface.

* Additional wafer processing required (rerouting and
enlargement of bond pads).

The dielectric overcoat was judged to be potentially
incompatible with GaAs.

Clipped ball bond left after testing was judged to be a
degradation in the quality of the final bond pad surface.

Wire bonding in combination with pad rerouting
provides an uncontrolled impedance environment.

Optical inspection of the die is inhibited by the
dielectric coat.

Elmo

The Elmo process was not penalized for number of
touchdowns, since enlarged pads will accommodate
multiple bonds.

ProcEss FLow DESCRIPTION
1.0 Begin with die which have added dielectric and
rerouted pads, per Elmo’s postpassivation process.
2.0 Inspect.
3.0 Mount die in carrier with thermoplastic
4.0 Wire bond.
5.0 Test
6.0 Bum-in die.
7.0 Re-test.
8.0 Clip wire bonds.
9.0 Remove die from carrier.

10.0 Remove thermoplastic material from backside of
die.

11.0 Transfer die to delivery packaging.

ADVANTAGES
» Uses existing wire bond assembly equipment.

« Enlarged bond pads allow for multiple bonding
without violating pad damage ratios.

e Standard existing package may be used. No change
in burn-in and test equipment, sockets or parameters
is required.

¢ Demonstrated technology, currently in use.

DISADVANTAGES
* Cost increases with pin count since both assembly
and disassembly are done one pin at a time.
» Economic reuse of package is limited.

» See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES

CONCERNS

* “Clipped” bond balls may affect final assembly.

e Removal of die attach material may not be easy and/
or may affect quality and ease of final assembly.

« Postpassivation wafer processing provides addi-
tional environmental protection for die and, if done




Eimo

at a single location, may result in uniform metalliza-
tion and therefore, uniform bonding parameters.
However, wafer processing may also introduce
defects. Overall, cost is high relative to value added.

* Potential for damage to die because bonding over
active circuitry.

* Potential TCE mismatch between passivation and
coating may result in metal movement.

¢ [/O limited.
EQuiPMENT REQUIRED
Item Cost Throughput
Pick and place station $150K- 2K - 7.2K/hr
$300K
Wire bonder $120K 5 wires/sec
Die removal system $100K 20 die/hr

EQUIPMENT DESCRIFTION FOR AUTOMATED PROCESS

The application of a barrier coat and enlarged bond
pads requires standard thin film and photolithographic
equipment. The pick and place system would require a
robot with four degrees of freedom and one end effector.
In order to attach the die to the temporary package, a
heated platen or end effector would be required to reflow
the thermo-plastic material. The wire bonder required
would be a gold or aluminum ball bonder that is either
fully automatic (pattern recognition) or semiautomatic
(mamual fiducial entry). The method of wire removal is
assumed to be manual. The die removal system would
require a manual, semiautomatic, or fully automatic
alignment system with at least four degrees of freedom.
To remove the die from the temporary package, a heated
platen or end effector would be required to reflow the
thermoplastic material. Depending on the residual
strength on the attach material after reflow, the end
effector would use either vacuum or another thermoplas-
tic material to remove the die from the temporary pack-

age.

ﬁ

Cost Factor Comment Cost
Wafer Processing | Reroute required $33
Materials Cost/Use | Low number of uses 333
Assembly, Assembly increases with /O] $$$
Disassembly count; disassembly time high
MCC Cost Judgement
COMMENTS

This is one of the few currently available sources for
KGD; however, it requires the customer to pay for the
additional wafer processing and accept certain compro-
mises and limitations. For wire bonded, face up applica-
tions it is a proven technology with an established track
record and customer base. Rerouting of bond pads is
possible; full array is not.

SuppLIER BUSINESS INFORMATION

¢ Elmo Semiconductor Corporation
7590 N. Glen Oaks Blvd.
Burbank, CA 91504
(818) 768-7400

* Primary Business: Semiconductors, related devices
* Total Employees: 237
* 1992 Sales: $18.2M

CoNnTACT

Larry Duncan
PHONE: (818) 768-7400
FAX: (818) 767-7038




Supplier:|ELMO Semiconductor Method: |no name
TAG Requirsments Specification Meets TAG? Weight Score

Device Type Rules 0
BiPolar Accept Y 2 2
CMOS Accept Y 3 3
BICMOS Accept Y 2 2
Si On Insulator Accept Y 1 1
GaAs Accept N 1 0
Analog Accept Y 2 2
| Digital Accept Y 2 2
Mixed Accept Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
jLogic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept N 2 0
Bumped die Accept N 2 0
Device Type Rules Subtotal 0 28

Water/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to1 Y 1 1
min. size tolerance 0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance 1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9

interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder N 2 0
Metailurgy Changes required NO change in quality/reliability N 3 ol
Interconnect Rules Subtotal 0 4

Device Design Rules 0
Change or impact required NO change Y 3 3|

0

Wafer Fabrication Rules 0
|Change or impact Required NO change N 3 0

0

Wafer / Die Probe Ruies 0
Does NOT Prohibit Use of wafer probe Wafer probing OK Y 3 3
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11

Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Doas NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4

Test & Bum In - General Rules 0
|BIST Capable YES Y 3 3
|Basic function test YES Y 3 3
|simutation/connection YES Y 3 3
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| Supplier: [ ELMO Semiconductor | Method: no name
TAG Requirements Specification Meets TAG? Weight Score
|Rc compatible w/ bandwidth YES Y 3 3
[Backside electrical connection YES Y : 3 3
Pin 1 identifier provided YES Y | 3 3
Contact passivaion wellsupto 1.5um | YES Y | 3 3
Contact passivaion wellsupto 8.0yum | YES ‘ ; 2 0
Test & Bum In - General Rules Subtotal ! 0 21
Low VO Test Rules { 0
Carrier Operation Temperature 0-125°C | Y 3 3]
Contact Resistance <05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N ‘ 2 0
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3]
Char. Impedance 50Q +10% N 2 0
IBandwidth 500 MHz Y 2 2
Power handling capacity 3W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Low /O Test Rules Subtotal 0 21
High /O Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0l
Pad metallization accepted(Al,Au,Solder) |ALL N 1 o}
Min. pitch 150um Y 3 3|
Min. pad dimension 75 um Y 3 3
Char. impedance 50Q £10% N 2 0
|Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High /O Test Rules Subtotal 0 21
Burn In Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance <05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Soider) |ALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Power handling capacity 3 W/em2 - 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 22
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
0
linspection 0
Allow optical ingpection of device YES N 2 0
0
TOTAL SCORE 0 147
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General Electric

GENERAL ELECTRIC
High Density Interconnect

GENERAL INFORMATION

The High Density Interconnect (HDI) module technol-
ogy developed at General Electric, requires known good
die'. In response, an adaptation of the HDI process is being
developed. This technology involves overcoating the die
and forming temporary bond pads on the die overcoat
layer, then temporarily placing the die into a package and
wire bonding to it. After burn-in and test, the wire bonds
are pulled and the die is removed from the package. The
temporary bond pads are etched from the die, leaving a
tested chip with an overcoat and openings to the bond
pads. The contact method is wire bonds, and alignment is
performed by a wire bonder. Thermal management is
performed by the package. General Electric is in develop-
ment of this technology, with plans to use it for an upcom-
ing module design. Texas Instruments is also a current
licensee of the HDI technology.

TECHNICAL DESCRIPTION

The KGD HDI process begins with the die placed
nearly edge to edge on either a flat substrate or one milled
to have a “well” for each chip. An overcoat polymer
(proprietary formulation) is spray coated onto the bare
chips, which provides protection from handling, probing,
or processing induced damage (the coating is not her-
metic). The GE HDI laser drilling process is then applied
to “drill” via holes to the die bond pads through laser
ablation of the polyimide. Metallization is applied using a
sputtering process, and then pattemed using standard HDI
photolithography to form temporary bondpads on the
overcoat polymer which are connected to the chip bond
pads. The substrate is sectioned to separate the die, which
are placed into standard chip packages (such as PGA or
LCC) and wire bonded into place. The die are burned-in
and tested with standard fixtures and processing equip-
ment. Following bum-in and test, the wire bonds are
removed from the temporary bond pads. The die are
removed from the packages by dissolving the die attach
material in a solvent soak. The temporary bond pads are
removed with an etching step. The burned-in and tested
die are then ready for use in the end application.

READINESS LEVEL

Readiness Category:

The GE process is currently in alpha test with an
outside user and under government contract.
Equipment Status:

All HDI processing equipment is in place at the GE
corporate research and development center in
Schenectady, New York.

Process Status:

All HDI processes are fully developed, although GE
continues to refine this technology.

Capacity issves:

The capacity is unknown at this time.
Qualification issues:

This “temporary interconnect” approach, along with a
“bare chip probe test” approach, is being demonstrated on
a 16 chip module with three complex ASIC chips and 13
SRAM chips. The temporary interconnect test approach
was used with the ASIC chips, and the final module
fabrication is now underway.

ALIGNMENT METHOD

Alignment of the bonds to die is performed by a wire
bonder.

Contact MECHANISM

This KGD approach uses temporary, removable wire
bonds on the temporary, deposited bond pads.

KEY FEATURES

Portions of HDI technology are used to produce
KGD through the use of temporary wire bond pads.

! Bare Chip Test Technigues for Multichip Modules, R.A. Fillion, R.J. Wojnarowski, W. Daum. 1992 Proceedings of the International

Electronics Packaging Society. pp. 554
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General Electric

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES:

The wire bond based technology, with required
rerouting of original aluminum bond pads, is limited to

use with die which have peripheral, aluminum bond pads.

* Wire bond approach means that die with area array
pads cannot be burned-in or tested.

¢ Process not designed to convert from array to
peripheral bond pads.

¢ Cannot accomodate incoming Au or solder bumped
die; postpassivation processing, integral to technol-
ogy, requires aluminum pads.

The dielectric overcoat was judged to be potentially
incompatible with GaAs.

Etching away of temporary bond pad was judged to
potentially result in a degredation in the quality of the
final bond pad surface. Qualification through chemical
and physical testing of the surface could result in a
reversal of this judgement.

Wire bonding in combination with pad rerouting
provides an uncontrolled impedance environment.

Optical inspection of the die is inhibited by the
dielectric coat.

The GE process was not penalized for additional
wafer processing , since rerouting and enlargement of
bond pads is done at the die level using HDI technology.

GE process was not penalized for number of touch-
downs, since enlarged pads will accomodate multiple
bonds.

Process FLow

1.0 Begin with bare, singulated die in wafer tape or in
waffle packs.

2.0 Pick and place the die onto flat or milled substrate,
using polymer die attach.

3.0 Apply overcoat polymer layer (spray coat).

4.0 Laser drill vias to the die bond pads.

5.0 Sputter metallization over surface.

6.0 Apply photoresist.

7.0 Use GE laser scan patterning system to align and
expose, forming temporary bond pads over the
overcoat polymer.

8.0 Etch away unwanted metallization.
9.0 Resist strip.
10.0 Saw the substrate to separate chips.

11.0 Pick and place the die with repatterned temporary
bond pads into standard packages (such as PGA or
LCC).

12.0 Wire bond to the temporary bond pads on the
polymer overcoat.

13.0 Bum-in packaged ICs.

140 Test packaged ICs.

15.0 Remove wire bonds from temporary bond pads
with bond pull equipment.

16.0 Dissolve die attach polymer in solvent soak,
remove from package.

17.0 Etch off metallization over polymer on chip.

18.0 Place tested and burned-in chip, with polymer
overcoat layer, into packaging for delivery.

ADVANTAGES
 Uses existing wire bond assembly equipment.

* Removal of temporary bond pads used for burn-in
and test of die, elimates concem for their condition
afterwards.

» Standard, existing package may be used. No change
in burn-in and test equipment, sockets, or parameters
is required.

DISADVANTAGES

» Cost increases with pin count since both assembly
and disassembly are done one pin at a time.
» Economic reuse of package is limited.

¢ See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES

CONCERNS

* Addition and removal of temporary die bond pads
may adversely affect original die pads to which final
assembly bonds are made.

* Removal of die attach material may not be easy and/
or may affect quality and ease of final assembly.

 Addition of coating provides additional environmen-
tal protection for die. Since coating is added to
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singulated die, wafer fab is not affected. However, = SUPPLIER BUSINESS INFORMATION
handling of singulated die may be cumbersome and

potential for introducing handling damage and * General Electric
i & Corporate Research and Devel t Center
defects is high. In addition, laser process for opening P(())rp‘l;ox h esearc velopmen

bond pads may be difficult to establish and/or Schenectady, NY 12301

control.
¢ Primary Business: Electrical equipment
EQuiPMENT REQUIRED o
. . . ¢ Total Employees:
GE considers the equipment used and specifics about e 1992 Sales:

the HDI process to be proprietary; the KGD assurance
equipment used after wafer processing consists of a wire
bonder, bond pull equipment, a solvent bath, and etch CoONTACTS:

equipment. Ray Fillion
PHONE: (518) 387-6199
Cost FAX: (518) 387-5442
Cost Factor Comment Cost
Wafer Processing | Reroute required $3%
Materials Cost/Use | Low number of uses $38
Assembly, Assembly increases with /O}  $$$
Disassembly count; disassembly time highy
MCC Cost Judgement
CoMMENTS

Texas Instruments has been granted a license to use
the GE HDI technology, and GE is willing to license this
technology to other vendors for use in providing KGD.
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Supplier:|GENERAL ELECTRIC Method:  HDI |
TAG Requirements Specification Meets TAG? Weight Score
Device Type Rules Z i 0 |
BiPolar Accept Y : 2 | 2
CMOS Accept Y I 3 { 3
BILMOS Accept Y ‘ 2 | 2
Si On Insulator Accept Y 1 i 1
GaAs Accept N 1 | 0
Analog Accept Y 2 ;‘ 2
Digital Accept Y | 2 T 2
Mixed Accept ; Y 2 ; 2
Memories Accept ! Y 2 K 2
MPUs Accept i Y 2 : 2
DSPs Accept ' Y 2 : 2
Logic Accept Y T 2 2
Gate Arrays Accept ‘ Y j 2 ; 2
ASICs Accapt i Y | 2 ‘ 2
Peripheral bond pads Accept 1 Y ] 2 2
Array pads Accept N 2 0
Bumped die Accept N 2 0
Device Type Rules Subtotal 0 28
Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to1 Y 1 1
min. size tolerance 10.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance 1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9
Interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO pianarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder N 2 0
Metallurgy Changes required NO change in quality/reliability N 3 0
Interconnect Rules Subtotal 0 4
Device Design Rules 0
Change or impact required NO change Y 3 3
0
Water Fabrication Rules 0
Change or impact Required NO change Y 3 3
0
Watfer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe  'Wafer probing OK Y 3 3
New capital equipment required by fab  |NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11
Wafer Mount and Saw Rules 0
impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4
Test & Burn In - General Rules 0
BIST Capable YES Y 3 3
Basic function test YES Y 3 3
simulation/connection YES Y 3 3
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Supplier:| GENERAL ELECTRIC Method: |HDI N
TAG Requirements Specification Meets TAG? Weight ! Score
Rc compatible w/ bandwidth YES Y | 3 | 3
IBackside electrical connection YES Y E 3 i 3
Pin 1 ldentifier provided YES Y l 3 3
Contact passivaion welis up to 1.5 um YES Y : 3 3
Contact passivaion wells up to 8.0 um YES 2 | 0
Test & Bum In - General Rules Subtotal 0 I 21
Low VO Test Rules 0 |
Carrier Operation Temperature 0-125°C Y 3 ‘ 3
Contact Resistance S05Q Y 3 i 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 200um Y 3 ! 3
Min. pad dimension 100 um Y 3 3
Char. Impedance 50Q +10% N 2 0
Bandwidth 500 MH2 Y 2 2
Power handling capasity 3wW/cm2 Y 2 , 2
Min. number of tcuchdowns / die 2 Y 3 3
Low /O Test Rules Subtotal 0 21
Hich VYO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance ____|z05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0}
Pad metallization accepted(Al,Au,Solder) {ALL N 1 0
Min. pitch 150um Y 3 3}
Min. pad dimension 75 um Y 3 3
Char. Impedance 50Q £10% N 2 0
|Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High VO Test Rules Subtotal 0 21
Burn in Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 200um Y 3 3|
Min. pad dimension 100 um Y 3 3
Power handiing capacity 3 W/cm2 - 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 22
Pack & Ship Rules 0
r JEDEC KGD specification YES Y 3 3
0
inspection 0
Allow optical inspection of device YES N 2 0
0
TOTAL SCORE 0 150
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IBM
Reduced Radius Removal (R3)

GENERAL INFORMATION

With over one million die delivered, the IBM R3
system is the most mature KGD technology
available(Figure 12). IBM will perform this service
under contract at the Burlington, VT facility, or the
technology may be licensed from IBM for use by other
vendors. In the Reduced Radius Removal (R3) system,
C4 flip-chip ready die are solder-bonded to reusable
temporary carriers for test and bum-in, and then removed
from the carriers with a shearing process. The solder
bumps are reflowed to provide C4 bumped, fully tested
chips. The contact mechanism is a solder bond, and
alignment is provided by an automated system (either
mechanical or vision) in combination with the self-
alignment characteristics of solder. Thermal management
is performed through heat dissipating through the bonds
to the carrier for most applications, and an optional heat
spreader may be placed on the back side of the die for
high power chips. This technology is in production.

TeCHNICAL DESCRIPTION

In April 1990, IBM qualified their Reduced Radius
Removal (R3) system for providing Known Good Die to

1BM R3 KGD Carrier

Figure 12. IBM R3 KGD Carrier

both internal and external customers. This has since
become a well established, mature process for providing
known good die, although it is strictly for the Controlled
Collapse Chip Connect (C4) flip-chip die attach process.
To date, over 1,000,000 R3 KGD have been shipped to
customers. [BM has developed a set of ceramic carriers
with a variety of footprints to accommodate die from 6
mm x 6 mm to 18 mm x 18 mm, with up to 2700 total C4
bumps. These carriers are compatible with existing test
and burn-in equipment.

The R3 process requires that the incoming die have
C4 solder bumps. The ceramic PGA carriers are pattensd
with an array of solder pads which have a reduced radius
relative to the C4 bumps on the die. Initial alignment is
done through an automated process, either mechanically
or with a vision system. The solder provides characteristic
self-alignment and a temporary attach. Final attachment is
made using standard reflow and deflux processes. Lastly,
a temporary metal cap is placed over the die to create a
“packaged” IC with a PGA pinout configuration. After
burn-in and test, the die is removed from the carriers
using a shearing process. The reduced radius of the carrier
pads makes this the weakest mechanical point of the bond
and the shearing action breaks the solder cleanly at the
connection point between die and carrier bumps. After
disassembly the die are reflowed to reform the solder
bumps. The burned-in and tested C4 die is ready for final
assembly and the carrier is ready for reuse.

Although carriers are reusable, the number of uses is
limited and is presumably less than the potential number
of uses for most temporary contact KGD technologies.
Another limitation to this technology is the number of C4
bumps which can be sheared using the current disassem-
bly technique. However, this number is quite large (2700)
and would be unlikely to affect most die. In addition,

IBM is investigating altenate shearing strategies to
accommodate a larger number of I/O.

READINESS LEVEL
Readiness Category:
This technology is currently in production.




——

Equipment status:

Al necessary equipment is in place and operatiny at
IBM, Burlington.

Process status:

The process is completely developed for all IC types.
Capacity issues:

IBM is the only volume KGD supplier currently

18M (R3)

bumping process requires aluminum pads as initial
surface.

* C4 process requires a minimum of 100 C4 bumps
per die; therefore, smallest die size is approximately
100 mils on a side; TAG calls for ability to accom-
modate 50 mil die.

IBM R3 process was not penalized for pad damage or

available. IBM is currently seeking to “grow” this service number of touchdowns, since contact is solder-to-solder
as a profit center, and has made the necessary investments and both die and carrier bumps can be restored by reflow.

to provide volume production.

Most IC fabrication facilities are not equipped to
provide solder bump processing on their products. IBM is
equipped and accustomed to performing this task. This
implies that the die be provided in wafer format. Contact
IBM for details.

Qualification issues:

IBM has completed extensive in-house qualification of

the R3 process at die, module and system levels. One
million die have been shipped since 1990. Qualification

has been completed on die with up to 2700 total C4 bumps.

ALIGNMENT METHOD

The C4 bonding process is self-aligning after a rough
mechanical placement.

ConTAacT MECHANISM

Contact to die is made by reflow of C4 bumps to
solder ball bonds on the carrier.

KEY FEATURES

R3 is a proven and qualified process for C4 flip chip
KGD.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The C4 based technology is limited to use with die
which have solder bumped bond pads.
* R3 process not defined for use with Al or Au pads.
* Additional wafer processing required (solder-bump-
ing).

 Cannot accommodate incoming Au bumped die: R3

process not defined for use with Au bumps; C4-

PRrOCESS FLOW DESCRIPTION

1.0 Begin with singulated, C4 bumped die.
2.0 Inspect.
3.0 Attach die to carrier by applying flux, aligning and
placing die.
4.0 Reflow and deflux assembly.
5.0 Clamp protective lid over assembly.
6.0 Bum-in.
7.0 Test.
8.0 Unclamp and remove lid.
9.0 Remove die from carrier by shear.
10.0 Return carriers to inventory for reuse.
11.0 Reflow C4 bumps on die.

12.0 Inspect
13.0 Load die into packaging for delivery to customer.

ADVANTAGES

* Uses existing C4 assembly equipment.

* Reflow of C4 die after bum-in and test ensures
bumps are in good condition for final assembly.

* Mature technology, currently in use with over one
million parts delivered.

* Burn-in and test parameters (speed, power dissipa-
tion, etc.) are the same as for a die in a single chip
package.

» Easily accommodates high I/O (>200) die, for
relatively low additional cost.

* Thermal management provided by bump contacts.
Use of backside thermal grease for additional

control is not a concem in final assembly assuming a
flip chip application.




1BM (R3)

IDISADVANTAGES

* Number of uses per carrier is low.

¢ See also NoONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES

CONCERNS

* Selection of this technology means that wafers must
be solder bumped, which limits final assembly
options. Defects also may be introduced. If preferred
final assembly requires solder bumps (e.g., C4) then
cost of wafer bumping is value added.

EQurPMENT REQUIRED
Item Cost Throughput
Pick and place system $150- 6-10 die/min

$300K

C4 solder reflow system $100K 30-80 die/min
Flux removal system $150K 10-30 die/min
Capping System $10K 30-50 die/min
Cap removal $20K 6-10 die/min
Mechanical shear $150K 6-10 die/min
removal system

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

The pick and place system would require a robot with
four degrees of freedom that is either fully automatic
(pattern recognition), or semiautomatic (manual fiducial
entry). The system uses either mechanical or a vision
system for use in registering the die to the carrier within
the needed tolerance. Vertical force sensing and control
for die handling would be required. The C4 solder reflow
and deflux stations would require a multiple stage belt
oven that is computer controlled. The capping system
would install the carrier lid prior to burn-in and functional
test. The cap removal system would remove the carrier lid
after burn-in and functional test operations. The mechani-
cal shear removal system removes the die from the
carrier. The removal system must be able to secure the die
after removal to prevent the die from being damaged.

Cosr

Detailed cost information was preseated by IBM at
the MCC KGD Technology Supplier Forum on 13 May
1993.

38

Cost Factor Comment ~ Cost
Wafer Processing | Solder bumps $$
Materials Cost/Use |Relatively low # of uses
Assembly, . .
Disassembly Cycle times moderately hlgl‘l 38
MCC Cost Judgement
CoMMENTS

This is the only mature, volume oriented KGD
process available now. IBM is best positioned to service
the C4 KGD market.

SuPPLIER BUSINESS INFORMATION

* International Business Machines Corporation
Old Orchard Road
Armonk, NY. 10504
(914) 765-1900

* Primary Business: Electronics, Computers
* Total Employees: 300,000
* 1992 Sales: $64.6B

CoNTACTS
Technical questions: Gary Hill
Dept. N39, Bldg. 962-2
1000 River Road
Essex Junction, VT 05452-4299
PHONE: (802) 769-3449
FAX: (802) 769-1249

Licensing: Mike Krueger
Dept. N80, Bldg. 962-1

IBM Corporation

1000 River Road

Essex Junction, VT 054524299
PHONE: (802) 769-3356

OEM Services: Don Swietek
Dept. 585, Zip 2E 1580
IBM Corporation

Route 52

Hopewell Junction, NY 12533
PHONE: (914) 892-5583




Supplier:||IBM | Method:|RA3
TAG Requirements Specification ' Meets TAG7 Weight Score
Device Type Rules * 0
BiPolar Accept Y 2 2
CMOS Accept Y 3 3
BICMOS Accept Y 2 2
Si On insulator |Accept Y 1 1
GaAs Accept Y 1 1
Analog Accept Y 2 2
Digital Accept Y 2 2
Mixed Accept Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept Y 2 2
Bumped die Accept N 2 0
Device Type Rules Subtotal 0 31
Wafer/Die Size Rules 0
Size 2.5K-500K mil2 N 2 ol
jmax. aspect ratio 3to1 Y 1 1
min. size tolerance +0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 7
Interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
|Metallurgy accepted Al, Au, Solder N 2 0
Metallurgy Changes required NO change in quality/reliability Y 3 3|
Interconnect Rules Subtotal 0 7
Device Design Rules 0
[Change or impact required NQ change Y 3 3
0
Wafer Fabrication Rules 0 ]
[Change or Impact Required NO change N 3 0l
0
Wafer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe Wafer probing OK Y 3 3
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3]
Acceptabie probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11
Water Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
" Wafer Mount & Saw Rules Subtotal 0 4
Test & Bum In - General Rules 0
|BIST Capable YES Y 3 3]
Bagsic function test YES Y 3 3
|simulation/connection YES Y 3 3
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Supplier:{iBM Method: |R"3
TAG Requirements Specificaticn Meets TAG?A Weight Score

Rc compatible w/ bandwidth YES i Y 3 3§
Backside electrical connection YES i Y 3 3
Pin 1 Identifier provided YES f Y 3 3
Contact passivaion wells up t0 1.5 um YES i Y 3 3
Contact passivaion wells upto 8.0 pm | YES i 2 0
Test & Bum In - General Rules Subtotal 0 21

Low VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance s05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Char. Iimpedance 50Q £10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 3W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3|
Low VO Test Rules Subtotal 0 25

High /O Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3]
Min. Clock Freq 100 MH2 Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Soider) [ALL N 1 o]
Min. pitch 150um Y 3 3
Min. pad dimension 75 um Y 3 3]
Char. impedance 50Q +10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/ecm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High /O Test Rules Subtotal 0 25

Bumn In Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance <050 Y 3 3|
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metaliization accepted(Al,Au,Solder) (ALL N 1 0
Min. pitch 200um Y 3 3§
Min. pad dimension 100 um Y 3 3
Power handling capacity 3 W/em2 - 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 24

Pack & Ship Rules 0
I.E' JEDEC KGD specification YES Y 3 3

0

|inspection 0
Allow optical inspection of device YES Y 2 2

0
TOTAL SCORE 0 163




Micron Semiconductor, Inc.

MICRON SEMICONDUCTOR, INC.
Softool

GENERAL INFORMATION

The Micron Softool process has been used for initial
production of low pin count KGD by Micron, and this
technology has been licensed to Chip Supply, Inc. for use
in providing KGD to the general market. Die are placed
into packages with a temporary die attach, and “soft” wire
bonds are made to the die bond pads for test and bum-in.
The wire bonds are then pulled off the die bond pads, and
the die are removed from the packages and are ready to
use as KGD. The contact mechanism is a “soft” wire
bond, and alignment is performed by the wire bonder.
Thermal management is performed by the package. This
technology is currently in production.

TBECHNICAL DESCRIPTION

A “soft” wire bond is used at the die bond pad.
Control of the amount of force is critical. After burn-in
and test, each wire is pulled individually. Time and care is
required in order to prevent critical die pad damage.

READINESS LEVEL
Readiness Category:

This technology is currently in production.
Equipment status

The Softool process uses existing standard wire bond
and modified pull test equipment.
Process status

The process has been optimized for single sourced
aluminum.
Capacity issues

Micron will supply their own chips as KGD using the
Softool process, but is not prepared to accept die from
other manufacturers; for this, contact Chip Supply.
Softool is limited in bond pad pitch, total /O count, and
in throughput, especially as 1/O counts increase.
Qualification issues

The Softool process is currently in use at Micron to
supply SRAM and DRAM ICs to customers. Micron has
licensed this process to Chip Supply to allow them to
supply die to the commercial market.

ALIGNMENT METHOD
Alignment is performed by a wire bonder.

CoNtACT MECHANISM
Contact is made with temporary wire bonds.

KEY FEATURES

Technology uses standard packages with removable
wire bonds.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES
The wire bond based technology is limited to use
with die which have peripheral, aluminum bond pads.
¢ Wire bond approach means that die with area array
pads cannot be burmed-in or tested.
* Process not designed to convert from array to
petipheral bond pads.
* Softool process not defined for use with Au or
solder bumps.

The Softool process is limited to a single touchdown.

Removal of temporary bond was judged to likely
result in a degredation in the quality of the final bond pad
surface through physical damage.

Wire bonding is an uncontrolled impedance environ-
ment.

Process FLow

1.0 Begin with bare finished die on wafer tape or in
waffle packs

2.0 Pick and place in standard package, using a
temporary die attach.

3.0 Wire bond, using a soft adhesion wire bond.

4.0 Burn-in.

5.0 Test.

6.0 Remove wire bonds using modified bond puil
equipment.
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Micron Semiconductor, Inc.

7.0 Remove die from package. Dissolve thermoplastic
die attach with solvent bath, or by heating package
to reflow.

8.0 Transfer die to delivery packaging.

ADVANTAGES

 Uses existing wire bond assembly equipment.

 Standard existing package may be used. No change
in burn-in and test equipment, sockets or parameters
is required.

* Demonstrated technology, currently in use.

* Low cost entry, suitable for prototyping and low
volumes.

DISADVANTAGES

¢ Cost increases with pin count since both assembly
and disassembly are done one pin at a time.

» Economic reuse of package is limited.

* Removal of temporary wire bonds done one at a
time is time consuming and potentially damaging to
die bond pad.

¢ See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES

CONCERNS

+ Soft bond assembly process may be difficult to
optimize and control. Variations in Al from different
die manufacturing make setting bond parameters
difficult. Bond must be strong enough to survive
handling, burn-in and test, yet weak enough to be
cleanly and easily removed afterwards.

e Removal of die attach material may not be easy and/
of may affect quality and ease of final assembly.

EQuMENT REQUIRED
Item Cost Throughput
Pick & place system $150- 2K-7.2K
$300K
Wire bonder $120K 5 wires/sec
Wire pull system $100K 5-10 wires/min
Die removal system $100K 20 die/hr

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

The pick and place system would require a robot with
four degrees of freedom that is either fully automatic
(pattem recognition), or semiautomatic (manual fiducial
entry). The system would require a vision system for use
in registering the die and the thermoplastic preform to the
carrier within the needed tolerance. Vertical force sensing
and control for die handling would be required. In order
to attach the die to the temporary package, a heated platen
or end effector would be required to reflow the thermo-
plastic material. The wire bonder required would be a
gold or aluminum ball bonder that is either fully auto-
matic (pattern recognition) or semiautomatic (manual
fiducial entry). To remove the die from the temporary
package, a heated platen or end effector would be re-
quired to reflow the thermoplastic matenial. Depending on
the residual strength on the attach material after reflow,
the end effector would use either vacuum or another
adhesive material to remove the die from the temporary
package. The wire pull system would consist of a stan-

dard manual wire pull tester.

Cost

Cost Factor Comment Cost
Wafer Processing $
Materials Cost/Use |Low number of uses b AN
Assembly, Assembly increases w/l/O | $$$
Disassembly count;disassemblytimeh@i

MCC Cost Judgement
CoMMENTS

This technology for KGD is currently available. This
approach does not require the wafer processing and bond
pad reforming that the Elmo approach requires, and does
not leave a clipped ball bond at the pad site when the
process is complete. It does still impose a number of
significant restrictions, a relatively low throughput, and
relatively high cost.
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SureLIER BUSINESS INFORMATION

¢ Micron Semiconductor, Inc.
2805 E. Columbia Rd.
Boise, ID 83706
(208) 368-4000

* Primary Business: Semiconductors
¢ Total Employees: 4,200
* 1992 Sales: $323.5M

CoNTACTS

Gene Cloud, Micron
PHONE: (208) 368-3951
FAX: (208) 368-4617

Jim Rates, Chip Supply
PHONE: (407) 296-5604
FAX: (407) 290-0164
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Supplier:|Micron Method: | Softool
TAG Requirements Specification Meets TAG? Weight Score
Device Type Rules 0 |

BiPolar |Accept Y 2 2
CMOS Accept Y 3 3
BICMOS Accept Y 2 2
Si On Insulator Accept Y 1 1
GaAs Accept Y 1 1
Analog Accept Y 2 2
Digital Accept Y 2 2
Mixed Accept Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept N 2 0
|Bumped die Accept N 2 0|
Device Type Rules Subtotal 0 29

Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
|max. aspect ratio 3to1 Y 1 1
min. size tolerance $0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9

interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Soider N 2 0
Metallurgy Changes required NO change in quality/reliability N 3 0
interconnect Rules Subtotal 0 4

Device Design Rules 0
Change or impact required NO change Y 3 3|

0

Water Fabrication Rules 0
Change or Impact Required NO change Y 3 3

0

Water / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe  |Wafer probing OK Y 3 3|
New capital equipment required by fab NO new equipment req'd Y 2 2
|Probe contact to passivation NO probe contact Y 3 3]
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11

Water Mount and Saw Rules 0
| on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4

Test & Burn In - General Rules o
|BIST Capable YES Y 3 3
|Basic tunction test YES Y 3 3
Isimutation/connection YES Y 3 B




Supplier:Micron Method: | Softool |
TAG Requirements Specification Meets TAG7 Weight | Score

Re compatible w/ bandwidth YES Y 3 | 3
Backside electrical connection YES Y 3 ! 3
Pin 1 Identifier provided YES Y 3 ‘ 3]
Contact passivaion wells up 10 1.5 um YES Y 3 3
Contact passivaion wells up to 8.0 um YES 2 0
Test & Bum In - General Rules Subtotal 0 21

Low VO Tes’ Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted{Al,Au,Solder) |ALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 pm Y 3 3
Char. Impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 3w/em2 Y 2 2
Min. number of touchdowns / die 2 N 3 0
Low VO Test Rules Subtotal 0 18

High YO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 150um Y 3 3|
Min. pad dimension 75 um Y 3 3|
Char. Impedance 50Q +10% N 2 0
Bandwidth 500 MHZz Y 2 2
Power handiing capacity 10W/em2 Y 2 2
Min. number of touchdowns / die 2 N 3 0]
High VO Test Rules Subtotal 0 18

Bum In Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance £05Q Y 3 3|
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3]
Power handiing capacity 3 W/ecm2 - 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 N 3 0
Bum In Rules Subtotal 0 19

Pack & Ship Rules 0
JEDEC KGD specification YES Y 3 | 3|

0

inspection 0
Allow optical inspection of device YES Y 2 2

0
|TOTAL SCORE 0 | 144

45




MCNC
Ruusable Burn-In and Test Substrate (BATS)

GENERAL DESCRIPTION

A KGD technology for solder bumped chips has been
developed by the Microelectronics Center of North
Carolina (MCNC). This is a carrier-based approach
utilizing a proprietary metallurgy and dejoin process
(Figure 13). Die are attached to a carrier for test and burn-
in, after which the dejoin process weakens the metallurgi-
cal connection between die and carrier, allowing for easy
removal of the die. The contact is a sacrificial metal, and
rough alignment is performed by a C4 flip chip bonder.
The wettable sacrificial metal provides a final self-
alignment. Thermal management is provided by the heat
dissipating through the bond pads for normal applications,
and an optional heat spreader may be placed on the
backside of the die for high power applications. MCNC is
currently developing this technology, and plans to make it
available for licensing when development is complete.

TecHNICAL DESCRIPTION

The MCNC KGD method uses a temporary metallur-
gical connection between IC solder bumps and a reusable
multilayer ceramic carrier. The temporary metallurgical
connection is a solder-wetted sacrificial thin-film metalli-
zation over a nonwettable thick-film metallization pattern.
The die is attached to the carrier using a standard flux and
reflow operation. After bum-in and test, the IC is re-
moved from the carrier with a special dejoin process
which causes the sacrificial metal to dramatically reduce
its connective strength. The IC then can be removed with
very little force. After processing, the substrates are
recycled by cleaning and redepositing the sacrificial thin-
film metallization.

An adaptation of this method also allows for transfer
of solder bumps from the carrier to the device. This
permits use of die with aluminum bond pads. In this
variation, a sacrificial thin film metal is deposited on the
carrier over nonwettable metallization. Solder bumps are
then deposited over the sacrificial metal. The die is

Soider Bumps on Substrate,
UBM"* on the die for Solder
Bump Transfer

*UBM is the solerable Under-Bump Metallurgy Multi-Chip Module
Figure 13. Reusable Burn-in And Test Substrate (BATS)

---------

LI
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prepared by depositing a thin film barrier metal and a
wettable nonsacrificial metal cver the bond pads in wafer
form. The die is bonded to the carrier in the normal
fashion and processed through burn-in and final test.
During the dejoin process, the solder bump de-wets from
the carrier and stays with the die. The carrier can then be
reused by replacing the sacrificial metal and the solder
bumps.

Another adaptation currently beginning development
allows for burn-in and test of wire bond and TAB ICs by
relocating the solder bumps over the passivation using an
aluminum redistribution metallization layer.

REANINESS LEVEL
Readiness Category:

This technology is curmrently in development.
Equipment Status:

All necessary equipment is in place at MCNC.
Process Status:

Working processes for depositing sacrificial metal on
carriers and solder bump transfer have been developed,
and ae currently being refined for production use.

Capacity Issues:

MCNC is research and development facility with
prototype capability only.
Qualification Issues:

In-house testing has been performed on between 300
to 400 devices.

ALIGNMENT METHOD

Self-alignment of the solder joints follows a rough
automated vision-based alignment.

Contact MECHANISM

The contact between die and carrier is made with a
sacrificial metal that provides a metallurgical bond during
test and burn-in.

KEY FEATURES

The BATS technology is characterized by a tempo-
rary metallurgical bond requiring low removal force.
High I/O counts are possible. 1679 I/O has been demon-
strated.

MCNC

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The BATS technology is limited to use with die
which have solder bumped bond pads.

* BATS process not currently defined for use with Al
or Au pads, although development efforts are
underway.

* Additional wafer processing (solder-bumping)
required (MCNC can bump wafers).

* Cannot accommodate incoming Au bumped die:
BATS process not defined for use with Au bumps.

Use of sacrificial metal was judged to potentially
result in a degradation in the quality of the final bond
surface. Qualification through chemical and physical
testing of the surface could result in a reversal of this
judgement.

The BATS process was not penalized for number of
touchdowns, since sacrificial metal does not affect ability
to repeat the process.

ProCESs FLow DESCRIPTION

1.0 Begin with bumped die on wafer tape (sawn) or in
waffle pack type packaging.
Assembly

2.1 Pick, align, and place inverted die on ceramic
substrate with flux.

2.2 Reflow the solder in a multizone belt furnace.
2.3 Remove flux residues in semiaqueous cleaner.
Test.

Bum-in.

Disassembly

5.1 Reflow the solder in a multizone belt furnace
with flux.

20

30
40
50
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Remove flux residues in a semiaqueous cleaner.
Pick the die off the carrier and place in package
for delivery.

Recondition the substrate by redepositing the
sacrificial metal.

54

47




MCNC

ADVANTAGES

o Uses existing solder bump (flip chip) assembly
equipment.

* Bumn-in and test parameters (speed, power dissipa-
tion, etc.) are the same as for a die in a single chip
package

« Easily accommodates high /O (>200) die for
relatively low additional cost.

» Thermal management provided by bump contacts.
Use of thermal grease for additional control nota
concemn in final assembly assuming a flip chip
application.

DISADVANTAGES

 Solder bumping of die by transfer from carrier
requires remetallization of carrier after each use.

¢ See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES.

CONCERNS

* Selection of this technology means that wafers must
be solder bumped which limits final assembly
options. Defects may also be introduced. If preferred
final assembly requires solder bumps, then cost of
wafer bumping is value added.

» Addition of solder bumps by transfer from carrier
still requires wafer-level processing in the form of
barrier added. Process may be difficult to optimize.

EQUIPMENT REQUIRED

A flip chip aligner/bonder is used for die to carrier
assembly. Thin film metallization plating equipment
required to plate sacrificial metals on carrier.

Cosr

MCNC current cost models indicate, at manufacturing
volumes, the BATS processing cost including equipment
amortization, substrate amortization, materials, and labor
will range from $1.62 per die (< 100 1/O) to $5.40 per die
(<2500 I/O). Test and bum-in charges not included.

Cost Factor Comment Cost
Wafer Processing | Solder bumps
Materials Cost/Use | Relatively low # of uses
Assembly, . .
Disassembly Cycle times moderately high
MCC Cost Judgement
COMMENTS

The solder bump transfer capability is an innovative
idea. By relegating the solder bump piocess to the carrier,
device yield loss from this step can be avoided, and econo-
mies of scale can be achieved even for short run devices.

SurrLIER BUSINESS INFORMATION

* Microelectronics Center North Carolina
Electronic Technclogies Division
3021 Cornwallis Road
Research Triangle Park, NC 27709-2889

* Primary Business: Research and development
e Total Employees: 275

*» 1992 Sales:

CoNrtACT

Glenn A. Rinne
(919) 248-1941




Supplier:[MCNC Method: Burn-in and Test Subs
TAG Requirements Specification Meets TAG? Weight Score
Device Type Rules ' : 0 !
BiPolar Accept Y ’ 2 ! 2
CMOS Accept Y 3 1 3
[BiICMOS Accept Y 2 ! 2
Si On Insulator Accept y | 1 & 1
GaAs Accept Y | 1 : 1
Analog Accept Y 2 | 2
Digital Accept Y 2 | 2
Mixed Accept Y 2 i 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept Y 2 2
Bumped die Accept N 2 0
Device Type Rules Subtotal 0 31
Water/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to1 Y 1 1
min. size tolerance +0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9}
|interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder N 2 0
Metallurgy Changes required NO change in quality/refiability N 3 0
Interconnect Rules Subtotal 0 4
Device Design Rules 0
Change or impact required NO change Y 3 3
0
Water Fabrication Rules 0
Change or Impact Required NO change N 3 0
0
Wafer / Die Probe Rules i 0
Does NOT Prohibit Use of wafer probe Water probing OK Y 3 3
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11
Wafer Mount and Saw Rules c
Impact on current practices NO ch= ;= to practices Y 2 2
Accuracy required for edge placement of di Doex NC ' require +/- 0.5 miis Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4
Test & Bumn in - General Rules 0
|BIST Capable YES Y 3 3
Basic function test YES Y 3 3
simulation/connection YES Y 3 ! 3
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Supplier:| MCNC Method: |Burn-in and Test Subs
TAG Requirements Specification Meets TAG? Weight Score

Rc compatible w/ bandwidth YES Y 3 3
Backside electrical connection YES Y ! 3 3
Pin 1 identifier provided YES Y 3 3
Contact passivaion wells up to 1.5 ym YES Y 3 3
Contact passivaion wells up to 8.0 um YES 2 0
Test & Bum in - General Rules Subtotal 0 21

Low VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £050Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 pm Y 3 3
Char. Impedance 50Q +10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 3w/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Low VO Test Rules Subtotal 0 25

High /O Test Ruies 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 150um Y 3 3
Min. pad dimension 75 um Y 3 3
Char. Impedance 50Q +10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High /O Test Rules Subtotal 0 25

Burn In Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance $05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metaliization accepted(Al,Au,Solder) [ALL N 1 0
Min. pitch 200um Y 3 3|
Min. pad dimension 100 um Y 3 3
Power handling capacity 3 w/em2 - 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 24

Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3

0

Inspection 0
Allow optical inspection of device YES Y 2 2

0
TOTAL SCORE 0 162
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Temporary Contact Approaches to KGD

Acsist

Aehr Test Systems

Fresh Quest

IBM

MCC

Micron Semiconductior (KGD Plus)
Packard Hughes

Plastronics

Qualhi

Sandia National Lab

TUMMS

TRIBOTECH

Yamaichi
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ACSIST Associates

ACSIST ASSOCIATES INC.

Particle Interconnect

GENERAL INFORMATION

ACSIST plans to apply their patented Particle
Interconnect (PI) technology into a TAB slide type carrier
in order to take advantage of the existing base of TAB
processing equipment. The interconnect would be built
with ACSIST laminate capabilities, and other parts of the
carrier mechanism provided by partners. The contact
mechanism would be based on the piercing action of the
particle interconnect. Plans are to use meanical or optical
alignment of the die to carrier interconnect. This product
is currently conceptual, and ACSIST intends to enter into

a partnership agreement with another company to develop
the mechanical portions of the carrier.

TECHNICAL DESCRIPTION

ACSIST Associates has a patented contact methodol-
ogy, Particle Interconnect (PI) for forming separable or
permanent interconnections with minimal damage to the
surface(s) being probed. PI forms a connection by
utilizing a piercing action to penetrate any surface oxides.
This interconnect technology has been successfully
applied in a number of commercial test applications for
packaged ICs, and is also currently being utilized for
testing MCM-L substrates which are manufactured by
ACSIST. In addition, this interconnect technology is
being used by one external customer to test high I/0, flip
chip ready, area array solder bumped integrated circuits.

ACSIST is currently developing a miniaturized
version of Particle Interconnect on a laminate probe slide
frame similar to TAB tape frames. These will be compat-
ible with industry JEDEC) standard TAB test carriers
and sockets. The initial probes will have the capability of
contacting peripheral bond pads on an 8 mil pitch and
area array bond pads on a 20 mil pitch, with subsequent
development (during 1994/95) to 3.8 mil pitch bond pads.
These size limitations are a function of the interconnect
rather than the particle technology. The membranes will
have an integral compliance capability to accommodate
the minor planarity variations of either the membrane
probe or the device under test. In addition, PI technology
may be incorporated directly on burn-in boards to
increase the density of components on those boards. The
condition of the die pads after use of this interconnect is
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unknown and may be dependent on metallurgy and
configuration (e.g., thin Al pads vs. thick solder bumps).
The number of uses per particle interconnect and required
maintenance (cleans) are unknown. ACSIST will enter
into strategic relationships to deliver an integrated
solution for KGD.

READINESS LEVEL
Readiness Category:

This technology is conceptual.
Equipment status:

Assembler/disassembler equipment is currently
conceptual. Assembly/alignment and disassembly would
have to be performed manually until this equipment is
ready.

Process status:

Particle deposition and coating processes are still in
development. ACSIST is currently working under a
research grant to extend their membrane laminate inter-
connects to a 3.8 mil pitch capability, and also continuing
development of the particle contact system. A generic
carrier assembly process has been described, but ACSIST
points out that each user may modify the process for
insertion into their own process flow. Details of the
“integral hold down mechanism” remain concealed, but
indicate that it is a simple clamping action after align-
ment.

Capacity issues:

Production capacity for making laminate based
membrane probes suitable for area array solder bumped
ICs available now,

Quualification issues:
Some contact resistance work has been performed.

ALIGNMENT METHOD

Alignment methodologies will depend on the carrier,
which has not yet been defined. Provisions for mechani-
cal alignment (fiducials) can be fabricated on the mem-
brane; this will require precision sawing of the die. In
lieu of accurate sawing, optical alignment must be used.




ACSIST Associates

ContacT MECHANISM

Extremely hard conductive particles (typically, plated
diamond) pierce oxides without scrubbing, with compara-
tively small normal force applied. Particles may be as
small as one micron, and several choices of metallurgy
are available.

KEY FEATURES

Particles are used to make contact between the die
and interconnect. Membrane probe sets (slides) will be
designed to fit JEDEC TAB slide carriers and sockets for
test and burn-in.

NON-COMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The current choice of interconnect limits the technol-
ogy to an 8 mil pitch and a 100 micron bond pad. Devel-
opment plans call for an approach which will allow
ACSIST to meet the TAG High /O limits of 6 mil pitch
and 75 micron pads.

PROCESS FLOW DESCRIPTION (CONCEPTUAL)
1.0 Begin with die in waffle pack or sawn on wafer
tape.
2.0 Place die in PI membrane slide.
3.0 Activate integral hold down mechanism.

4.0 Insert PI membrane slide into standard JEDEC
TARB slide carrier; close lid.

5.0 Bum-in.
6.0 Test.

7.0 Deactivate integral hold down mechanism and
remove die from PI membrane, placing die into

delivery packaging.
8.0 Inspect.

9.0 Clean and return PI membrane and TAB slide
carrier for reuse.

ADVANTAGES
* Piercing action may enhance contact reliability.
» Contact mechanism proven in packaged ICs.

IDISADVANTAGES

* Technology is be pitch limited nows.

* See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES.

CONCERNS

* Nonuniform particle size and piercing action may

cause pad damage, especially for nonplanar die with
thin metallization.

* Size grading and sorting of particles may be costly.

* Frequency and method for cleaning contacts is
unknown. Robustness to clean may depend on
materials selection.

* Ultimate use and value of this contact technology is
dependent upon carrier and interconnect selection.

EQUIPMENT REQUIRED
Item
Assembler/disassembler

Cost
$50K (man.)
$250K (auto)

Throughput |
100/hr (man)

1000/hr (auto)

The equipment for automated operation would require a
high speed pick and place robot with six degrees of
freedom and end effector control. Depending on the
precision of the sawn devices, the system would require a
vision system with pattern recognition for registering the
die to the PI membrane slide to the required tolerance.
Z-axis force control and sensitivity would be required
particularly for delicate materials such as GaAs. If die
can be presented to the pick and place unit in a face down
orientation, it would eliminate the need for adding the
equipment to invert the die. This may be accomplished
by using reversible chip trays or waffle packs which
would present the back side of the die to the manual or
automatic pick and place equipment.




Cost

The following information was supplied by ACSIST.

Tooling of PI membrane slides would range from $3K to
$5K. Lead time for new designs would be four to six
weeks, and lead time for repeat orders would be two
weeks or less. The TAB slide frame carriers and sockets
are currently commercially available from multiple

suppliers.

Cost Factor Comment Cost

Wafer Processing $

Materials Cost/Use Size g{ading of particles $$
required

Assembly, Dependent on carrier
Disassembly approach
MCC Cost Judgement

ACSIST Associates

COMMENTS

This contact methodology may be best suited for
bumped die, since there is less need to control particle
size and penetration.

SupPPLIER BUSINESS INFORMATION

* ACSIST Associates
3965 Meadowbrook Road
Minneapolis, MN 55426
(612) 931-1300

* Primary Business: Printed circuit boards
* Total Employees: 130
* 1993 Sales: $14aM

CoNTACT

Carl Reynolds
PHONE: (612) 931-1334
FAX: (612) 938-3731
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Supplier:|Acsist Method: Particle Interconnect
TAG Requirements Specification Meets TAG? Weight ' Score
Device Type Rules 0 I

IBiPolar Accept Y 2 ! 2
CMOS Accept Y 3 ! 3
BICMOS Accept Y 2 1 2
Si On Insulator Accept Y 1 | 1
GaAs Accept Y 1 | 1
Analog Accept Y 2 2
Digital Accept Y 2 2
Mixed Accept Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept Y 2 2
Bumped die Accept Y 2 2
Device Type Rules Subtotai 0 33}

Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
{max. aspect ratio 3to1 Y 1 1
min. size tolerance +0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9

Interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
1C Pac planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder Y 2 2
Metallurgy Changes required NO change in quality/reliability Y 3 3|
Interconnect Rules Subtotal 0 9

Device Design Rules 0
Change or impact required NO change Y 3 3

0

Water Fabrication Rules 0
Change or impact Required NO change Y 3 3

0

Watfer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe | Wafer probing OK Y 3 3}
New capital equipment required by fab  |NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3]
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11

Wafer Mount and Saw Rules 0
impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4

Test & Bum in - General Rules 0
|BIST Capable YES Y 3 3
[Basic function test YES Y 3 3
|simutation/connection YES Y 3 3
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Supplier:|Acsist i Method:|Particle Interconnect
TAG Requirements Specification | Meets TAG? Weight Score
Rc compatible w/ bandwidth YES | Y 3 3
Backside electrical connection IYES I Y 3 3
Pin 1 Identifier provided YES | Y 3 3
Contact passivaion wells up to 1.5 um YES l Y 3 3
Contact passivaion wells up to 8.0 um YES 2 0
Test & Bum In - General Rules Subtotal 0 21
Low VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance <05Q Y 3 3
Min. Clock Freq 100 MH2 Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Char. impedance 50Q £10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 3wW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Low VO Test Rules Subtotal 0 26
High YO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3|
Contact Resistance <05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metailization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 150um N 3 0
Min. pad dimension 75 um N 3 0
Char. impedance 50Q £10% Y 2 2
Bandwidth 500 MH2 Y 2 2
Power handling capacity 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3]
High VO Test Rules Subtotal 0 20|
Burn In Rules 0
Die Temperature max 175°C Y 3 3]
Ambient temperature max 150°C Y 3 3|
Contact Resistance <05Q Y 3 3|
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3|
Min. pad dimension 100 um Y 3 3
Power handling capacity 3 W/icm2 - 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 25
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
0
Inspection 0
Allow optical inspection of device YES Y 2 2
0
TOTAL SCORE 0 169
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Aehr Test Systems
AEHR TEST SYSTEMS
Carrier/Socket
GENERAL INFORMATION to 60 milliohms) at 30 to 70 grams of contact force per

Aechr Test is developing a complete process for
handling and performing burn-in and test of bare die in
reusable carriers that are compatible with existing bumn-
in, test, and automated handling systems (Figure 14). The
development includes a family of carriers which can
handle die with up to 500 I/O. The carrier uses a deriva-
tive of the Nitto Denko ASMAT thin film interconnect.
Contact to the die is made using the nonscrubbing, oxide
piercing bumps which are an integral part of the intercon-
nect. Alignment is strictly mechanical. The carrier lid is
used as a heat spreader for thermal management. Aehr is
currently in alpha test of this carrier with a partner
company. Investments in equipment for carrier produc-
tion and an automatic loading station are also currently
being made. As a supplier of burn-in equipment and
supplies, Aehr is particularly sensitive to issues of
compatibility and automation.

TECHNICAL DESCRIPTION

The Aehr Test carrier uses Nitto Denko ASMAT thin
film interconnect to provide electrical connection between
the pads on the die and the contacts on the burn-in and
test socket. The ASMAT material is a polyimide film
which supports fine line pitch and through holes filled
with metal, forming electrically conductive bumps on the
film. Data from Nitto Denko indicates that the ASMAT
die contact interface provides a low contact resistance (50

pin. Nitto has successfully used the ASMAT technology
in probe cards for test applications. The carrier provides
the mechanical support for the interconnect and the
mechanical interface to the socket. A mechanism con-
tained within the carrier mechanically aligns the die,
interconnect, and socket interface. The hinged lid applies
a controlled force to the die and allows it to mate properly
to the substrate. Once installed in the carrier, the die is
protected from the environment. Sufficient thermal mass
is provided by the carrier to remove heat from the die.
Work by Nitto Denko indicates that damage to aluminum
bond pads due to contact with the ASMAT bumps is
minimal. Thermal life of the interconnect is expected to
be high.

READINESS LEVEL
Readiness Category:

The Aehr Test carrier is in alpha test, both in-house
and at a beta site. Aehr is currently investing in the low-
cost tooling required to produce carriers and sockets in
quantity at low cost. The current generation of carriers is
machined. Production sockets are available up to 116
pins.

Equipment status:

The die are currently loaded into carriers by hand.
An automatic loading station is in the works and is
expected to be ready by 3Q94. Carriers may be

§"\Die

<4— Hinged Lid
Die
Carrier

Figure 14. Carrier-based Approach to KGD

Carrier loaded into
bum-in socket

Bum-in Board

loaded into sockets on burn-in boards using Aehr
Test’s existing ALS-1000 automated loader/
unloader.

Process status:

The Nitto Denko film has been characterized
and is ready for use. The die loading/unloading
process is currently performed by hand, automa-
tion will follow with the auto loading station.
Capacity issues:

Production capacity for sockets is essentially
unlimited, but capacity for carrier assembly is
currently 500 to 1000 per week. This capacity is
limited by manual test and inspection throughput,

which w-"! be increased by automation. Lead




times for carriers and sockets is currently about 10 to 12
weeks ARO, which allows time for design verification.
Qualification issues:

Aehr is currently qualifying this carrier/socket for
KGD production using test during burn-in to verify
contact reliability. This qualification test data will be
made available upon request when completed. An
electrical performance evaluation is part of this qualifica-
tion, as well as mechanical/contact resistance/alignment
tests.

ALIGNMENT METRHOD

Alignment is strictly mechanical, although later a
version may offer provisions for optical alignment.

ContAaCcT MECHANISM

Bumps in the Nitto Denko ASMAT film make
contact similar to rivets by penetrating oxide without
scrubbing motion.

KEY FEATURES

Simple carrier approach depends on ASMAT
technology from Nitto Denko. Use of mechanical align-

ment offers potential for high throughput.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The current approach calls for mechanical alignment
of the die which will require a high precision wafer saw
process.

The Aehr Test technology was not penalized for die
size, although there are some concerns as to how very
small die might be handled and aligned. (TAG guidelines
say that the technology will accommodate 50 mil die).

PrOCESS FLOW DESCRIPTION
NOTE: This describes the process for assembling die
into the prototype version of the carrier, and does not
represent the process for the anticipated production
version.

1.0 Begin with die on wafer tape (sawn) or in waffle
pack type packaging

2.0 Assembly

Aehr Test Systems

2.1 Remove lid screw
2.2 Swing lid aside

2.3 Pick and place die face down in proper orienta-
tion

2.4 Rotate lid into place
2.5 Insert screw
3.0 Disassembly
3.1 Remove lid screw
3.2 Swing lid aside
3.3 Remove die with vacuum wand and place in
dclivery package
3.4 Rotate lid into place
3.5 Insert screw

ADVANTAGES

* Nonscrubbing contact may minimize pad damage,
assuming excessive force is not required to over-
come non-planarity.

¢ Contact materials and mechanism has been charac-
terized by Nitto Denko at time and temperature.

* Quick mechanical align possible for precision sawn
die.

» Company is very sensitive to compatibility and
automation issues.

 Assembly provides air tight seal for protection
during burn-in and test.

DISADVANTAGES

¢ Currently no methodology for maintaining die
placement during assembly if alignment must be
made using vision (rather than mechanical) system.

* See also NoNCOMPLIANCE WITH TECHNOLOGY
AsSESSMENT GUIDELINES

CONCERNS

* Nonscrubbing action may affect contact reliability.

* Frequency and method of cleaning contacts is
unknown. If cleaning requires scrubbing,, it may
significantly impact lifetime by weakening probe tip
to interconnect interface.

» Die saw may not be precise enough to permit
mechanical align.
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Aehr Test Systemns

EQUIPMENT REQUIRED
Item Cost Throughput
Die to carrier $150K - $300K| 2Knr-7.2KMhr
assembly station
Carrier to socket | $100- $150K = 2000/hr
assembly station

Equipment Description for Automated Process
Fully-automated system is in development.

Cost
Cost Factor Comment Cost
Wafer Processing | None required $
Materials Cost/Use |High carrier reuse $
Assembly, . .
Di bly Mechanical align $
MCC Cost Judgement
CoMMENTS

Since Aehr is a supplier of bum-in equipment, it is
expected that their solutions to KGD will be highly
sensitive to compatibility with existing bumn-in and test
processes and strategies.

SuppPLIER BUSINESS INFORMATION
* Achr Test Systems, Inc.

1667 Plymouth Street

Mountain View, CA 94043

(415) 691-9400
* Primary Business: Test and bum-in equipment
* Total Employees: 200 - 250
* 1992 Sales: $25M - $50M

CoNTACTS
Lina Prokopchak

PHONE: (415) 691-9400
FAX: (415) 691-0980

Carl Buck
PHONE: (415) 691-9400




Supplier:|AEHR Method: no name
TAG Requirements Specification Meets TAG? Weight _Score
Device Type Rules | 0 ‘
BiPolar Accept Y 2 ! 2
CMOS Accept Y 3 | 3
BICMOS Accept Y 2 1 2
Si On Insulator Accept Y 1 1
GaAs Accept Y 1 1
Analog Accept Y 2 2
| Digital Accept Y 2 2
Mixed Accept Y 2 | 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept Y 2 2
Bumped die Accept Y 2 2
Device Type Rules Subtotal 0 33
Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to1 Y 1 1
min. size tolerance +0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Watfer/Die Size Rules Subtotal 0 9
Interconnect Rules Q
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Soider Y 2 2
Metallurgy Changes required NO change in quality/reliability Y 3 3
Interconnect Rules Subtotal 0 9
Device Design Rules 0
Change or impact required NO change Y 3 3
0
Wafer Fabrication Rules 0
Change or Impact Required NO change Y 3 3
0
Watfer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe Water probing OK Y 3 3
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11
Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils N 2 0
Wafer Mount & Saw Rules Subtotal 0 2
Test & Bum In - General Rules 0
BIST Capable YES Y 3 3
Basic function test YES Y 3 3
simulation/connection YES Y 3 3
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Supplier:| AEHR Method: | no name
TAG Requirements | Specification Meets TAG7 Wsight Score
Rc compatibie w/ bandwidth YES Y 3 3
Backside electrical connection YES Y 3 3
Pin 1 Identifier provided YES Y 3 3
Contact passivaion wells up to 1.5 um YES Y 3 3
Contact passivaion wells up to 8.0 ym 'YES 2 0
Test & Bum In - General Rules Subtotal: 0 21
Low VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Char. Impedance 50Q +10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 3w/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Low VO Test Rules Subtotal 0 26
High YO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance s05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 150um Y 3 3
Min. pad dimension 75 um Y 3 3
Char. impedance S50Q +10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/ecm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High VO Test Ruies Subtotal 0 26
Burn in Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metaliization accepted(A.,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Power handiing capacity 3 W/icm2 - 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 25
Pack & Ship Rules 0 .
per JEDEC KGD specification YES Y 3 3
0
inspection 0
Allow optical inspection of device YES Y 2 2
0
TOTAL SCORE 0 173
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CALIFORNIA CONTACTS
Microbeam

GENERAL INFORMATION

California Contacts is developing a KGD technology
based on their microbeam probe technology (Figure 15).
The configuration of the socket is for making contact to
bare die, without the use of a carrier. Bare die are placed
directly into the sockets, face down, where scrubbing
style contact is made by the independently compliant
probes in the socket. Rough alignment of the die is made
mechanically by a machined chip guide and fine align is a
manual optical operation. The die is held in place by a
spring clip and pressure plate, which also serves as a heat
sink. These microbeam sockets are directly mounted on
the test and burn-in boards, where they remain, while bare
die are inserted and removed. California Contacts is in
development of this system, and they are currently under
contract to produce a small quantity of sockets and burn-
in boards. California Contacts relies heavily on subcon-
tracting to stoply components for their technology.

TECHNICAL DESCRIPTION

California Contacts plans to use their microbeam
conductor and contact system to provide a controlled
impedance interconnect environment in die sockets,
which are mounted directly on a tester load board or bumn-
in board. The microbeam contact system provides
controlled impedance to within mils of the IC bond pads,
and allows for user selection of contact metallurgies.
Electrical contact is made with traditional scrubbing

action by the microbeams, which are individually cantile-
vered. This provides compliance for even contact force
across all pads. A separate microbeam assembly is
required for each side of the die. Only die with peripheral
bond pads may be used. Initial alignment is made by
mounting each of the four microbeam assemblies on the
burn-in board and aligning each to the die. After one
alignment, the microbeam assemblies do not need further
alignment. The die are mounted into the die sockets face
down using a mechanical/manual optical alignment
system, and the die are held in place using an integrated
spring clip/heat sink. Die may be placed into and re-
moved from a test socket at the socket site, and an
assembly station for loading die into multiple site burn-in
boards is available.

The condition of bonc ~ads after use is expected to be
similar to those after conventional probe. This technology
is expected to be pitch limited. The number of uses per
microbeam assembly is expected to be moderate and may
be limited by the number of cleans.

READINESS LEVEL
Readiness Category:

This technology is in development. A customer has
begun placing orders with California Contacts for bare die
burn-in boards. Product qualification is anticipated based
on prior experience with probe card products from

fingers with choice of contact material

& Spring Load
Pressure Plate
v 4 o
Chip Guide
Chip
To test
Contact Palﬂem

Individually spring cantilevered controlied impedance contact

Figure 15. KGD Concept
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California Contacts

Equipment status:

All equipment needed for fabrication of the compo-
nents of this technology is in place at subcontractor
facilities or at California Contacts. Assembly of the die
into test sockets or burn-in boards may be performed
manually, but the normal lead time for this product allows
for design and production of a customer specific insertion
and removal station. This design is specific to the
particular bum-in boards used by each customer, due to
the direct insertion of die into the sockets on burn-in
boards.

Process status:

The assembly/disassembly is a direct insertion and
removal. No other die processing is required. The
process for fabrication of microbeam contacts has been in
place for probe card production and is well established.
Capacity issues:

A 6 to 8 week lead time is required for microbeam,
socket, and board design and fabrication. Following this
period, California Contacts is capable of delivering 5 to
10 multiple site burn-in boards per week.

Qualification issues:

Although the microbeam probe contactors have been
used for years and have demonstrated reliable probe life
of over one million touchdowns, no specific qualification
of the KGD carmier/socket has been performed. This will
be performed in conjunction with an initial order (already
pending).

ALIGNMENT METHOD

Rough mechanical placement is followed by manual
optical align.

CoNtacT MECHANISM

Proprietary microbeam contactor mechanism uses
individual cantilevered beams for compliance and
scrubbing.

KEY FEATURES

Impedance controlled interconnect is provided in this
carrier-free technology. Bare die are placed directly in
burn-in board sockets.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The probe card based technology is limited to use
with die which have peripheral bond pads with a pitch of
8 mils or greater. Development plans call for an approach

which will allow California Contacts to meet the TAG
High I/O limits of 6 mil pitch and 75 micron pads.

The current approach calls for mechanical alignment
of the die which will require a high precision wafer saw
process.

The California Contacts technology was not penal-
ized for die size, although there are some concemns as to
how very small die migit be handled and aligned. (TAG
guidelines say that the technology will accommodate 50
mil die).

PRrOCESS FLOW DESCRIPTION
1.0 Begin with bare die on wafer tape or in waffle
packs
2.0 Assemble and align Microbeam contacts on load
board and burn-in boards.

3.0 Load die and board into optical alignment station.
4.0 Align and place die into sockets on board.
5.0 Apply spring clip/heat sink to hold die in place.
6.0 Bum-in die.
7.0 Remove die from bum-in boards.
8.0 Load and align die in test load board
9.0 Test die in tester load board.
10.0 Remove Spring clip/heat sink.
11.0 Remove die from tester load board.
12.0 Place die in delivery packaging.

ADVANTAGES

» Scrubbing action may enhance contact reliability.

 Contact mechanism proven at ambient conditions in
probe cards.

+ Better than average compliance for reliable contact
to non-planar die.

 Quick mechanical align possible for precision sawn
die.
» User selectable metallurgy at probe tips.




DISADVANTAGES
* Technology is pitch limited.

e Currently no methodology for maintaining die
placement during assembly if alignment must be
made using vision (rather than mechanical) system.

¢ See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES

CONCERNS

* Scrubbing action over temperature excursions may
introduce unacceptable amounts of pad damage for
final assembly application.

¢ Alignment directly to load board or bumn-in board
1nay be difficult.

* Probe tips may require more maintenance than
average. Cleaning may shorten life of probes.

California Contacts

EQuiPMENT REQUIRED
Item Cost Throughput
Assembly station Unknown Unknown

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

The pick and place system would require a robot with
four degrees of freedom and two end effectors. The
system would require a vision system with pattern
recognition capabilities and two cameras for use in
registering the die to the carrier within the needed toler-
ance. Vertical force sensing and control for die handling
would be required. Chip inversion could be performed by
using a reversible chip transport tray which could be
flipped to present the back side of chip prior to compo-
nent acquisition . If chip inversion is performed after
component acquisition, the pick and place system must
have two robot arms. One robot arm must acquire and
rotate die, while the other arm must retrieve the die from
the back side. A custom end effector will install and
remove the carrier assembly.

Cost
Cost Factor Comment Cost
Wafer Processing $

. Probe tips require more $$
Materials Cost/Use main than average
Assembly, $
Disassembly
MCC Cost Judgement
COMMENTS

Possibility for placement of “micro-fabbed” capaci-
tors very near the pad contact points. Pad pitch down to
3.8 mils planned. Note die load directly onto burn-in
boards or load boards.

SuppPLIER BUSINESS INFORMATION

 California Contacts
1118 Walsh Avenue
Santa Clara, CA 95050
(408) 986-0930

* Primary Business: Test fixtures for electronic

components
¢ Total Employees: 3
¢ 1992 Sales: $250K — $500K
ContacT
George Isaac

PHONE: (408) 986-0930
FAX: (408) 986-9841




Supplier:|California Contacts Method: Micro Beam sockets
TAG Requirements Specification Meets TAG? Weight | Score
Device Type Rules 0
BiPolar Accept Y 2 2
CMOS Accept Y 3 3|
BICMOS Accept Y 2 I 2
Si On Insulator Accept Y 1 | 1
GaAs Accept Y 1 ! 1
Analog Accept Y 2 2
Digital Accept Y 2 2
Mixed Accept Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 i 2
ASICs Accept Y 2 ' 2
Peripheral bond pads Accept Y 2 2
Array pads Accept N 2 0
Bumped die Accept Y 2 2
Device Type Rules Subtotal 0 3
Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to1 Y 1 1
min. size tolerance +0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9
Interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder Y 2 2
Metallurgy Changes required NO change in quality/reliability Y 3 3
Interconnect Rules Subtotal 0 9|
Device Design Rules 0
Change or impact required NO change Y 3 3
0
Watfer Fabrication Rules 0
Change or Impact Required NO change Y 3 3
0
Watfer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe Water probing OK Y 3 3
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact o passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 1
Wafer Mount and Saw Rules 0
fmpact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils N 2 Y
Wafer Mount & Saw Rules Subtotal 0 2
Test & Bum In - General Rules 0
BIST Capable YES Y 3 3
Basic function test YES Y 3 3
simulation/connection YES Y 3 3
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Supplier:|California Contacts Method: | Micro Beam sockets
TAG Requirements Specification Meets TAG? Weight | Score
Rc compatible w/ bandwidth YES Y I 3 ! 3
|Backside electrical connection \'YES Y 3 ; 3
Pin 1 Identifier provided YES Y 3 ; 3
Contact passivaion wells up to 1.5 ym YES Y ! 3 : 3
Contact passivaion wells up to 8.0 um YES 2 f 0
Test & Bum In - General Rules Subtotal 0 ! 21
Low VO Test Rules 0 ‘
Carmrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Char. Impedance 50Q +10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 3W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Low VO Test Rules Subtotal 0 24
High VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance s05Q Y 3 3
Min. Clock Freq 100 MHZ Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 150um N 3 0
Min. pad dimension 75 um N 3 0
Char. Impedance 50Q +10% Y 2 2
|Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High VO Test Rules Subtotal 0 18
Bumn In Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Power handling capacity 3 W/em2 - 10W/em?2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3{
Bum In Rules Subtotal 0 23
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
0
Ingpection 0
Allow optical inspection of device YES Y 2 2
0
TOTAL SCORE 0 159
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Fresh Quest

FRESH QUEST CORPORATION
Quest Chip Carrier (QC?) and Probe Card

GENERAL INFORMATION

Fresh Quest has proposed two approaches to the
KGD problem,; the first is a carrier approach called the
Quest Chip Carrier (QC?), the second is a probe card with
controlled impedance and high operating temperature.
This document describes the carrier approach.

The Quest Chip Carrier (QC?) is a member of a
family of products based on the “Photolithographic
Pattern Plated Probe” (P4) technology developed by
Fresh Quest Corporation. This is a temporary carrier
approach, using a thin film membrane and the P4
contactor to make a scrubbing contact to the die (Figure
16). Alignment is currently using a manual optical
system, with plans for a mechanical alignment system.
Thermal management is provided by a chip support plate
which serves as a heat spreader. Fresh Quest is now alpha
testing the QC? carriers in cooperation with a chip
supplier.

TeEcHNICAL DESCRIPTION

The Quest Chip Carrier (QC?) uses a proprietary
interconnect and die contact mechanism. The carrier may

<«— Spring

| Chip Support
0 Plate

Figure 16. Exploded View of Carrier

be used for bum-in and test of die with peripheral bond
pads and pitches of 5 mil or greater. Pitch capabilities of 4
mil are targeted for 1994. The carrier itself consists of a
die contact assembly, a carrier assembly, a chip support
plate, and a spring clip which holds the assembly together
and applies contact force. Alignment may be done with a
machined alignment plate, which requires precision sawn
die, or with a machine vision system. The die assembly is
burned-in and tested using existing equipment. Disassem-
bly simply involves removal of the spring clip. Damage
to die bond pads is expected to be minor and probably the
number of uses will be moderate to high.

REeADINESS LEVEL
Readiness Category:

The Fresh Quest carrier is in alpha test. In addition to
internal evaluation of this product by Fresh Quest,
National Semiconductor and NEC are providing beta test
evaluation of the die carrier technology. Sample parts in
small quantities will be shipped to National and NEC in
Q4 '93. Following the evaluation and characterization of
these carriers, each plans to use these carriers to produce
small quantities of known good die in pilot production.
Equipment status:

In cooperation with one pilot customer, Fresh Quest
is evaluating a semi-automatic die load/unload worksta-
tion prototype which may be the basis for providing a
turnkey automation solution for KGD production.
Process status:

Several versions of Fresh Quest probe cards have
been produced for and tested by National Semiconductor,
the primary beta test site for the probe card technology.
Present development activities include technology
refinement, testing, and characterization of the QC? die
carrier. Specialized fixtures for building, loading, and
testing carriers are being developed, in addition to probe
cards.

Capacity issues:

Fresh Quest moved into a new 21,000 square foot
facility in November 1993. This facility contains appro-
priate equipment and facilities for the design and produc-




tion of probe cards and die carriers. This facility will
provide capacity for initial production and ongoing R&D
activities.
Qualification issues:

Product testing and qualification is underway in
conjunction with beta test sites.

Alignment Method
A machined alignment plate or machine vision
system is used.

Contact Mechanism

Proprietary contact assembly, uses scrubbing to
penetrate oxide.

Key Features

Proprietary die pad contact mechanism is used in
combination with flex circuit.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The current approach calls for mechanical alignment
of the die which will require a *'~h precision wafer saw
process.

The Fresh Quest technology was not penalized for
die size, although iliere are some concerns as to how very
small die might be handled and aligned. (TAG guidelines
say that the technology will accommodate 50 mil die).

PROCESS FLOW (MECHANICAL ALIGN)

1.0 Begin with sawn wafers on tape.
2.0 Vacuam pick up of chip.
3.0 Chip inversion.

4.0 Chip loaded into carrier using precision alignment
plate.

5.0 Chip Support plate installation.

6.0 Bum-in.

7.0 Test.

8.0 Load carrier assembly into unload fixture.
9.0 Draw vacuum and remove spring clip.

10.0 Remove chip carrier sub assembly, leaving chip on
support plate.

Fresh Quest

11.0 Visual inspection of chip.
12.0 Chip load=d into shipping container.

PROCESS FLOW (OPTICAL ALIGN)

1.0 Begin with sawn wafers on tape.

2.0 Vacuum pick up of chip.

3.0 Chip placed on chip support plate.

4.0 Chip aligned to carrier/contact sub assembly.

5.0 Spring clip aligned and assembled with chip
carrier.

6.0 Bum-in.

7.0 Test.

8.0 Load carrier assembly into unload fixture
9.0 Draw vacuum and remove spring clip

10.0 Remove chip carrier sub assembly, leaving chip on
support plate

11.0 Visual inspection of chip
12.0 Chip loaded into shipping container

ADVANTAGES
* Scrubbing action may enhance contact reliability.

* Better than average compliance for reliable contact
to nonplanar die.

* Quick mechanical align possible for precision sawn
die.

DISADVANTAGES

* Currently no methodology for maintaining die
placement during assembly if alignment must be
made using vision (rather than mechanical) system.

¢ See 2lso NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES

CONCERNS

* Scrubbing action over temperature excursions may
introduce unacceptabl> amounts of pad damage for
final assembly app’

*» Frequency and meth.
unknown.

» Technology may be pitch limited.

. cleaning contacts is
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EQUIPMENT REQUIRED

Item Cost Throughput
Assembler/

Disassembler $170K 2K/hr

Pick & place system | $150K 2K/Mhr

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

The fully automated die load and unload station is
based on a robotic work cell initially designed for accu-
rate placement of die in MCMs. A reversible chip
transport tray is used to present the back side of die prior
to component acquisition. Tandem upward-facing and
downward-facing cameras coupled with pattern recogni-
tion capabilities are used to automatically align flipped
die with the die carriers within necessary tolerances.
Carrier assembly (clipping the die support plate against
the back side of the die) is performed as a second opera-
tion within the same work cell. This work cell accommo-
dates both die load and unload processes.

Cosr
Cost Factor Comment Cost
Wafer Processing $
Materials Cost/Use 3
Assembly, $
Disassembly
MCC Cost Judgement
COMMENTS

Fresh Quest is working on both a mechanical align-
ment and a machine vision alignment system at the same
time.
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SuUPPLIER BUSINESS INFORMATION

* Fresh Quest Corporation
531 E. Elliot Rd., Suite 120
Chandler, AZ 85225-1118
(602) 497-4200

¢ Primary Business: IC test fixtures

 Total Employees: 70 including Fresh Test
* 1992 Sales: Currently funded by Fresh Test
Contact
H. Dan Higgins

PHONE: (602) 497-4200
FAX: (602) 497-4220




Supplier:|Fresh Quest Method: QC2
TAG Requirements Specification Meets TAG? | Weight Score

Device Type Rules 0
BiPolar Accept Y 2 2
CMOS Accept Y 3 3
BICMOS Accept Y 2 2
Si On Insulator Accept Y 1 1
GaAs Accept Y 1 1
Analog Accept Y 2 2
Digital Accept Y 2 2
Mixed Accept Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept N 2 0
Bumped die Accept Y 2 2
Device Type Rules Subtotal 0 31

Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to1 Y 1 1
min. size tolerance +0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9

interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder Y 2 2
Metailurgy Changes required NO change in quality/reliability Y 3 3
interconnect Rules Subtotal 0 9

Device Design Rules 0
Change or impact required NO change Y 3 3

0

Wafer Fabrication Rules 0
Change or Impact Required NO change Y 3 3

0

Wafer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe | Wafer probing OK Y 3 3
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3|
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11

Water Mount and Saw Rules 0
impac; on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils N 2 0
Wafer Mount & Saw Rules Subtotai 0 2

Test & Burn In - General Rules 0
BIST Capable YES Y 3 3
Basic function test YES Y 3 3
simulation/connection YES Y 3 3|
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Supplier:|Fresh Quest Method: | QC2
TAG Requirements Specification Meets TAG? | Weight Score
Re¢ compatible w/ bandwidth YES Y 3 3
Backside electrical connection YES Y 3 3
Pin 1 \dentifier provided YES Y 3 3
Contact passivaion wells up to 1.5 um YES Y 3 3
Contact passivaion wells up to 8.0 um YES 2 0
Test & Bumn In - General Rules Subtotal 0 21
Low VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 pm Y 3 3
Char. impedance 50Q £10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 3W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Low VO Test Rules Subtotal 0 24
High VO Test Rules 0
Camier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3]
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 150um Y 3 3|
Min. pad dimension 75 um Y 3 3|
Char. Impedance 50Q +10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High /O Test Rules Subtotal 0 24
Bum In Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance <050 Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) JALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3]
Power handling capacity 3 W/em2 - 10W/ecm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 23
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
0
Inspection 0
Allow optical inspection of device YES Y 2 2
0
TOTAL SCORE 0 165
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1BM (Dendrites)

IBM
Dendrite Carrier

GENERAL INFORMATION

A second generation, carrier-based approach to C4
flip chip KGD is now being qualified by IBM. This
approach uses ceramic carriers with palladium dendritic
structures for making contact to the C4 solder bumps, in
conjunction with a unique clamp top/heat sink subassem-
bly to hold the die in place for test and bum-in. Contact is
made by the piercing action of the dendrites into the
solder balls, and alignment may be either mechanical or
optical. Thermal management is integral to the clamp top
subassembly. IBM is currently beginning the initial
qualification stages with this product.

TECHNICAL DESCRIPTION

The IBM dendrite carrier is a mechanical intercon-
nection system using dendritic structures on the die
carrier and a unique clamping methodology (Figure 17).
The initial qualification will cover die up to 13mm x
13mm, with up to 2000 total C4 solder bumps. The
carriers are ceramic pin grid array (PGA) carriers ranging
from 24mm x 24mm to 50mm x SOmm and are compat-
ible with existing test and bum-in equipment to address
the compatibility requirements associated with those
process steps.

The ceramic carriers are processed through a series of
plating steps which result in the creation of a palladium
dendritic structure on the contact pads of the carrier. The
die are supplied with C4 solder bumps and are aligned
and placed on the carrier so that the C4 solder bumps
contact the dendritic “fingers” on the carrier. A slight
pressure is applied to the back of the die to lightly embed
the fingers into the solder bumps. The clamp top subas-
sembly is then placed and locked into the base carrier
assembly. The force required to place the C4 bumps into
intimate electrical contact with the dendritic fingers is
supplied by applying a given torque to the center screw in
the clamp top subassembly which transfers a vertical
force to the backside of the die. A gimbal design within
the top subassembly insures that the clamp is planar with
the backside of the die prior to the compression step. A
spring in the gimbal design insures that the contact is
maintained throughout the burn-in and test procedures.
This assembly is then subjected to burn-in and test, and

Figure 17. IBM Dendrite Carrier

the carriers are then disassembled by reversing the torque
of the screw in the clamp top, the clamp top removed, and
the die is extracted from the carrier. The die is then
reflowed to reshape the solder balls and then visually
inspected. The number of uses per carrier is expected to
be moderate with no rework and high with rework. The
carrier requires only an IPA wash in-between uses.

REeADINESS LEVEL
Readiness Category:

The IBM dendrite approach is in alpha test. This
product has passed feasibility testing, and initial qualifica-
tion testing is due to begin immediately.

Equipment Status:

Equipment for producing and plating the carriers is in
place at IBM. A chip placement system for automated
alignment and placement of the die into the carrier and
subsequent clamp top placement and assembly is not yet
available. This operation may currently be performed
manually, with an optical microscope station for manual
alignment, or using mechanical alignment methods.
Process Status:

The carrier dendrite plating process is proprietary to
IBM, and is fully developed. The die to carrier assembly
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1BM (Dendrites)

process is also fully developed, although there is no
automatic assembly equipment currently available.
Capacity Issues:

Production capability for dendrite plated ceramic
carriers, for the purposes of KGD production, are virtu-
ally unlimited.

Qualification Issues:

IBM is currently in the initial stages of product

qualification for this KGD method.

ALIGNMENT METHOD

Alignment of the die to carrier may use either a
mechanical or optical system.

ContacT MECHANISM

Plated dendrites on the carrier contacts are mechani-
cally held in contact with the C4 solder balls of the die,
with the dendrites penetrating the surface of the solder.

KEY FEATURES

Proprietary dendrites provide good contact to C4, or
other solder bumps, with much higher number of uses per
carrier than with IBM R3.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUDELINES

The IBM dendrite technology is limited to use with
die which have solder bumped bond pads.

* Dendrite process not defined for use with Al or Au
pads.

*» Additional wafer processing required (solder-
bumping).

 Cannot accommodate incoming Au bumped die:
Dendrite process not defined for use with Au
bumps; C4-bumping process requires aluminum
pads as initial surface.

PRrROCESS FLOW DESCRIPTION
1.0 Begin with singulated C4 bumped die.

Most IC fabrication facilities are not equipped to
provide solder bump processing on their products. IBM
is equipped and accustomed to performing this task. This

implies that the die be provided to IBM in wafer format.
Contact IBM for details.

2.0 Incoming visual sample inspection.
3.0 CA4 die placement on bumn-in carrier.
3.1 Mechanically or visually orient die on carrier.

3.2 Apply slight force to backside of die to seat C4
on dendnitic fingers.

4.0 Assembly of clamp top.

4.1 Place clamp top subassembly in clamp base
subassembly.

4.2 Lock top subassembly into base subassembly.

4.3 Apply required vertical force to backside of die
by applying torque to top subassembly center
SCTew.

5.0 Place carriers into burn-in board sockets, place in
oven(s) and perform burn-in.

6.0 Remove carriers from burn-in board sockets, place
into tester socket & test.

7.0 Remove clamp top subassembly.

7.1 Release vertical force on die by reversing torque
of top subassembly center screw.

7.2 Unlock top subassembly from base subassembly.

7.3 Vertically lift top subassembly away from base
subassembly.

8.0 Remove die from carrier using proprietary removal
tool.

9.0 Die bond pad reflow.
10.0 Outgoing visual sample inspection.
11.0 Load die into package for delivery to customer.

ADVANTAGES
* Piercing action may enhance contact reliability.

* Die held in place by carrier contacts during align and
clamp.

* Clamp top subassembly has an integral heatsink.

* Clean of dendrites between uses is accomplished with
a simple wash.

DISADVANTAGES

* See NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES.




CONCERNS

* Selection of this technology means that wafers must
be solder bumped which limits final assembly
options. Defects also may be introduced. If preferred
final assembly requires solder bumps (e.g., C4), then
the cost of wafer bumping is value added.

EQUIPMENT REQUIRED

Item Throughput

Chip placement system

Clamp assembly/
disassembly system

C4 Solder reflow system

Flux removal system
(unless an H2 reflow is used)

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

The die placement system would use either a me-
chanical or a vision based system for alignment of the die
to carrier within the needed tolerance. Vertical force
sensing and control for die handling would be required.
The carrier assembler would insert the clamp top subas-
sembly into the base subassembly, lock the top subassem-
bly into place, and apply the required torque to the top
center screw. The disassembler would reverse the torque
process, unlock the top subassembly, remove the top
subassembly from the base subassembly, and the die
removal tool would remove the die from the carrier,
placing it into the reflow carrier. The die could be
reflowed in nitrogen, necessitating a flux application
system, or reflowed in hydrogen without flux.

Cost
Cost Factor Comment Cost
Wafer Processing | Solder bumps $$
Materials Cost/Use $
Assembly, $
Disassembly
MCC Cost Judgement
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COMMENTS

SurPLIER BUSINESS INFORMATION

Intemnational Business Machines Corporation
Old Orchard Road
Amonk, NY 10504
(914) 765-1900

* Primary Business: Electronics, Computers
* Total Employees: 300,000
* 1992 Sales: $64.6B

CONTACTS

Technical questions: Gary Hill
Dept. N39, Bldg. 962-2

1000 River Road

Essex Junction, VT 05452-4299
PHONE: (802) 769-3449
FAX: (802) 769-1249

Licensing: Mike Krueger

Dept. N80, Bldg. 962-1

IBM Corporation

1000 River Road

Essex Junction, VT 05452-4299
PHONE: (802) 769-3356

OEM Services: Don Swietek
Dept. 585, Zip 92E 1580
IBM Corporation

Route 52

Hopewell Junction, NY 12533
PHONE: (914) 892-5583




Supplier: IBM | Method: | Dendrites
TAG_Requirements Specitication | Meets TAG? Weight | Score

Device Type Rules * f 0
BiPolar Accept Y ' 2 1 2
CMOS Accept i Y I 3 1 a
|BicMOS Accept ? Y 2 T 2
Si On Insulator Accept Y 1 ! 1
GaAs Accept Y 1 1 1
Analog Accept Y 2 2
Digital Accept Y 2 2
Mixed Accept Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y | 2 2
[Logic Accept Y 2 2
Gate Arrays Accept Y 5 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept Y 2 2
Bumped die Accept N 2 0
Device Type Rules Subtotal 0 31

Water/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3tot Y 1 1
|min. size tolerance ;£0.5 mils or larger Y 2 2
die thickness 110 - 30 mils Y 2 2
min. thickness tolerance $1.0 mils Y 2 2
Watfer/Die Size Rules Subtotal Y 9|

Interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder N 2 0
Metallurgy Changes required NO change in quality/reliability Y 3 3
Interconnect Rules Subtotai 0 7

Device Design Rules 0
[Change or impact required NO change Y 3 3

0

Wafer Fabrication Rules 0
Change or impact Required NO change N 3 0

0

Wafer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe Wafer probing OK Y 3 3
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3]
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11

Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4

Test & Bum In - General Rules 0
BIST Capable YES Y 3 3
Basic function test 'YES Y 3 3
simulation/connection |YES Y ; 3 3
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Supplier: 1BM Method: | Dendrites |
TAG Requirements Specification Meets TAG? Weight | Score

Rc compatible w/ bandwidth YES Y ‘ 3 ‘ 3
Backsiae electrical connection YES Y 3 3
Pin 1 |dentifier provided YES ) Y 3 3
Contact passivaion wells up to 1.5 um | YES Y ! 3 3
Contact passivaion wells up to 8.0 um YES ! ‘ 2 0
Test & Bum In - General Rules Subtotal i 0 21

Low VO Test Rules T : 0
Carrier Operation Temperature 10-125°C Y | 3 3
Contact Resistance '€05Q Y ! 3 3
Min. Clock Freq '100 MHz | Y 2 2
Pad contact (Peripheral, array, both) {Both | Y 2 2
Pad metallization accepted(Al,Au,Soider) |ALL | N | 1 ; 0
Min. pitch |200um s Y ; 3 3
Min. pad dimension 100 um ﬁ Y j 3 3
Char. Impedance 50 .10% ; Y 2 2
Bandwidth 500 MHz i Y 2 2
Power handling capacity 3w/cm2 Y 2 2
Min. numper of touchdowns / die 2 Y . 3 3
Low VO Test Rules Subtotal | 0 25

High VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance <05Q Y 3 3
Min. Clock Freq 1100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) {ALL N 1 0
Min. pitch 150um Y 3 3
Min. pad dimension 75 um Y 3 3
Char. Impedance 500 +10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High VO Test Rules Subtotal| 0 25

Bum in Rules | 0
Die Temperature max 1175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance £050 Y 3 3
Min. Clock Freq. 120 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 uym Y 3 3
Power handling cag.acity 3 W/em2 - 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 24

Pack & Ship Rules | 0
per JEDEC KGD specification 'YES Y i 3 3

0

inspection 0
Allow optical inspection of device YES f Y 2 2

i 0
TOTAL SCORE | 0 165
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MCC

MICROELECTRONICS AND COMPUTER
TECHNOLOGY CORPORATION

TAB Based KGD Carrier

GENERAL INFORMATION

The Microelectronics and Computer Technology
Corporation (MCC) has developed a known good die
technology. The technology was developed within a
separate project, independent of the KGD project and is
being transferred to participant companies. This approach
is based on the use of TAB tape frames with additional
plated metallurgy at the inner lead bond sites to form
temporary carriers. An adaptation of a regular TAB slide
frame carrier is used to hold the tape and die, with a
clamshell fixture providing normal force through a
clamping action (FIgure 18). The contact mechanism is a
temporary scrubbing contact, and alignment is performed
by a standard flip chip aligner/bonder. Thermal manage-
ment is provided by the clamshell spring clip which acts
as a heat spreader. This technology is currently being
transferred to participant sites, and is considered to be
under development.

TECHNICAL DESCRIPTION

MCC Flip Chip Technology Development Project
required high speed test and dynamic bum-in of a single
bare die. In response to this need, a technology was
developed (independent of MCC Known Good Die
projects) which allows for bumn-in and test of die with
peripheral bond pads.

The approach adapts a TAB tape frame to provide an
“interposer” contacting mechanism which is usable with
JEDEC standard TAB slide carriers and sockets. The
adaptation involves plating the tape with metals which
will not have undesirable interactions with the chip bond
pads during burn-in and bending the inner leads upward.
The bent leads are embedded in silicone elastomer, which
holds the tape in the bottom half of a “‘clamshell” struc-
ture and provides a spring action, compliance, and
scrubbing under z-axis deflection. The carrier includes a
pedestal against which the die is pressed; this controls the
amount of z-axis deflection. The top of the carrier is
snapped into place, and the die assembly is handled as a
chip on tape for test and burn-in.

No degradation in carrier materials was noted after
five burn-in cycles (168 hrs/150°C); it is likely that the
average pumber of uses per carrier be at least 10. Chips
have been shown to be wire bondable even after burn-in
in a noninert atmosphere. Wire pull strengths were
identical to chips which hzd not been bumed-in.

READINESS LEVEL
Readiness Category:
This technology is currently in development.

Backing Plate (plastic for low power, Al for high power)
with pedestal to control chip “overdrive” against contacts

Hole in spring clip for bonder he~d
access and supplementary cor
pressure or thermal management

TAB tape ILB Fingers,
bentup at 45 degrees

- e S

7 -
415

\ E=
7777777

Themmal grease (if needed)

Silicone Adhesive bead provides spring action

Figure 18. MCC Clamsheil KGD Carrier
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Equipment Status:

This KGD method requires a standard flip chip
aligner/bonder and common TAB handling equipment.
No automatic disassembler equipment exists.

Process Status:

No wafer processing is required, and the carrier
assembly/disassembly is a manual operation. Fabrication
of the carriers involves additional plating steps on
standard TAB tape, depositing a silicon elastomer bead,
and machining the clamshell structure. These processes
have been developed and demonstrated.

Capacity Issues:

This technology is currently being developed at two
sites, but no production capacity is in place yet. MCC is
capable of prototype quantities only.

Qualification Issues:

This technology has been extensively investigated at
MCC, using both a 216 lead device at 6 mil pitch, and
one 328 lead device at 4 mil pitch. Contact resistances are
approximately 20m<2. These resistances do increase
during burn-in, but remain below the 100 mS2 limit, and
may easily be recovered by rescrubbing. Specific qualifi-
cation plans will be the responsibility of vendor sites.

ALIGNMENT METHOD

Alignment is currently manual optical, but may be
mechanical in the future.

CoNtaCT MECHANISM
Metallic probe fingers provide scrubbing action.

KEY FEATURES

Adaptation of TAB tape uses JECEC standard TAB
slide carriers and sockets.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The TAB based technology is limited to use with die
which have peripheral bond pads.
+ TAB approach means that die with area array pads
cannot be burned-in or tested

* Process not designed to convert from array to
peripheral bond pads.

MCC

It is assumed that the TAB tape will be single level and
therefore unable to achieve 50 ohm controlled impedance.

ProcEss FLow DESCRIPTION

1.0 Begin with die on wafer tape (sawn) or in waffle pack
type packaging.

Assembly

2.0 Place die, TAB tape test and bum-in carrier, and top of
clamshell iu ii'o chip aligner/bonder station.

3.0 Align die IO to socket and press down against pedes-
tal.

4.0 Press top of clamshell down onto bottom half.
Disassembly

5.0 “Declipping” tool opens clamshell and presents die for
removal.

6.0 Use vacuum handler to remove the die and place in
delivery packaging.

ADVANTAGES

* Scrubbing action may enhance contact reliability.

* Better than average compliance for reliable contact to
non-planar die.

* Assembly clamping mechanism is integral to die
alignment and placement so that die position is
maintained during assembly.

» Access to back of die (75% exposed) may facilitate
thermal management.

* Uses existing TAB tape slide carriers.

¢ No clean of contacts is required.

DISADVANTAGES
+ Relatively low number of uses per carrier/intercon-
nect.
* Assembly/cycle time expected to be lower than
average.

¢ See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES.

CONCERNS

* Scrubbing action over temperature excursions may
introduce unacceptable amounts of pad damage for
final assembly application.
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MCC
EQUIPMENT REQUIRED
Item Cost Throughput
(cycles/hr)
Flip chip aligner/bonder | $250K(auto) | 750 (auto)
$50K(manual)| 120 (manual)
Declipping fixture $5K > 1000/hr,
limited by
handler

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

The flip chip aligner/bonder system would require a
robot with four degrees of freedom and a custom end
effector. The system would require a vision system with
pattern recognition capabilities and for use in registering
the die to the carrier within the needed tolerance. Vertical
force sensing and control for die handling would be
required. Chip inversion could be performed by using a
reversible chip transport tray which could be flipped to
present the back side of chip prior to component acquisi-
tion. If chip inversion is performed after component
acquisition, the pick and place system must have two
robot arms. One robot arm must acquire and rotate die,
while the other arm must retrieve the die from the back

side.

Cost

The costs were determined by the MCC Flip-chip
project participants. Tape tooling is $7.5K - $9K and 8 to
10 week lead time. This cost includes the first 1000 tape
sites. “Clamshell” tooling cost is 2pproximately $5K,
with 2 - 5 week lead times. After this the consumables
cost is approximately $2 to $4 per chip (depending on
I/O) at low volumes, decreasing towards $1 per chip at
high volumes. Each TAB tape-based test and bum-in
carrier is usable for four test/burn-in cycles.

Cost Factor Comment Cost
Wafer Processing $
Materials Cost/Use | Low number of uses $3%
Assembly, Assembly method and 353
Disassembly potential damage
MCC Cost Judgement
CoMMENTS

MCC is inserting this technology into production,
with one chip supplier (Harris Corporation) and one chip
user (Hughes Aircraft Corporation) evaluating this
technology for internal use.

SuppLIER BUSINESS INFORMATION

Commercial access to the MCC TAB tape-based

KGD carrier is possible in two ways:

1. Through purchase of KGD from Harris Semiconduc-
tor, who is a licensee and user of the MCC KGD

carrier technology.

2. Through a single-client service contract with MCC

wherein MCC:

— designs and builds the carriers for the customer

— inserts the devices to be tested

— procures appropriate TAB test/burn-in sockets
— designs and procures test DUT boards and/or burn-in

load boards or adapters

— subcontracts test and/or burn-in to a commercial test

house
— removes the devices from the carriers

— delivers both "passed” and "failed” devices to the

customer with test results data.

* Microelectronics and Computer Technology
Corporation MCC)
3500 West Balcones Center Drive
Austin, TX 78759-6509
(512) 343-0978

* Primary Business: Electronics research

* Total Employees: 317
¢ 1992 Sales: $4M
CoNTtacT
Rick Nolan

PHONE: (512) 250-3016
FAX: (512) 250-2893
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Supplier:|MCC . Method: TAB Based Carrier
TAG Requirements Specification Meets TAG? Weight [ Score
Device Type Rules 5 0 ‘
BiPolar Accept Y 2 | 2
CMOS Accept Y W 3 : 3
BICMOS Accept Y 2 j 2
Si On Insulator Accept Y 1 ! 1
GaAs Accept Y 1 1
Analog Accept Y 2 2
Digital Accept Y ; 2 2
Mixed Accept Y | 2 2
Memories Accept Y ’ 2 i 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept N 2 0
Bumped die Accept Y 2 2
Device Type Rules Subtotal 0 31
Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3t01 Y 1 | 1
min. size tolerance 10.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9
interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder Y 2 2
Metallurgy Changes required NO change in quality/reliability Y 3 3
Interconnect Rules Subtotal 0 9
Device Design Rules 0
Change or impact required NO change Y 3 3
0
Water Fabrication Rules 0
Change or Impact Required NO change Y 3 3
0
Wafer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe Water probing OK Y 3 3
New capital equipment required by fab  |NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11
Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal, 0 l 4
Test & Burn In - General Rules 0 f
BIST Capable YES i Y 3 3
Basic function test YES | Y 3 3
simulation/connection YES ‘ Y 3 3
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Supplier:{MCC Method: TAB Based Carrier
TAG Requirements Specification Meets TAG? Weight Score
Rc compatible w/ bandwidth YES Y E 3 3
Backside electrical connection YES Y 3 3
Pin 1 identifier provided YES Y 3 3
Contact passivaion wells up t0 1.5 um YES Y 3 3
Contact passivaion wells up to 8.0 um YES 2 0
Test & Bum In - General Rules Subtotal 0 21
Low VO Test Rules 0
Carrier Operatior Temperature 0-125°C Y n 3 3
Contact Resistance £05Q Y ‘ 3 3
Min. Clock Freq 100 MHz i Y | 2 2
Pad contact (Peripheral, array, both) Both f N 1 2 0
Pad metallization accepted(Al,Au,Solder) |ALL : Y : 1 1
Min. pitch 200um | Y ; 3 3
Min. pad dimension 100 um Y ‘ 3 3
Char. iImpedance 50Q +10% N 2 0
Bandwidth 500 MHz Y : 2 2
Power handling capacity 3wW/cm2 Y ‘ 2 2
Min. number of touchdowns / die 2 Y 3 3
Low /O Test Rules Subtotal 0 22
High VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Soider) |ALL Y 1 1
Min. pitch 150um Y 3 3
Min. pad dimension 75 um Y 3 3
Char. impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High /O Test Rules Subtotal 0 22
Burn In Rules 0
Die Temperature max 175°C Y 3 3]
Ambient temperature max 150°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Power handling capacity 3 W/em2 - 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bumn In Rules Subtotal 0 23
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
0
inspection 0
Allow optical inspection of device YES Y 2 2
: 0
TOTAL SCORE | 5 0 163




Micron Semiconductor, Inc.

MICRON SEMICONDUCTOR, INC.
KGDv=™

GENERAL INFORMATION

Micron is currently testing their second generation
KGD technology, known as KGD#*, which will enable
production of higher I/O devices with a higher throughput
and lower cost per die than their Softool technology.
Micron was unwilling to share specific details of their
technology for this report. This document contains the
information currently available. The KGD™* system plans
are for a temporary carrier, with custom contactor assem-
blies to make contact to die bond pads. The nature of the
contact mechanism is unknown, as Micron is evaluating
several technologies for this purpose. Alignment is a
manual optical operation, with plans for automation.
Thermal management will be a function of the carrier.
Micron is in the alpha test stage with this technology, with
plans for introduction of low pin count KGD products due
in 1Q%4.

TeECHENICAL DESCRIPTION

KGD®* is based on a family of reusable, socketable,
universal carriers which address the requirements of low,
medium, and high pin count devices. These carriers are
adapted for each part type using a contactor assembly
which is also reusable. Micron is planning to evaluate
multiple contactor technologies for this purpose. Finally,
Micron is partnering with equipment and parts suppliers to
supply these components and the equipment required to
handle them in an organized, product driven effort. Using
this approach, bare die will be assembled into a universal
carrier, contacted with a contactor assembly, burned-in and
tested while in this assembly, and then removed for
delivery to the customer.

The number of reuses per carrier will depend largely
on the contact technology selected, as will the condition of
the die bond pads after bum-in and test. However, as
indicated at the May 1993 Supplier Forum, the amount of
damage done to the pads is a key concem in selecting the
connector (probe tip) technology.

READINESS LEVEL
Readiness Category:
The KGD#** carrier is in alpha test. A low pin count

version is expected to be made available in the first
quarter 1994. The high pin count version, fully automated
version to be available at a later date.

Equipment status:

The KGD#* is a carrier based approach using either
manual assembly or automatic assembly/disassembly
equipment. Manual assembly equipment is available
now, and Micron is working with equipment vendors to
develop the necessary automatic equipment for this
process.

Process status:

The KGD# process is not yet available for either
purchase of die or for licensing. The only details of the
die-to-carrier assembly or disassembly that have been
revealed outside of Micron is that the die into carrier
assembly is currently performed manually.

Capacity issues:

As the technology is currently not in production,
Micron is not prepared to reveal their potential capacity.
Qualification issues:

Not enough is known about the KGD** carrier and

contact mechanism to .aake any assessment of quality
issues.

ALIGNMENT METHOD
A vision system is used to align the die to the carrier.

ContacT MECHANISM

Several contactor technologies are still under evalua-
tion.

KEY FEATURES
The key features of this technology are unknown.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

Very little specific information is available regarding
this technology. Based on inputs from Micron, the
technology will be unable to achieve 50 ohm controlled
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Micron Semiconductor, Inc.

The Micron KGD+ technology was not penalized for
die size, although there are some concemns as to how very
small die might be handled and aligned.

Process FLow
1.0 Begin with bare wafer on film frame, presorted and
Sawn.
2.0 Assembly in carriers
2.1 Load into automated assembler
2.2 Load Universal Carriers
2.3 Select program/align/set up assembier.
2.4 Run production lot through assembler
3.0 Bumn-in parts in universal carriers.
40 Final test
5.0 Disassemble
5.1 Load Carmiers into assembler/disassembler
5.2 Set up/alignment/program selection
5.3 Run production lot for disassembly
5.4 Unload die to delivery package.
5.5 Unload carriers

6.0 Package die for delivery to customer (If not already
packaged by disassembler).

ADVANTAGES

» Contact is believed to be nonscrubbing which may
minimize pad damage, assuming excessive force is
not required to overcome nonplanarity.

« Contact verified at assembly by built-in electronics.

DISADVANTAGES

* Minimal information regarding this technology is
available. Manufacturer claims indicate no potential
disadvantages, but there is no supporting evidence.

¢ See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES.

CONCERNS

« If contact is nonscrubbing, this may affect contact
reliability.

¢ Mechanism for maintaining die placement during
assembly is unknown.

* Frequency and method for cleaning contacts is
unknown.

EQuiPMENT REQUIRED
Item Cost Throughput
Assembler/Disassembler | $100K to $500K { Unknown

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

Assembler/disassembler installs die to and removes
die from the universal carrier. Die will be picked from an
expanded wafer ring. Carriers will be indexed from an
elevator system. A robot with four degrees of freedom
will be required to insert and remove the carrier lid. The
pick and place system must have two robot arms. One
robot arm must acquire and rotate die, while the other arm
must retrieve the die from the back side. The system
would require a vision system with pattern recognition
capabilities and two cameras for use in registering the die
to the carrier within the needed tolerance. Vertical force
sensing and control for die handling would be required.

Cost
Cost Factor Comment Cost
Wafer Processing $
Materials Cost/Use $
Assembly, $
Disassembly

MCC Cost Judgement
CoMMENTS

SupPLIER BUSINESS INFORMATION

» Micron Semiconductor, Inc.
2805 E Columbia Rd.
Boise, ID 83706
(208) 368-4000

* Primary Business: Semiconductors
* Total Employees: 4,200
* 1992 Sales: $320M

CoNTtaCT
Jerry Johnson
PHONE: (208) 368-3958
FAX: (208) 368-3834




Supplier:|Micron Semiconductor | Method:|KGD+
TAG Requirements _ Specification Meets TAG? Weight Score
Device Type Rules | 0
BiPolar Accept Y ? 2 2
CMOS Accept Y | 3 3
o BICMOS Accept Y [ 2 2
Si On Insulator Accept Y ! 1 1
GaAs Accept : Y 1 1
Analog Accept | Y 2 2
Digital Accept Y 2 2
* [Mixed Accept Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 i 2
Array pads Accept Y 2 2
Bumped die Accept Y 2 2
Device Type Rules Subtotal 0 33
Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to1 Y 1 1
min. size tolerance +0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9
interconnect Rules 0 B
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder Y 2 2
Metallurgy Changes required NO change in quality/reliability Y 3 3
Interconnect Rules Subtotal 0 9
Device Design Rules 0
Change or impact required NO change Y 3 3
0
Wafer Fabrication Rules 0
Change or Impact Required NO change Y 3 3
0
Wafer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe Wafer probing OK Y 3 3
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
v Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11
Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
. Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4
Test & Bum In - General Rules 0
BIST Capable YES Y 3 3
Basic function test YES Y 3 3
|simulation/connection YES Y 3 3
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Supplier:|Micron Semiconductor | Method: | KGD+ ‘
TAG Requirements Specification | Meets TAG? Weight | Score
Rc compatible w/ bandwidth YES Y 3 | 3
Backside electrical connection YES Y 3 | 3
Pin 1 Identifier provided YES Y 3 3
Contact passivaion wells up to 1.5 um YES Y 3 3
Contact passivaion wells up to 8.0 um YES 2 ; 0
Test & Bum In - General Rules Subtotal 0 ? 21
Low VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 ; 3
Contact Resistance <05Q Y 3 j 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Char. Impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 3W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Low VO Test Ruies Subtotal 0 24
High VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance S05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 150um Y 3 3
Min. pad dimension 75 um Y 3 3
Char. Impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High /O Test Rules Subtotal 0 24
Burn In Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance <05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) {ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 ym Y 3 3
Power handling capacity 3 W/iecm2 - 10W/ecm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 25
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
5 0
Inspection | 0
Allow optical inspection of device YES Y 2 2
0 !
TOTAL SCORE 0 | 171
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Packard Hughes, Inc.

PACKARD HUGHES, INC.
Membrane Probe Set

GENERAL INFORMATION

Packard Hughes has a fine pitch thin film contactor
technology available which may be applied to the KGD
market. The concept is a carrier with a Packard Hughes
contactor membrane for making contact to the die
together with an elastomer backing, and a spring clamp
with a support plate/heat spreader mechanism (Figure
19). The contact made by the membrane is an oxide
piercing temporary contact, and alignment is a manual
optical operation. Thermal management is provided by a
chip support plate/heat spreader. Packard Hughes could
have a product line available within one year, given the
right market situation. They are currently in development
of this technology, capable of providing custom proto-
types designed to meet specific contract requirements.

TECHNICAL DESCRIPTION

Packard Hughes is considering applying their “Gold
Dot” membrane probe technology to the known good die
problem. The probes can be configured as a traditional
probe card or as contactors for individual die. The
membrane probe contacts offer long lifetimes and high
bandwidth impedance matching for signal fidelity. They
are capable of accepting small pitch (4 mil) high pin-
count devices, and Al, Au, and Sn/Pb metallization, in
array or peripheral configuration, and bumped or
unbumped format. This technology is still in need of
some development and qualification for use in providing
KGD, but the basic contacting technology meets the
general requirements for getting signals to and from the

Spring Chip

Clamp

Base

Elastomer

Figure 19. Single Chip Test Socket

die. Packard Hughes is also investigating scaling this
technology to accommodate full wafer bum-in capability.

The number of uses is expected to be high, assuming
that a high temperature adhesive can be substituted for the
current one. The shape and composition of the probe tips
are conducive to very minimal pad damage.

READINESS LEVEL
Readiness Category:
This technology is in development. Packard Hughes

is prepared to provide custom designed KGD products,
but does not have a KGD product line defined.
Equipment status:

The equipment required for automated carrier
assembly and die insertion/removal is still in the develop-

mental stage. These components would be manually
assembled for prototype quantities.

Process status:

Packard Hughes is currently refining the materials
and processes used to fabricate their membrane probe
products, in order to increase the durability of this product
at high temperatures. The burn-in carrier product does
not extibit thermal life problems, and the existing
manufacturing process is capable of providing KGD
burn-in carriers.

Capacity issues:

Packard Hughes has capital equipment and processes
in place to produce medium volumes of custom designed
KGD carriers, but these would be assembled manually.

Qualification issues:
In-house testing of the interconnect used in the KGD
carriers has been performed at Packard Hughes, but no

alpha site testing or qualification level testing has been
performed to date.

ALIGNMENT METHOD
Alignment method is manual optical.




Packard Hughes, Inc.

CONTACT MECHANISM
Contact is made with proprietary gold dot contacts.

KEY FEATURES

Proprietary interconnection membrane uses gold dot
contacts.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The adhesive currently used in forming the interface
between the interconnect and probe tips will not survive
burn-in temperatures. Development plans call for use of a
higher temperature adhesive.

The Packard Hughes technology was not penalized
for die size, although there are some concermns as to how
very small die might be handled and aligned. (TAG
guidelines say that the technology will accommodate 50
mil die).

ProcEess (IC CONTACTOR)

1.0 Begin with diced wafer on tape.
2.0 Assembly

2.1 Load wafer tape and carriers into assembly
station.

2.2 Acquire and invert die.

2.3 Retrieve inverted die, place and align face down
on membrane.

2.4 While holding die in place, apply carrier lid and
snap closed.

3.0 Test
4.0 Bum-in.
5.0 Disassembly
5.1 Open carrier lid.
5.2 Remove die.
5.3 Return camier and lid for reuse.
6.0 Place die in packaging for delivery to customer.

ADVANTAGES

» Nonscrubbing contact may minimize pad damage,
as demonstrated on probe cards. This assumes
excessive force is not required to overcome non-
planarity.
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« Contact mechanism proven at ambient conditions in
probe card technology.

DISADVANTAGES

¢ See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES.

CONCERNS

* Nonscrubbing action may affect contact reliability,
although fine point may offset this.

¢ Mechanism for maintaining die placement during
assembly is not clear.

 Adhesive may be temperature sensitive.

» Frequency and method of cleaning contacts is
unknown and must be compatible with adhesive. If
scrubbing is required, its lifetime may be signifi-
cantly impacted.

EQUIPMENT REQUIRED
Item Cost Throughput
Assembler/Disassembler | $100K to $500K | Unknown

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

Assembler/disassembler installs die to and removes
die from test socket. Die will be picked from an expanded
wafer ring. The pick and place system must have two
robot arms. One robot arm must acquire and rotate die,
while the other arm must retrieve the die from the back
side. The system would require a robot with four degrees
of freedom and a vision system with pattem recognition
capabilities for use in registering the die to the carrier
within the needed tolerance. Vertical force sensing and
control for die handling would be required. A custom end
effector will be required to install and remove the test
socket clamp.




Cost

Cost Factor Comment Cost
Wafer Processing $
Materials Cost/Use $
Assembly, $
Disassembly

MCC Cost Judgement
CoMMENTS

Packard Hughes has previously worked with MCC to

demonstrate this carrier concept with their membrane

technology.

Packard Hughes, inc.

SurpLIER BUSINESS INFORMATION

* Packard Hughes, Inc.
17150 Von Karman
Irvine, CA 92714

* Primary Business: Electrical interconnects and

contactors
* Total Employees: 700 - 900
* 1992 Sales: $80M - $100M
ConrtacT
William Crumly
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PHONE: (714) 660-6914
FAX: (714) 660-5825




Supplier:Packard Hughes

Method:

Membrane probe set

TAG Requirements Specification 'Meets TAG Weight _ Score
Device Type Rules “ ’ 0
BiPolar Accept Y 2 2
CMOS Accept ) Y 3 3
BICMOS Accept i Y 2 2
Si On Insulator Accept ‘ Y 1 1
GaAs | Accept ! Y 1 1
Analog | Accept | Y J 2 ! 2
Digital Accept LY 2 2
Mixed Accept Y | 2 | 2
Memories Accept Y J 2 I 2
MPUs Accept Y \ 2 2
DSPs Accept Y ! 2 2
| Logic Accept Y i 2 2
Gate Arrays Accept Y ; 2 2
ASICs Accept Y ' 2 2
Peripheral bond pads Accept Y | 2 2
Array pads Accept Y ! 2 2
Bumped die Accept Y | 2 2
Device Type Rules Subtotal 0 ; 33
Wafer/Die Size Rules 0 1
Size 2.5K-500K mil2 Y 2 | 2
max. aspect ratio 3to1 ’ Y 1 ! 1
min. size tolerance +0.5 mils or larger Y 2 | 2
die thickness 10 - 30 mils Y 2 ; 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 5 9
Interconnect Rules 0 |
Planarity: Pad to pad height vasiation up to 1.0um variation Y 2 | 2
IC Pad planarity NO planarity degradation of die Y 2 2
wetallurgy accepted Al, Au, Solder Y 2 2
Metallurgy Changes required NO change in quality/reliability Y 3 3
= interconnect Rules Subtotal 0 9
Device Design Rules 0
Change or impact required NO change Y 3 3
0
Wafer Fabrication Rules 0
Change or Impact Required NO change Y 3 3
0 ]
Wafer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe | Wafer probing OK Y : 3 3
New capital equipment required by fab  |NO new equipment req'd Y j 2 2
Probe contact to passivation NO probe contact Y | 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y i 3 3
Wafer/Die Probe Rules Subtotal 0 11
Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of ¢ Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4
Test & Burn In - General Rules 0
BIST Capable YES Y 3 . 3
Basic function test YES Y 3 X 3
simulation/connection YES | Y 3 | 3




Supplier: Packard Hughes i Method: Membrane probe set
TAG Requirements 'Specification iMeets TAG Weight _Score
Rc compatible w/ bandwidth 'YES ; Y 3 ‘ 3
Backside electrical connection 'YES Y | 3 ; 3
Pin 1 Identifier provided. IYES Y i 3 | 3
Contact passivaion wells upto 1.5 um  :YES Y ? 3 ' 3
Contact passivaion wells up to 8.0 um {YES 2 0
Test & Bumn In - General Rules Subtotal; ! 0 4l
Low VO Test Ruies | i 0
Carrier Operatior. Temperature 0-125°C Y 3 | 3
Contact Resistance £05Q Y 3 " 3
Min. Clock Freq 100 MHz ! Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um N Y ? 3
Char. Impedance 509 +10% | Y 2 L 2
Bandwidth 500 MHz ! Y - ! 2
Power handling capacity 3wW/cm2 ; Y < : 2
Min. number of touchdowns / die 2 L Y 3 3
Low /O Test Rules Subtotal E 0 26
High VO Test Rules ! ' 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 1100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted{(Al,Au,Solder) |ALL Y 1 1
Min. pitch 150um Y 3 3
Min. pad dimension 75 um Y 3 3
Char. Impedance 50Q +10% Y 2 2
Bandwidth 500 MHz Y 2 i 2
Power handling capacity 10W/cm2 Y 2 ' 2
Min. number of touchdowns / die 2 Y 3 : 3
High /O Test Rules Subtotal 0 | 26
Bum In Rules 0
Die Temperature max 175°C N 3 j 0
Ambient temperature max 150°C N 3 | 0
Contact Resistance <05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Feripheral, array, both) Both Y 2 E 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 i 1
Min. pitch 200um Y 3 | 3
Min. pad dimension 100 pum Y 3 ' 3
Power handling capacity 3 W/ecm2 - 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 19
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
0
Inspection 0
Allow optical inspection of device YES Y 2 2
| 0
TOTAL SCORE ! 0 169




Plastronics, Inc.
PLASTRONICS, INC.
Wire-based Probing
GENERAL INFORMATION Process status:

Plastronics has been working with a test site to
develop their wire probe KGD carriers for production use.
This is a temporary carrier approach utilizing wire probes
to make contact to the die bond pads for test and burn-in.
The contact method uses compressed wire probes with a
scrubbing action for penetrating oxides, and alignment is
a manual optical process, with provisions for automation.
Thermal management is provided by the carrier base,
which serves as a heat spreader. Plastronics is currently in
alpha test of this carrier concept, and all carriers are now
machined. Production quantities would require tooling for
molded components.

TECHNICAL DESCRIPTION

Plastronics, Inc. uses a wire based probing technol-
ogy to provide contact to bare singulated die in a carrier
based approach. The carrier consists of a plastic base with
a cavity for the die, a ceramic alignment plate with
precision laser drilled holes for aligning the wire probes
to the die bond pads, and a contactor assembly which
contains the probes. The compliant probes provide
scrubbing contacts and the ability to accommodate non-
planar surfaces. Plastronics has developed a cleaning
process which may be employed to clean the probes, and
claims that these carriers are good for approximately 2000
uses. Condition of the die bond pads after burn-in and test
is expected to be similar to a wire probe. Laser drilling
currently imposes a 10 mil pitch limitation which is
reflected in this technology’s inability to meet TAG
requirements in this area for even low /O die (8 mils).

READINESS LEVEL
Readiness Category:

The Plastronics carrier is in alpha test.
Equipment status:

Loading and unloading of die is currently performed
manuaily, under a microscope. Assembly rates are 2 to 3
die insertions/alignments per minute. No work has been
done on providing automatic assembly equipment.
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The process for producing the machined version of
this product is currently in place. Molded components
would require tooling. The die/carrier assembly process
is strictly manual at this time.

Capacity issues:

The machined version of the Plastronics carrier is
viable for prototype quantities only. Producing large
quantities of these carriers would require tooling molded
carriers. The production ready version would replace
screws with spring clips to hold the assembly together.
Once the tooling was complete, quantities of carriers
could be produced quickly and at a greatly reduced cost.
Qualification issues:

Plastronics and a beta test site are currently working
to evaluate the carrier performance and further develop
their KGD carrier product. Limited in-house testing has
been performed, but no thorough evaluation of contact
resistance over multiple insertions or many thermal cycles
has been performed. A test plan is in place to perform
this type of testing.

ALIGNMENT METHOD

Alignment is manual optical, with provision for
automation.

CONTACT MECHANISM
Wire probes provide scrubbing action.

KEy FEATURES
Wire probes are used with a ceramic alignment plate.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The probe based technology uses laser drilled holes
which limits the pitch to 10 mils. It cannot meet the TAG
guidelines for either low I/O or high I/O die (200 micron
pitch/100 micron pad and 150 micron pad/75 micron pad,
respectively).




The long thin probes provide an uncontrolled imped-
ance environment.

The Plastronics technology was not penalized for die
size, although there are some concems as to how very
small die might be handled and aligned. (TAG guidelines
say that the technology will accommodate 50 mil die).

PrOCEsS FLOW DESCRIPTION

1.0 Begin with die on wafer tape (sawn) or in waffle
pack type packaging.

Assembly

2.1 Place die into cavity of carrier
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2.2 Place ceramic locator plate over die in carrier
2.3 Align die under the locator plate

2.4 Place contactor assembly over the locator plate,
allowing probes to drop through holes in locator
plate.

2.5 Clamp assembly
Disassembly

3.1 Remove clamp assembly
3.2 Remove contactor assembly
3.3 Remove locator plate

3.4 Remove die and place into packaging for
delivery.
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ADVANTAGES
» Piercing action may enhance contact reliability.

« Die held in place by carrier contacts during align
and clamp.

DISADVANTAGES
» Technology is pitch limited.

*» See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES.

CONCERNS

» Piercing action over temperature excursions may
introduce unacceptable amounts of pad damage for
final assembly application.

* Probe tips may require more maintenance than
average. Cleaning may shorten life of probes.

Plastronics, Inc.

EQUIPMENT REQUIRED
Item Cost Throughput |
Assembly/disassembly station { Unknown| Unknown

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

The pick and place system would require a robot with
four degrees of freedom and a custom end effector. The
system would require a vision system with pattern
recognition capabilities for use in registering the die to the
plastic carrier within the needed tolerance. Vertical force
sensing and control for die handling would be required.
The custom end effector will open and close the carrier
lid.

Cosr
Manufacturer provided information
* Tooling cost for each die design: $25,000.00
« Tost for each carrier: $1.00 to $1.50 per pin.

Cost Factor T Comment Cost
Wafer Processing $
Materials Cost/Use | Probe tps requirc mare s
maintenance than average
Assembly, $
Disassembly
MCC Cost Judgement

COMMENTS

Plastronics is placing considerable importance in the
scrubbing action of their probes; they believe a scrubbing
contact is superior to a nonscrubbing contact. The
minimum pad pitch of this approach limits the selection
of die which may be used with this technology.




Piastronics, Inc.

SuPPLIER BUSINESS INFORMATION

» Plastronics, Inc.
2601 Texas Drive
Irving, TX 75062
(214) 258-1906

» Primary Business: Plastic products
¢ Total Employees: 120

* 1992 Sales: $5M
CoNnTaAcTs
David or Wayne Pfaff

PHONE: (214) 258-1906
FAX: (214) 258-6771




Supplier: Plastronics . Method: | Wire Probe set
TAG Requirements Specification | Meets TAG?A Weight ' Score
Device Type Rules I 0 i

BiPolar Accept Y 2 2
CMOS Accept Y 3 3
BICMOS Accept Y 2 2
Si On Insulator Accept Y 1 1
GaAs Accept Y 1 1
Analog Accept Y 2 2
Digital Accept Y 2 2
Mixed Accept Y 2 2
Memories Accept Y 2 ! 2
MPUs Accept Y 2 l 2
DSPs Accept Y 2 | 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Amay pads Accept Y 2 2
Bumped die Accept Y 2 2
Device Type Rules Subtotal 0 33

Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to1 Y 1 1
min. size tolerance +0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9

Interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder Y 2 2
Metallurgy Changes required NO change in quality/reliability Y 3 3
Interconnect Rules Subtotal 0 9

Device Design Rules 0
Change or impact required NO change Y 3 3

0

Wafer Fabrication Rules 0
Change or Impact Required NO change Y 3 3

0

Wafer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe Wafer probing OK Y 3 3
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11

Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4

Test & Bum in - General Rules 0
BIST Capable YES Y 3 3|
|Basic function test YES Y 3 3|
|simutation/connection YES Y 3 3|
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Supplier: Plastronics | Method: |Wire Probe set
TAG Requirements Specification ' Meets TAG? Weight [ Score
Rc compatible w/ bandwidth YES ' Y | 3 3
Backside electrical connection YES ’ Yy 3 3
Pin 1 ldentifier provided YES Y | 3 3
Contact passivaion wells up to 1.5 um YES Y 3 3
Contact passivaion wells up to 8.0 um YES ! 2 0
Test & Bum In - General Rules Subtotal| ! 0 21
Low VO Test Rules I 0
Carrier Operation Temperature |0-125°C Y i 3 3
Contact Resistance IS050 Y g 3 3
Min. Clock Freq 1100 MHz Y ; 2 2
Pad contact (Peripheral, array, both) Both Y | 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Yy |1 1
Min. pitch 200um N I 3 0
Min. pad dimension 100 pm N | 3 0
Char. Impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 3W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3|
Low /O Test Rules Subtotal 0 18
High VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance <05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 150um N 3 0
Min. pad dimension 75 um N 3 0}
Char. Impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High VO Test Rules Subtotal 0 18
Burn In Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 IE
Contact Resistance $05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um N 3 0
Min. pad dimension 100 um N 3 0
Power handling capacity 3 W/ecm2 - 10W/ecm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum in Rules Subtotal 0 19
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
0
ingpection 0 !
Allow optical inspection of device YES Y 2 2
0
ITOTAL SCORE 0 153
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Qualhi

QUALHI CORPORATION
BTQI Carrier

GENERAL INFORMATION

Qualhi corporation is a spin-off from Consuitar, Inc.
which has been established specifically to provide KGD
carriers based on the thick film technology developed at
Consultar (Figure 20). These carriers are designated as
Burn-in, Test, Quality, and Inspection (BTQI) carriers.
These carriers utilize gold bumps deposited on thick film
materials to make contact to the die bond pads, and
scrubbing is provided by a flip chip aligner/bonder during
assembly of the die into carrier. Alignment of the die to
the thick film contactor assembly is performed by the flip
chip aligner. Thermal management is provided by a
ceramic or metal lid which serves as a heat spreader.
Qualhi is currently in development of this carrier, with
initial testing being performed in house and at a customer

test site.
U % Pins
Ceramic
/ Substrate
Thick Film Leads
-~ Gold
- Bumps
Q Die
Ceramic or
\ / Metal Lid
D OD Fasteners
Figure 20. Exploded View of BTQI

TecrNICAL DESCRIPTION

The Qualhi carrier is composed of a low-cost thick
film carrier with coined gold “bumps” forming die
contact points. Gold ball bonds are attached to the thick
film surface using standard wire bond equipment. The
wires are then broken off and the remaining gold is
coined to form planar die contacts. The die is placed and
aligned in the carrier using a flip chip bonder, with very
low force. The bonder provides sufficient scrubbing
action to break through the oxide on the die pads, but low
enough force to prevent bonding. The package is held
together by Kovar pins, with heat shrink tubing “fasten-
ers” applied while assembly is held in place under
pressure. Work done to date indicates that the process
leaves a 1 - 1.3 mil mark on the bond pad. Depth of the
mark is unknown, but is targeted at 8000:4000A.
Potentially, the number of uses may be high. However,
this may be adversely affected by the continual coining
(and therefore, enlarging) of the carrier “bumps.”

Rmnm LEVEL
Readiness Category:

This technology is in development. Testing is taking
place both in-house and at a beta site.
Equipment status:

The BTQI carrier/die assembly is expected to be
performed with a modified flip chip bonder used to place
the die face down on the thick film carrier. At this time lid
placement is performed manually, while the die is held in
place with vacuum. A modification to the bonder will be
required to provide automated lid placement. Semicon-
ductor Equipment Corp. has quoted this modification at
$20K, requiring 8 to 12 weeks for development and
delivery.

Process status:

The die to carrier assembly process is expected to be
performed by a modified flip chip bonder. This process
will have to be optimized once the equipment is available.
Lid placement is currently manual, but may be auto-
mated.




Qualhi

Capacity issues:

For the purposes of providing KGD carriers the
capacity is unlimited (the thick film providers are capable
of producing large quantities in quick turnaround times).
The carriers may be designed and fabricated in a mini-
mum of 3 weeks (with expedite charges) or in normal
delivery times of 4 to 6 weeks.

Qualification issues;

Qualhi is currently performing testing in-house and
working with a beta test site to complete qualification of
the BTQI carriers. This qualification data will be made
available upon request when completed.

ALIGNMENT METHOD

Alignment is manual optical, with provision for
automation.

ContacT MECBANISM

Gold ball bonds on thick film interconnect provide
scrubbing action with use of flip chip bonder.

KEY FEATURES
Thick film interconnect has scrubbing contacts.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUDELINES

The Qualhi technology uses a thick film interconnect
and coined gold bumps, both of which impose certain
geometric restrictions.
 No compliance built-in or provided by ceramic or gold

bumps; unable to meet pad to pad var.ation guide-
lines.

It is believed that the lack of compliance is likely to
cause significant pad damage on nonplanar die.

Process FLow DESCRIPTION

1.0 Begin with die on wafer tape (sawn) or in waffle
pack type packaging.

2.0 Assembly

2.1 Acquire die.

2.2 Align and place inverted die onto base of carrier
(thick film with ball bonds facing upward).

Use flip chip bonder to apply ultrasonic scrub-
bing, turn on vacuum to hold die.
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2.4 Place ceramic or metal lid on top of die back-

side.
2.5 Assemble Kovar pins and lid clamps.
Disassembly
3.1 Remove fasteners by cutting tubing.
3.2 Remove lid.

3.3 Remove die and place into packaging for
delivery.

Clean base and lid (if necessary) and return for
reuse.
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ADVANTAGES
* Scrubbing action may enhance contact reliability.

DISADVANTAGES

» Technology is pitch limited, assumning thick film
interconnect.

* Poor compliance will affect contact reliability to
non-planar die.

¢ See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES.

CONCERNS

* The amount of scrubbing required to overcome non-
compliant nature of interconnect may introduce
unacceptable amounts of pad damage for final
assembly application.

» Number of uses without rework is likely to be low
due to continued flattening and enlarging of gold
carrier pads.

* Process to attach die is not yet qualified and may be
difficult to optimize and control.




Qualhi

EQuPMENT REQUIRED COMMENTS

Hem Cost Throughput| The Qualhi approach to scrubbing proposes the
Flip chip bonder $200K to $300K | Unknown use of a flip chip bonder to perform the scrubbing,
as opposed to requiring mechanical probe action at
the die site.

EQUPMENT DESCRIPTION FOR AUTOMATED PROCESS

The pick and place system would require a robot with
4 degrees of freedom and a custom end effector. The SuppLIER BUSINESS INFORMATION:
system would require a vision system with pattern i Co )
X . . * Quathi ration
recognition capabilities for use in registering the die to the po

o . 516 Country Plaza South
gold bumps within the needed tolerance. Three axis force Gilbert, AZ 85234
sensing and control would be required for die handling (602) 892-6767

and scrubbing . The custom end effector will open and
close the carrier lid and assemble clamps. An automatic
flip chip bonder has all of the required features except for * Primary Business: KGD carriers

the custom end effector. * Total Employees: 3
* 1992 Sales: $250K (Consultar)
Cost
Qualhi cost target for these carriers is $0.01 perlead  CoNrTACT

peruse. Peter Normington

Cost Factor Comment Cost PHONE: (602) 892-6767

FAX: (602) 892-6767

Wafer Processing $

Materials Cost/Use | Low number of uses 3%

Assembly, :

bi mbly Potential damage 3%

MCC Cost Judgement




Supplier: QualHi ! Method: BTQ! Carrier
TAG Requirements Specification i Meets TAG? Weight ' Score
Device Type Rules } . 0 t
BiPolar |Accept i Y ‘ 2 2
CMOS |Accept i Y 3 ! 3
BICMOS | Accept i Y i 2 | 2
Si On Insulator | Accept Y | 1 ? 1
GaAs |Accept | Y ) 1 | 1
Analog _ _|Accept Y 2 1 2
Digital |Accept Y 2 * 2
Mixed | Accept Y ] 2 2
Memories |Accept Y w‘ 2 2
MPUs Accept Y 2 2
DSPs Accept Y |2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads ~ |Accept Y 1 2 2
Array pads | Accept Y | 2 2
Bumped die Accept Y 2 2
Device Type Rules Subtotal ) 33
Water/Die Size Rules | 0
Size 2.5K-500K mil2 Y ' 2 2
max. aspect ratio 3to1 Y 1 1
min. size tolerance +0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9
interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation N 2 0
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder Y 2 2
Metaliurgy Changes required NO change in quality/reliability N 3 0|
Interconnect Rules Subtotal 0 4
Device Design Rules 0
Change or impact required [NO change Y 3 3
0
Water Fabrication Rules 0
Change or Impact Required NO change Y 3 3|
0
Watfer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe  |Wafer probing OK Y 3 3
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptabie probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11
Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4
Test & Burn In - General Rules 0
BIST Capable YES Y 3 3
Basic function test YES Y 3 3
simulation/connection YES Y 3 3
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Supplier: QualHi . Method: BTQI Carrier
TAG Requirements | Specitication ‘ Meets TAG? Weight Score
Rc compatible w/ bandwidth 'YES 4 Y ‘ 3 3|
Backside electrical connection 'YES i Y 3 3
Pin 1 Identifier provided |YES Y i 3 3
Contact passivaion wellsupto 1.5 um  |YES Y | 3 3
Contact passivaion welis upto 8.0 um | YES { 2 0
Test & Bum in - General Rules Subtotal I o 21
Low VO Test Rules il 0
Carnier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz2 Y 2 2
Pad contact (Peripheral, array, both) |Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Char. impedance 50Q2 £10% | Y 2 2
Bandwidth 500 MH2z Y 2 2
Power handling capacity 3w/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Low /O Test Rules Subtotal 0 26|
| High /O Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) [ALL Y 1 1
Min. pitch 150um Y 3 3
Min. pad dimension 75 um Y 3 3
Char. Impedance 50 £10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High /O Test Rules Subtotal 0 26
Burn In Rules 0
Die Temperature max 175°C Y 3 3|
Ambient temperature max 150°C Y 3 3
Contact Resistance <05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Power handiing capacity 3 W/em2 - 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 25
Pack & Ship Rules 0
r JEDEC KGD specification YES Y 3 3
0
inspection 0
Allow optical inspection of device YES Y 2 2
0
TOTAL SCORE i 0 170
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Sandia Labs
SANDIA NATIONAL LABORATORIES
GENERAL INFORMATION .
Sandia National Laboratories is developing a KGD
technology based on rerouting bond pads to an area array 23 e—— Knurted Nut

configuration, and using Z-axis interconnect materials to
provide counections to a temporary test carrier. Contact
from the die area array bond pads to the carrier is pro-
vided by either a Z-axis conductive polymer, or by a
particle interconnect membrane. Alignment is performed
by a machined spacer component, and thermal manage-
ment is provided by a lid which provides contact normal
force and serves as a heat spreader. Sandia is currently in
the development phase, and will seek to license a vendor
for this technology at an appropriate time. As a major
contributor in the Multi Chip Module development effort,
Sandia National Laboratories has been working on an
internal MCM project to specifically demonstrate known
good die technology and module testing strategies. The
MCM-D developed for this project contains four DSPs,
two ASICs, and eight memory die to perform a two
dimeansional fast Fourier transform. All die used in this
module will be repatterned and thoroughly tested and
burned in before assembly. The ASICs contain boundary
scan and BIST circuits to simplify module level testing

Lid (Aluminum)
{thickness .125%)

Die
(thickness .017")

Spacer
(thickness .27" - .036")

Figure 22. Universal Carrier for Repatterned Die

Original Die Pad Repattemed Wirebond Pad—

and diagnosis. Data from this project, including KGD
experience, will be shared with the MCM community.

TecanicAL DESCRIPTION

Sandia’s strategy for providing KGD has three major
elements: 1) die with repatterned pads, 2) universal die
carriers, and 3) universal test and burn-in boards. Using
two layers of polyimide/metal, wafers are processed, as
shown in Figure 21, to reposition the normal peripheral .
bond pads of each die to an area array of much larger
pads on top of the die. The array pads may be either gold
or solder. The relatively large pitch of the repatterned
pads allows easy mechanical alignment of the die to a ‘
corresponding pad array in a universal carrier as shown in
Figure 22. The die-to-carrier interface has been success-
fully demonstrated with both diamond particle mem-
branes and z-axis elastomers. The elastomer is embedded
with vertical wires which allows connection between the

Figure 21. Repatterned LSI Logic LCA100106 Die
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patterned carrier and die. Different die types and sizes are
accommodated by changing only the plastic spacer. Since
the carrier provides a common footprint for all die types,
Sandia has designed compatible universal tester load
boards and bum-in boards. The condition of the array
pads after bum-in and the number of uses per intercon-
nect (die-to-carrier interface) will depend on the materials

selected. Final assembly may be flip chip, gold wire bond,

or GE HDI interconnect.

READINESS LEVEL
Readiness Category:

This technology is in development. Sandia will not
enter the merchant KGD supplier market, but will seek to
license the technology developed at SNL to a qualified
vendor.

Equipment status:

Sandia is having the wafers repatterned at a third
party MCM-D supplier, and the carrier assembly is
currently a manual operation. Assembly automation
would require development of an automated assembly
station.

Process status:

Wafer repatterning uses standard thin film photoli-
thography procedures, and the carrier assembly/disassem-
bly is a simple operation.

Capacity issues:

Production capacity is dependent on resources

available at licensee.

Qualification issues:

Five die types (memory, DSP, ASIC, FPGA, assem-
bly test chip) have been repatterned with both gold and
solder-bumped pad metallization. Carriers with 0.030"
and 0.020" pad pitch have been tested over 4V to 6V and
OC to 100C ranges and at test vector rates up to 100
MHz. Broader range characterization is underway. Bum-
in boards have been procured, but no data yet.

ALIGNMENT METHOD

Die mechanically aligns to spacer cavity. Precise die
sawing control is not required because large repatterned
pads allow at least 0.004" misalignment.

Contact Mechanism
Contact to solder bumps is made either with a Z-axis

Sandia Labs

elastomer sheet (from AT&T) or diamond-particle
interposer (from Acsist). The membrane interposer is
designed to allow at least 0.001" pad-to-pad vertical
compliance. The penetrating interposer is required when
testing any solder-bumped die which has a residual film
of flux on the bumps. Alternatively, contact can be made
to peripheral Au pads with traditional wire bond.

KEY FEATURES

Repatterned die provide an area array of pads
compatible with universal, nonbonding PGA carriers. Die
pad metallizations may be easily optimized for the die
application; for example, solder for flip-chip attach, or
gold for wire-bond or GE HDI interconnect.

NoNCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The original aluminum bond pads are rerouted to
solder-bumped array or Au-pad peripheral pads which
limits incoming die to those with aluminum bond pads.

» Cannot accommodate incoming Au or solder
bumped die; postpassivation processing, integral to
technology, requires aluminum pads as initial
surface.

* Additional wafer processing required (rerouting and
enlargement of bond pads).

The dielectric overcoat was judged to be potentially
incompatible with GaAs.

Pad rerouting uses uncontrolled impedance transmis-
sion lines. In the case where Au wire bonding is done, the
ability to control impedance is further reduced.

Optical inspection of the die is inhibited by the
dielectric coat.

Process FLow DESCRIPTION

1.0 Begin with singulated, repatterned die. Note this
process requires two polyimide and two metal layers
(four masks). Sandia has used third party, MCM-D
suppliers for wafer processing.

2.0 Assembly

2.1 Verify that spacer corresponding to die type to
be tested is positioned in carrier.

2.2 Use vacuum wand to place clean die in carrier
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Sandia Labs

cavity. Use nonsymmetrical feature on diepad ~ EQUIPMENT REQUIRED

array to correctly orient die. 1. To repattern wafers, stand~-1 thin film photolithog-
2.3 Rotate carrier lid in place and tighten knurled nuts raphy and processing equipment are required, such
snugly. The spacer prevents stressing the die due as: spinner for polyimide and photoresist, contact
to over-tightening. mask align and exposure, oven for film cure,
3.0 Treat die-in-carrier as a PGA-packaged part for polyimide and metal etcher, metal sputter and
electrical tests and burn-in. plating, and wafer saw.
40 Disassembly 2. In order to automate loading and unloading the
4.1 Remove die from carrier by loosening nuts. carriers, it would be necessary to it the carrier with
.. N a snap-on lid and use a robotic system to pick and
4.2 Swinging carrier lid aside,. place the die.
4.3 Lifting die out of cavity with vacuum wand. Place
fully tested die (KGD) in waffle pack or other die
transport medium. Cost
5.0 Inspect carrier and clean or replace interposer if Sandia provided the following analysis. Tooling and

necessary. Gold die pads cause little change to the setup costs for die repatterning cost about $10K per wafer
interposer (elastoraer or particle membrane). Some  type. Wafer processing, including solder bumping, costs
residue from solder bumps, however, comes off on the 2bout $900 per wafer in small quantities and is estimated

interposers and must be cleaned off after tens of uses. 0 drop to less than $400 per wafer in volume production.
Carriers with ceramic substrates in small volume cost

$500 (0.030" pad pitch) to $900 (0.020" pad pitch) each

ADVANTAGES and are reusable thousands of times. Carriers with FR4
« Enlargement and rerouting of the die bond pads substrates in larger volumes are estimated to cost less than
permits mechanical align of die without precision saw $200 each. Consumables (elastomer sheet or diamond
of die. particle interposer) are reusable tens of times and cost less
« Reroute creates larger bond pads which facilitate a0 $1 per chip
ali nt and minimize eff f pad damage.
.gnfne an e effects of pad o -ge Cost Factor Comment Cost
* Piercing action may enhance contact reliability.
« Carrier lids, with or without fins, provide thermal | ' 2{er Processing | Reroute 558
management. Materials Cost/Use 53
Assembly,
DISADVANTAGES Disassembly 3
* See also NoNCOMPLIANCE WITH TECHNOLOGY ASSESS- MCC Cost Judgement
MENT GUIDELINES
CoMMENTS
Concerns Sandia will make all data from the MCM project
* Frequency and method for cleaning contacts is available, and will seek to license the KGD technology to
unknown. a supplier.

*» Postpassivation wafer processing provides additional
environmental protection and facilitates alignment.
However, defects may be introduced and final
assembly options may be limited. If preferred final
assembly requires or is improved by presence of
solder bumps or gold pads, then the cost of rerouting
and bumping is value added.
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Sandia Labs

SurrLIER BUSINESS INFORMATION

« Sandia National Laboratories
P.O. Box 5800
Albuquerque, NM 87185-1073

* Primary Business: Research and development
¢ Total Employees:
* 1992 Sales: N/A

ConNtacT

R. Keith Treece

Sandia National Labs

MCM Applications, Dept. 2277
Albuquerque, NM 87185-5800
PHONE: (505) 844-9684
FAX: (505) 844-8480
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Supplier:|Sandia Laboratories Method: 'no name
TAG Requirements Specification Meets TAG? Weight ' Score
Device Type Rules 0 j

BiPolar Accept | Y i 2 % 2
CMOS Accept Y 3 ! 3
BICMOS Accept Y 2 ‘f 2
Si On Insulator Accept Y 1 1
GaAs Accept ! N 1 0
Anal Accept | Y 2 2
Digital Accept i Y 2 2
Mixed Accept L Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Amrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept Y 2 2
Bumped die Accept N 2 0
Device Type Rules Subtotal 0 30

Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 301 Y 1 1
min. size tolerance +0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal Y 9

interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder N 2 0
Metallurgy Changes required NO change in quality/reliability Y 3 3
interconnect Rules Subtotal 0 7

Device Design Rules 0
|Change or impact required NO change Y 3 3

0

Watfer Fabrication Rules 0
Change or Impact Required NO change N 3 0

0

Watfer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe | Wafer probing OK Y 3 3
New capital equipment required by fab  |NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Water/Die Probe Rules Subtotal 0 1"

Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4

Test & Burn In - General Rules 0
BIST Capable YES Y 3 3
Basic function test YES Y 3 3
{simulation/connection YES Y 3 3
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Supplier:|Sandia Laboratories Method: |no name
TAG Requirements Specitication Meets TAG? Weight Score
Rc compatible w/ bandwidth YES Y [ 3 3
Backside electrical connection YES Y 3 i 3
Pin 1 Identifier provided YES Y 3 | 3
Contact passivaion wells up to 1.5 um YES Y 3 | 3
Contact passivaion wells up to 8.0 um | YES 2 0
Test & Bum In - General Rules Subtotal 0 21
Low VO Test Rules 0 |
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance S05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Char. impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handiing capacity 3W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Low VO Test Rules Subtotal 0 24
High VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance <050 Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, ammay, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 150um Y 3 3
Min. pad dimension 75 um Y 3 3
Char. impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handiing capacity 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High I/O Test Rules Subtotal 0 24
Burn In Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance <05Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) jALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Power handiing capacity 3 W/cm2 - 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 25
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
0
inspection 0
Allow optical inspection of device YES N 2 o}
0
{TOTAL SCORE 0 161
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TIMMS
TEXAS INSTRUMENTS and MICRO MODULE SYSTEMS
KGD Interconnect System
GENERAL INFORMATION bumped configurations. The copper polyimide substrate

Texas Instruments (TT) and Micro Module Systems provides a high bandwidth control‘led imgedance i.n.tetcon-
(MMS) have teamed to develop a KGD carrier which ¢t mechanism capable of very high wiring densities and
may be applied to all die types (Figure 23). MMS is cither peripheral or array bond pad configurations. TV
providing the substrate (membrane and die pad contactor) MMS are well on the path to qualifying this technology for
while TI supplies the other carrier components, sockets commercial use, with several test vehicles described in the
marketing, sales, and support services. This is a reusable htemture and many tests already completed, and others
temporary carrier approach, using a custom membrane awaiting completion.
with a proprietary contact mechanism to provide a
piercing contact to the die bond pads. Alignment is a READINESS LEVEL
mechanical operation, relying on a “fence” built directly " .
onto the membrane to locate the die. Thermal manage- R gory:
ment is provided by the backside support plate, with The TI/MMS carrier is in alpha test.
optional heat sink attachment. T1 is currently in alpha test ~ Equipment status:
of this KGD technology, using in house chips for testing.

Carriers and sockets for low /O components are expected The TI KGD carriers may be assembled using stan-

to be ready by 1Q94. ::L existing pick and place and package assembly equip-
T Process status:
" The bl ble with
. . assembly process is compatible with existing
The T/MMS KGD interconnect system applies a equipment; no development is ired

copper polyimide substrate with a proprietary nonwiping .

bond pad contact mechanism to route electrical signals o~ C3Pacity issues:

and from the die. The die is aligned and then “sand- A family of carriers and sockets has been developed,
wiched” between the substrate and a metal lid which also ~ with a carrier/socket combination available for each die /O
serves as a heat sink (additional
sinking is optional). Inserts,
backplates, frames and posts
complete the assembly and compen-
sate for non planarity of the die bond
pads or bumps. This entire assembly
then fits into standard test contactors
and sockets used for test and burn-
in. The preliminary test results
presented so far indicate that the
contact interface mechanism
provides a low contact resistance

(< 500 mSQ) with reasonable applied
force, and is quite reliable over a
large number of insertions (900).
This technology offers good contact
(<500 mL2) over the entire tempera-
ture range as well. It accommodates
a variety of metallurgies (including
Al, Au, and Sn/Pb) in both flat and

Figure 23. Cross Section of KGD Interconnect System
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requirement. Carriers and sockets for 75% of the family
are ready for production for I/O requirements up to 280 I/
O. For higher I/O applications, the production capability
will be available 12 weeks after receipt of an order.
Qualification issues:

TI will make carrier and socket qualification data
available for each member of the “family.” Since these
carriers are intended for specific custom sockets, they are
being evaluated together. The sockets have been rede-
signed, and limited quantities of these sockets are avail-
able at this time. Testing and verification is underway at
alpha-site partners.

ALIGNMENT METHOD

Die alignment and/or holding features is used for
mechanical die loading system. Manual optical alignment
may also be used.

Contact MECHANISM
Temporary contacts provide oxide piercing action.

KxY FEATURES

Copper polyimide interconnect membrane uses
proprietary contact mechanism.

INONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The current approach calls for mechanical alignment
of the die which will require a high precision wafer saw
process.

The T/MMS technology was not penalized for die
size, although there are some concemns as to how very
small die might be handled and aligned. (TAG guidelines
say that the technology will accommodate SO mil die).

Process FLow

1.0 Begin with singulated die on tape.
1.1 Die extraction from wafer tape (removal and
cleaning of the die)
2.0 Load die onto substrate.
The alignment step can be completed by either
manual die placement (using vacuum wand) with
mechanical guides (fence) or vision pick and
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placement. The fence structure is built on top of the
interconnect layer which will hold the die aligned
to the contact points using the die edges as its
reference. This technique requires tighter wafer
sawing control in semiconductor manufacturing.
The fence simplifies the manual or automated pick
and place operations which serve as both an
alignment and environmental protection barrier.

3.0 Apply metal lid cover.

4.0 Place latch assembly onto substrate assembly to
hold die in place.

5.0 Insert carrier assembly into cavity of test contactor
or socket.

6.0 If required, functional test using either test
contactor or socket.

7.0 Burn-in using standard socket.

8.0 Functional Test using either test contactor or
socket.

9.0 Remove lid/latch assembly, place in stock for
reuse.

10.0 Remove die from substrate assembly.

11.0 Clean substrate assembly, place in stock for reuse.
12.0 Visual inspection of die.

13.0 Place die in packaging for delivery.

ADVANTAGES

* Piercing action may enhance contact reliability.

* Quick mechanical align possibie for precision sawn
die.

* Die held in place by carrier contacts during align
and clamp.

¢ Thermal management integral to technology.

DISADVANTAGES

¢ See NoNCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES.

CONCERNS

* Piercing action over temperature excursions may
introduce unacceptable amounts of damage for final
assembly application.

* May be complex assembly to automate.
* Full-speed test above 250Mhz may require custom




TVMMS

socket.

* Frequency and method for cleaning contacts is
unknown.

EQuiPMENT REQUIRED
Item Cost Throughput
Assembler/Disassembler | $100K to $500K| >10K/month

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

Assembler/disassembler installs die to and removes
die from carrier. Die will be picked from an expanded
wafer ring. The pick and place system must have two
robot arms. One robot arm must acquire and rotate die,
while the other arm must retrieve the die from the back
side. The system would require a robot with four degrees
of freedom and a vision system with pattern recognition
capabilities and for use in registering the die to the
substrate interconnect layer within the needed tolerance.
Vertical force sensing and control for die handling would
be required. Another end effector will be required to
install and remove the carrier lid.

Cost

* Manufacturer cost projection is less than $1.00 per
die

Cost Factor Comment Cost
Wafer Processing $
Materials Cost/Use $
Assembi;, $
Disassembly

MCC Cost Judgement

“

COMMENTS

SuprLIER BUSINESS INFORMATION

¢ Texas Instruments, Incorporated
13500 N. Central Expressway
Dallas, TX. 75243
(214) 995-2011

* Primary Business: Semiconductors, related devices
* Total Employees: 60,577
* 1992 Sales: $7.4B

CoONTACTS

Randy Roebuck, Technical Issues
7800 Banner Drive

P.O.Box 650311 MS 3936
Dallas, TX 75265

PHONE: (214)917-6244

FAX: (214) 917-7391

Tony Gucciardi, Marketing Issues
111 Forbes Blvd

Mansfield, MA 02048

PHONE: (508)699-5213

FAX: (508)699-5339
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Supplier: | TI/MMS Method: | KGD Interconnect
TAG Requirements Specification Meets TAG? Weight Score

Device Type Rules 0
iBiPolar Accept Y 2 ! 2
CMOS Accept | Y 3 3
|BICMOS Accept LY 2 2
Si On Insulator Accept ‘; Y 1 1 1
GaAs | Accept [ Y 1 ! 1
{Analog 1Accept ‘ Y 2 2
Digital Accept Y 2 2
[ Mixed Accept Y 2 2
Memories Accept ! Y 2 ! 2
MPUs Accept Y 2 2
DSPs Accept Y 2 | 2
Logic |Accept Y 2 2
Gate Arrays ' Accept Y 2 2
ASICs | Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept Y 2 2
|Bumped die Accept Y 2 2
Device Type Rules Subtotal 0 33

Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to1 Y 1 1
{min. size tolerance 0.5 mils or larger _ Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9

interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
1C Pad planarity NO planarity degradation of die Y 2 2
Metaliurgy accepted Al, Au, Solder Y 2 2
Metallurgy Changes required NO change in quality/reliability Y 3 3
Interconnect Rules Subtotal 0 9

Device Design Rules 0
Change or impact required NO change Y 3 3

0

Wafer Fabrication Rules 0
Change or impact Required NO change Y 3 3

0

Water / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe Wafer probing OK Y 3 3
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 1

Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils N 2 0
Wafer Mount & Saw Rules Subtotal 0 2

Test & Bum in - General Rules 0
|BIST Capable YES Y 3 3
|Basic function test YES Y 3 3
[simulation/connection YES Y 3 3
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Supplier: TI/MMS Method: | KGD Iinterconnect
TAG Requirements Specification Meets TAG? Weight ' Score
Rc compatible w/ bandwidth YES Y 3 | 3
Backside electrical connection YES Y 3 ! 3
Pin 1 ldentifier provided YES Y 3 ! 3
Contact passivaion wellsupto 1.5 um  |YES Y 3 3
Contact passivaion welisupto 8.0 um  |YES 2 { 0
Test & Bum In - General Rules Subtotal 0 | 21
Low VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £0.5Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 pm Y 3 3
Char. Impedance 50Q £10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handiing capacity 3vicm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3§
Low VO Test Rules Subtotal 0 26
High VO Test Rules 0
Carrier Operation Termnperature 0-125°C Y 3 3]
Contact Resistance s05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Penpheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 150um Y 3 3§
Min. pad dimension 75 um Y 3 3
Char. impedance 50Q £10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3]
High VO Test Rules Subtotal 0 26|
Burn in Rules 0
Die Temperature max 175°C Y 3 3§
Ambient temperature max 150°C Y 3 3|
Contact Resistance £05Q Y 3 3
Min. Clock Freq. 20 MH2z Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted{Al,Au,Solder) JALL Y 1 1
Min, pitch 200um Y 3 3
Min. pad dimension 100 ym Y 3 3
Power handling capacity 3 W/em2 - 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 25
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
0
Inspection 0
Allow optical inspection of device YES Y 2 2
0
|TOTAL SCORE 0 173}
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TRIBOTECH

TRIBOTECH
Temporary LeadPak (T-L/P)

GENERAL INFORMATION

TRIBOTECH technology is based on a modified
ceramic package, ideally the one in which the die is
conventionally packaged. These packages are modified
for use with the Temporary LeadPak (T-L/P) thin film
and contactor to make contact between the die bond pads
and a spring pin contactor to the package bond pads. The
die may then be tested and burned-in, and removed as
fully tested bare die. Contact to the die is a proprietary
contact mechanism which is a nonscrubbing, fine point
oxide piercing method. Alignment of the die in carrier to
the T-L/P is a manual optical operation, with provisions
for future automation. Thermal management is provided
by a backside support plate, with built in heat sink for the
face down version, and by a thermal transfer block in the
face up version. This technology is currently in develop-
ment, with some in house testing performed, but no
product qualification work started.

TECENICAL DESCRIPTION

TRIBOTECH modified ceramic package approach is
designed to minimize retooling of test and burn-in boards,
particularly in cases where this investment has already
been made. The chip is interfaced using a proprietary
custom contact mechanism integral to the Temporary
LeadPak to bring the signals out and connect to the
package bondpads, with the chip held between a heat sink
and the T-L/P. Contact normal force is provided by an
elastomer and support plate behind the T-L/P. The
assembly is held in place by a spring clip, similar to a
conventional lid seal station clip. An airtight seal is
formed by an elastomer ring.. The entire process is set up
to use standard ceramic packaging and handling equip-
ment, without requiring major investment in new equip-
ment. TRIBOTECH offers both a face up and a face
down version of this technology. At a maximum force of
5 grams, SEMS of bond pads indicate negligible damage
(<20um mark).

READINESS LEVEL
Readiness Category:
TRIBOTECH is performing in-house alpha testing.

Equipment status:

No special equipment is required for the
TRIBOTECH carrier assembly. The die are aligned and
placed in the carrier with a pick and place system, and the
lid is placed using package “lidding” equipment.
Process status:

There is no die processing involved other than
placement into the carriers. All of the equipment and
processes for manufacturing the carriers is currently in
place at TRIBOTECH.

Capacity issues:

After a small quantity build for qualification (100
pieces), the capability for producing camiers is greater
than 1000 per week. Lead time for a new design is 12 to
16 weeks ARO. There is expected variation in cost for
larger quantities.

Qualification issues:

In-house testing of carrier prototypes has been

performed, but product qualification has not been started.

ALIGNMENT METHOD

Alignment is manual optical, with provisions for
automation.

ContacT MECHANISM

Proprietary mechanism in T-L/P provides contact
without scrub across TAG temperatures.

KEeY FEATURES

Approach uses a standard (ceramic) package for each
part with T-L/P interfacing the die and package bond
pads. Integral heat sink provided.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

The thin ribbon and pin contacts provide an uncon-
trolled impedance environment.
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TRIBOTECH
ProcEss FLow DEscripTION * Assembly provides air tight seal for protection
1.0 Begin with die in waffle packs, gel paks, or during burm-in and test.
elastomeric dicing ring and membrane ready for die
bond. DISADVANTAGES
20 Load die, carriers, package T-L/P assembly, and * See also NONCOMPLIANCE WITH TECHNCLOGY ASSESS-
spring clips into assembly station. MENT GUIDELINES.
3.0 Manual die prealign or pattern recognition/preci-
sion station place and vacuum chuck release.
CONCERNS

4.0 Orient and place die on carrier/package.

. ... . * Piercing action over temperature excursions may
. optical pattern e T-L/
30 Use optical Spsy stefn (o align introduce unacceptable amounts of pad damage for

to di ; bring T- t wi ..
:i d‘:m pads; bring %\‘? th final assembly application.
caneno . Probe tips may require more maintenance than
6.0 Engage spring clip while holding T-L/P firmly in . .
pl:::gag a;,ll:sl:%necrl’lam cal stop. 8 Y average. Cleaning may shorten life of probes.
. : . L . * Assembly cycle time and potential for damage to
7.0 ie:,:: tension on T-L/P, letting spring clip hold it contact mechanism is uncertain. May be complex
) assembly to automate.
8.0 Transport assembly to continuity check station. Y
9.0 Perform continuity check. Eo Rig
9.1 Disassemble failed assemblies for rework. — Cost
10.0 Load assembled carriers (Packages) into test and/or i
burn-in Pick and Place System $170-$350K | 1-3.5K/hr
11.0 Perform pretest, test or burn-in.
12.0 Remove packages from test or burn-in boards. EQUIPMENT REQUIRED FOR AUTOMATED PROCESS
13.0 Perform additional electrical testing, as required. For the face up appliration, the pick and place system

140 Load parts into disassembly station. would require a robot witu four degrees of freedom and

. . two end effectors. The system would require a vision
15.0 Hold down T/LP firmly and remove spring clip. system with pattem recognition capabilities for use in
16.0 Remove T-L/P with spring clip. registering the die to the T-L/P within the needed toler-
17.0 Remove die from carrier. ance. Vertical force sensing and control for die handling
180 Die cleaning (optional, if thermal grease was used). would be required. The lid would be sealed with a custom

end effector.
19.0 Mark and pack die for shipment.
200 Return carrier/package, T-L/P, and spring clip for
Cost
reuse.
Cost Factor Comment Cost
ADVANTAGES Wafer Processing $
* Piercing action may e@e contact n':hablhty. Miaterials GovtUse. | PTOb® Gps require more 5
* Better than average compliance for reliable contact terials maintenance than average
to nonplanar die. Assembly, Cycle time and potential 3%
* Thermal management integral to technology. Disassembly for damage
* Assembly clamping mechanism is integral to die MCC Cost Judgement

alignment and placement so that die position is
maintained during assembly and disassembly.
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COMMENTS

SurrLIER BUSINESS INFORMATION

* TRIBOTECH
Mailing address:
P.O. Box 5030
Wine Valley Unit
- Napa, CA 94581-0030
Plant Address:
100 Napa Junction Rd.
American Canyon, CA 94588
(707) 643-2148

* Primary Business: Machine tools and accessories
 Total Employees: 20
* 1992 Sales: $1.8M

Contact

Bud Cain
PHONE: (707) 643-2148
FAX: (707) 643-7942
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Supplier: Tribotech ~ | Method: Temporary Lead Pak
TAG Requirements Specification | Meets TAG? Weight | Score
Device Type Rules | ’ 0 |

BiPolar Accept Y 2 2
CMOS Accept Y 3 ! 3
BICMOS Accept Y 2 i 2
Si On insulator IAccept Y 1 ‘ 1
GaAs | Accept Y 1 1
Analog Accept Y 2 2
Digital |Accept Y 2 2
Mixed |Accept Y 2 2
Memories ﬁ,‘Accept Y 2 2
MPUs | Accept Y 2 2
DSPs |Accept Y 2 2
#39‘5 Accept Y 2 2
Gate Arrays Accept g Y 2 2
ASICs | Accept l Y 2 ! 2
Peripheral bond pads Accept Y 2 i 2
Array pads Accept Y 2 | 2
Bumped die Accept Y 2 2
Device Type Rules Subtotal 0 33

Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to1 Y 1 1
min. size tolerance 0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Water/Die Size Rules Subtotal 0 9

interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Soider Y 2 2
Metallurgy Changes required NO change in quality/reliability Y 3 3
Interconnect Rules Subtotal 0 9

Device Design Rules 0
Change or impact required NO change Y 3 3

0

Water Fabrication Rules 0
Change or impact Required NO change Y 3 3

0

Wafer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe | Wafer probing OK Y 3 3|
New capital equipment required by fab  |NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 ! 3}
Water/Die Probe Rules Subtotal 0 11

Wafer Mount and Saw Rules 0
impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of dl Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4

Test & Bum In - General Rules 0
BIST Capable YES Y 3 3|
|Basic function test YES Y 3 3|
|simutation/connection YES Y 3 3|
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Supplier:|Tribotech Method: Temporary Lead Pak
TAG Requirements | Specification Meets TAG? Weight "Score
Rc compatible w/ bandwidth ~ 'YES Y 3 3 3
Backside electrical connection |YES , Y 3 3
Pin 1 Identifier provided 'YES i Y . 3 3
Contact passivaion welisupto 1.5um  YES i Y ) 3 i 3
Contact passivaion wells up to 8.0 um 'YES . 2 0
Test & Bum In - General Rules Subtoidl : L 0 21
Low VO Test Rules | 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance <05Q Y 3 '; 3
Min. Clock Freq 1100 MHz ; Y 2 | 2
Pad contact (Peripheral, array, both) |Both ' Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL 3 Y ‘} 1 1
Min. pitch 200um Y ! 3 ‘ 3
Min. pad dimension 100 pm Y l 3 3
Char. Impedance 1500 +10% N 2 0
Bandwidth 500 MHz Y | 2 2
Power handling capacity 3W/em2 LY 2 2
Min. number of touchdowns / die 2 | Y | 3 3
Low VO Test Rules Subtotal l 0 24
High VO Test Rules o 0
Carrier Operation Temperature 0-125°C Y ' 3 3
Contact Resistance (£05Q Y i 3 3
Min. Clock Freq 100 MHz Y | 2 2
IPad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Soider) |ALL N Y 1 1
Min. pitch 150um | Y 3 3
Min. pad dimension 75 um | Y 3 3|
Char. impedance 50Q £10% : N 2 0
Bandwidth 50 MHz ! Y 2 2
|Power handiing capacity 10 N/em?2 | Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High VO Test Rules Subtotal 0 24
Bumn in Rules 0 |
Die Tersperature max 175°C Y 3 | 3
Ambient temperature max 150°C Y 3 3
Contact Resistance $05Q Y 3 3
IMin. Clock Freq. 20 MHz Y 2 2
[Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3|
Min. pad dimension 100 um Y 3 3
Power handling capacity 3 W/em2 - 10W/ecm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum in Rules Subtotal 0 25
Pack & Ship Rules | 0
Em JEDEC KGD specification YES * Y 3 3
0
|inspection 0
Aliow optical inspection of device YES Y 2 2
0
TOTAL SCORE 0 , 171
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YAMAICHI ELECTRONICS, INC.

GENERAL INFORMATION

Yamaichi is developing a carrier and matching socket
to address the KGD market. The carrier uses a derivative
of the Nitto Denko ASMAT thin film interconnect.
Contact to the die is made using the non-scrubbing, oxide
piercing bumps which are an integral part of the intercon-
pect. Signals are fanned out for socket contact by the thin
film material. Alignment is a manual optical operation
and thermal management occurs through an incorporated
heat sink mechanism. This technology is in development,
with in house testing underway. Plans call for delivery of
prototypes to customer test sites by 4Q93.

TeECHNICAL DESCRIPTION

Yamaichi Electronics has developed a carrier/socket
based approach to providing known good die with future
applications to wafer level test and burn-in. The carrier
contains Nitto Denko ASMAT thin film interconnect to

provide electrical connection between the pads on the die
and the contacts on the burn-in and test socket. A mecha-
nism within the carrier is used to align the die, intercon-
nect, and the mechanical interface to the socket. The
socket lid applies a controlled force to the die while
mating it properly to the substrate. The system incorpo-
rates heat sink capability and is designed to be reusable
and automatable with standard die pick and place equip-
ment. Data from Nitto Denko indicates that the ASMAT
die contact interface provides a low contact resistance (80
milliohms) at 30 grams of contact force per pin. Work by
Nitto Denko indicates that damage to aluminum bond
pads due to contact with the ASMAT bumps is minimal.
Thermal life of the interconnect is expected to be high.

READINESS LEVEL
Readiness Category:

This technology is in development. In-house testing
and product refinement is

Top View

Bottom View

Figure 24. Exploded top and bottom views of Yamaichi chip carrier

underway, and plans for
qualification at OEM beta
test sites are in place.
Plans call for delivery of

prototypes to these sites
by the end of 1993.

Equipment status:

A manual pick and
place assembly worksta-
tion, with a throughput of
5 to 6 die per minute is
available now, and an
automatic workstation
with an expected through-
put of 10 to 12 die per
minute is in development.
Yamaichi is studying the
cost effectiveness of
automating this assembly
vs. using manual assem-
bly stations. If the
decision to proceed with
development of an

118




Yamaichi

automated station is made, it is expected to be ready in 1.0 Begin with die on wafer tape (sawn) or in waffle

3Q%4. pack type packaging.
Process status: 2.0 Assembly.
The Nitto Denko film has been characterized and is 21 Open chip retainer spring on chip holder
- ready for use. The current assembly process for proto- mbly. ' '
types uses a single step snap carrier to place the die in 2.2 Use pick gnd place equipment to place chip
alignment with the ASMAT film. (face up) in chip holder assembly.
Capacity i . 2.3 Release chip retainer spring, clamping die in
- ) place in chip holder.
Yamaichi is not prepared for production at this time; 24 Place ASMAT film over carrier base and chip
the camer is snll in the prototype stage. The asfgmbly holder (bumps down).
m&ssxsbmngdeﬁnedmsmha‘wayastofacxhtate 2.5 Insert chip cover through fiducials in ASMAT
highly automated assembly. The intended throughput of film, into holes in chip holder.

a manual assembly station is S to 6 die per minute, with

an 1 station doubling that iy, 2.6 Align the ASMAT film chip carrier by optical

alignment.
Qualification issues: 2.7 Place carrier cover on top of assembly while
In-house testing of contact resistance has been vacuum retention holds alignment.
performed, but final qualification of this product has not 2.8 Snap on carrier lid.
yet begun. 30 Use carrier assembly directly with sockets for test
and burn-in.
ALIGNMENT METHOD 4.0 Disassembly.
Die alignment and/or holding features will be used 4.1 Remove c.anier cover.
with a manual or automated optical loading system. 4.2 Remove film contactor.
4.3 Open chip retainer spring of chip holder subas-
sembly.
Contact MecaNsm 4.4 Remove die and place in packaging for delivery.
Bumps in the Nitto Denko ASMAT film make 4.5 Return all parts of carrier for re-use.
contact similar to rivets (Au over Ni) by penetrating oxide
ithout ing moti
wi scrubbing motion. ADVANTAGES
* Non-scrubbing contact may minimize pad damage,
KEY FEATURES assuming excessive force is not required to over-
Simple carrier approach depends on ASMAT come non-planarity.
technology from Nitto Denko. * Contact materials and mechanism has been charac-

terized by Nitto Denko at time and temperature.
NoncompLIANCE WITH TECENOLOGY ASSESSMENT

GUIDELINES DISADVANTAGES
» Die are handled and aligned with a chip holder which ~ ® Assembly cycle time expected to be higher than
cannot accommodate very small die. (TAG guidelines say average.
that the technology will accommodate 50 mil die). * See also NoN-CoMpLIANCE WiTH TECHNOLOGY
AsSESSMENT GUIDELINES
Process FLow DESCRIPTION

NOTE: This process describes the assembly and use

of a prototype carrier, and does not represent the process
for the final, automatable production version.
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Yamaichi

CONCERNS
+ Non-scrubbing action may affect contact reliability.

* Frequency and method of cleaning contacts is
unknown. If cleaning requires scrubbing,, it may
significantly impact lifetime by weakening probe tip
to interconnect interface.

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS
Fully automated system is awaiting decision on

development.

Cost
Cost Factor Comment Cost
Wafer Processing $
Materials Cost/Use $
Assembly, $
Disassembly

MCC Cost Judgement
CoMMENTS

Data has been presented which verifies low resistance
contacts over a large number of thermal cycles.

SuPpLIER BUSINESS INFORMATION
¢ Yamaichi
1420 Koll Circle, Suite 3
San Jose, CA
(408) 4520797

* Primary Business:
* Total Employees:
* 1992 Sales:

ConTACT

Bob Million
PHONE: (408) 452-0797
FAX: (408) 452-0799
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Supplier:| Yamaichi Method: | no name
TAG Requirements Specitication Meets TAG? Weight Score
Device Type Rules 0 j
BiPolar Accept Y 2 P 2
CMOS Accept Y 3 | 3
BICMOS Accept Y 2 i 2
Si On Insulator Accept Y 1 I
GaAs Accept Y 1 | 1
Analog Accept Y 2 | 2
Digital Accept Y 2 i 2
Mixed Accspt Y 2 i 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept hd 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept Y 2 2
Bumped die Accept Y 2 2
Device Type Rules Subtotal 0 33
Water/Die Size Rules 0
Size 2.5K-500K mil2 N 2 0
max. aspect ratio 3tot Y 1 1
min. size tolerance +0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 7
Interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder Y 2 2
Metallurgy Changes required NO change in quality/reliability Y 3 3
Interconnect Rules Subtotal 0 9
Device Design Rules 0
Change or impact required NO change Y 3 3
0
Wafer Fabrication Rules 0
Change or Impact Required NO change Y 3 3
0
Wafer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe  [Wafer probing OK Y 3 3
New capital equipment required by fab  |NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 1
Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge piacement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4
Test & Bum in - General Rules 0
{BIST Capable YES Y 3 3
[Basic function test YES Y 3 3
[simutation/connection YES Y 3 3
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Supplier:| Yamaichi Method: | no name
TAG Requirements Specification Meets TAG? Weight Score
Rc compatible w/ bandwidth YES Y 3 3
{Backside electrical connection YES Y 3 3
Pin 1 Identifier provided YES Y 3 3
Contact passivaion wells up to 1.5 ym YES Y 3 3
Contact passivaion wells up to 8.0 um YES 2 0
Test & Bum In - General Rules Subtotal 0 21
Low VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance <05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Char. impedance 50Q +10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 3w/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Low VO Test Rules Subtotai 0 26|
High /O Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance <050 Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 150um Y 3 3
Min. pad dimension 75 um Y 3 3
Char. impedance 50Q +10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/em2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
High /O Test Rules Subtotal 0 26
Bum in Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance S05Q Y 3 3
Min. Ciock Freq. 20 MHz Y 2 2
Pad contact {Peripheral, array, both) iBoth Y 2 2
Pad metaliization accepted(Al,Au,Solder) |ALL Y 1 1
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Power handling capacity 3 W/em2 - 10W/ecm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3
Bum In Rules Subtotal 0 25
Pack & Ship Rules 0
|per JEDEC KGD specification YES Y 3 3
0
inspection 0
Allow optical inspection of device YES Y 2 2
0
TOTAL SCORE 0 173
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Minimal Package Approaches to KGD

Hughes Aircraft

Micro SMT
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Hughes Aircraft

HUGHES AIRCRAFT COMPANY
Testable Ribbon Bonding (TRB)

GENERAL INFORMATION

The Hughes Testable Ribbon Bonding (TRB)
technology is being developed to provide a quick turn,
soft tooled alternative to traditional TAB (Figure 25). It
involves using a ribbon bonder to bond leads from the die
to a temporary carrier for test and bum-in, and then
cutting the leads at the outer lead bond, leaving a die with
ribbon bonds ready for placement and outer lead bonding.
The contact mechanism is a ribbon bond, and alignment
is performed by the ribbon bonder. Hughes is currently in
development with this technology.

TECHNICAL DESCRIPTION

The Hughes Testable Ribbon Bonding (TRB™)
system provides the benefits of Tape Automated Bonding
(TAB) to a soft tooled environment without the disadvan-
tages of TAB. The TRB system uses a patented lead
forming tool to allow for bonding of a “ribbon” (a 1 x 3
mil gold wire) to the peripheral aluminum bond pads of a
chip. The chip is bonded to a disposable carrier for test
and burn-in using normal sockets and equipment, and
then removed, with leads intact, for delivery. This
technology provides low NRE costs, quick-turn around,
and eliminates the need for expensive tooling.

READINESS LEVEL
Readiness Category:

In development

Equipment status:

The only processing equipment that is required is a
ribbon bonder system which has been fitted with a
Hughes lead forming tool. The die are removed from the
carrier using a laser cutting system with a pick and place
machine to load the die into delivery packaging. Subse-
quent die handling must use automated pick and place
equipment and TAB compatible outer lead bonding
equipment. All of this equipment is currently commer-
cially available.

Process status:

The only process required is the bonding and lead
form, which is ready to be used.
Capacity issues:

The bonding and lead forming is a serial procedure,
creating one lead at a time. The production capacity of
this procedure is governed by the throughput of the
ribbon bonder.

Qualification issues:

Hughes has been using prototype ICs to develop this
technology for preparing KGD. The carrier qualification
issues to be addressed are simply dealing with the ability
to withstand high temperatures during the test and burn-in

Figure 25. Testable Ribbon Bonding (TRB) Process Flow

regime, since the contact
mechanism is a bonded
ribbon.

ALIGNMENT METHOD
Alignment per-

formed by ribbon
bonding equipment

CoNnract MECBANISM
TAB like ribbon
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Hughes Aircraft

Patented lead forming tool used to create formed
ribbon leads with low NRE costs and lead-time.

INONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

This is essentially a TAB based packaging technol-
ogy which is limited to use with die which have periph-
eral, gold-bumped or Al bond pads.

* TAB approach means that die with area array pads
cannot be burned-in or tested.

* Process not designed to convert from array to
peripheral bond pads.

* Cannot accommodate incoming solder-bumped die;
TRB process not defined for use with solder.

The TRB technology will require a pad larger than 3
mils (75 microns) due to the ribbon width.

It is assumed that the TAB-like environment will be
unable to achieve 50 ohm controlled impedance.

Bonds are permanent and bond pads may not be used
in future assemblies. This is counted as a significant
change in the metal and limits the technology to a single
touchdown.

Process FLow

1.0 Begin with bare singulated die, probe tested, on
wafer tape carrier or in waffle packs.

2.0 Pick and place die onto carrier, applying vacuum to
hold chip.

3.0 Use auto bonder with patented forming tool to bond
and lead form gold ribbon in a single step.

4.0 Apply protective cover to carrier (optional).

5.0 Bumn-in chips in carriers using conventional burn-in
equipment.

6.0 Test chip in carrier using conventional test equip-
ment and QFP handlers.

7.0 Cut ribbon leads just before OLB on carrier (use
YAG laser or wire-bonder with chisel and ultra-
sonic).

8.0 Place leaded chips into vacuum release Gel-Paks™
for storage/shipment to customers.

9.0 Dispose of carriers (reclaim gold)

ADVANTAGES

* Permanent bond will enhance contact reliability.

* Quick mum-around, low NRE cost for small volume
prototyping.

+ Uses mature process technologies.

» Compatible with existing ribbon bond equipment.

DISADVANTAGES

* Permanent bond will limit final assembly options.

* Technology is pitch limited.

* High volume will be relatively expensive due to
cycle times.

* Leads are exposed and fragile after excise from
carrier.

¢ See also NONCOMPLIANCE WITH TECHNOLOGY ASSESS-
MENT GUIDELINES.

CONCERNS
* Minor bending will have significant impact on ease
of subsequent assembly.

EQUIPMENT REQUIRED
Item Cast Throughput
Pick and place system $150K 2K/Mr
Ribbon bonder with
lead form tool $120K | 1 wire/sec
YAG laser $120K | =1 inch/1Q sec

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

The pick and place system would require a robot with
four degrees of freedom that is either fully automatic
(pattem recognition), or semiautomatic (manual fiducial
entry). The system would require a vision system for use
in registering the die to the carrier within the needed
tolerance. Vertical force sensing and control for die
handling would be required. The ribbon bonder must
have a heated platen and equipped with the Hughes
patented lead form tool. In order to maintain correct
positioning, a YAG Iaser is required to cut the gold
ribbon from the carrier.
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Cost

Cost Factor Comment Cost
Wafer Processing $
Materials Cost/Use [Low number of uses $5$
Assembly, Assembly increases w/l/O $3
Disassembly count; disassembly time high

MCC Cost Judgement
CoMMENTS

This technology is suitable for low volume prototype
applications, due to its soft tooling approach to providing
TARB like leads for either face up or face down bonding. It
is less attractive for high volume applications due to the
low throughput from the lead forming device. For
applications planned to use TAB, this technology will
allow for rapid prototypes of those systems and allows for
initial production while the TAB tape is developed.

SuPPLIER BUSINESS INFORMATION

* Hughes Aircraft Company
7200 Hughes Terrace
Los Angeles, CA 90045
(310) 568-7200

Hughes Aircraft

* Primary Business: Aircraft, electronics

*» Total Employees: 60,000
¢ 1992 Sales: $7.71B

CoNTACTS
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Chuck Bieber
PHONE: (512) 250-2881
FAX: (512)250-2893

Randy Root
PHONE: (714) 759-2814
FAX: (714) 759-2868




Supplier:|Hughes Method:  Testable Ribbon Bondiny
TAG Requirements Specitication Meets TAG? Weight Score

Device Type Ruies 0
BiPolar Accept Y 2 2
CMOS Accept Y 3 3
BICMOS Accept Y 2 2
Si On Insulator Accept Y 1 1
GaAs Accept Y 1 1
Analog Accept Y 2 2
pi_gital Accept Y 2 2
Mixed Accept Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 ! 2
DSPs Accept Y 2 | 2
Logic Accept Y 2 f 2
Gate Arrays Accept Y 2 ! 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept N 2 0
Bumped die Accept N 2 0
Device Type Rules Subtotal 0 29

Wafer/Die Size Rules 0
Size 2.5K-500K mii2 Y 2 2
max. aspect ratio 3to1 Y 1 1
min. size tolerance 0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9

interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad ptanarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Soider N 2 0
Metallurgy Changes required NO change in quality/reliability N 3 ol
Interconnect Rules Subtotal 0 4

Device Design Ruies 0
rqmg or impact required NO change Y 3 3

0

Water Fabrication Rules 0
Change or Impact Required NO change Y 3 3

0

Water / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe Water probing OK Y 3 3]
New capital equipment required by fab NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3|
Wafer/Die Probe Rules Subtotal 0 11

Water Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4

Test & Bum In - General Rules 0
BIST Capable YES Y 3 3
Basic function test YES Y 3 3
[simulation/connection YES Y 3 3
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Supplier:|Hughes Method: Testable Ribbon Bondin
TAG Requirements Specification Me-!s TAG? Weight Score

Rc compatible w/ bandwidth YES Y i 3 3
Backside electrical connection \YES Y ! 3 3
Pin 1 Identifier provided |YES Y ! 3 3
Contact passivaion wells up to 1.5 um | YES Y | 3 3
Contact passivaion wells up to 8.0 ym  |YES 1 2 0
Test & Bum In - General Rules Subtotal! i 0 21

Low VO Test Rules ' 0
Carmrier Operation Temperature 0-125°C Y ' 3 3
Contact Resistance <0.5Q Y i 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Char. Impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 3W/ecm2 Y 2 2
Min. number of touchdowns / die 2 N 3 0
Low /O Test Rules Subtotal 0 18

[High VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3|
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) JALL N 1 0
Min. pitch 150um Y 3 3
Min. pad dimension 75 um N 3 0
Char, Impedance 50Q +10% N 2 0
Bandwidth 500 MH2z Y 2 2
Power handiing capacity 10W/em2 Y 2 2
Min. number of touchdowns / die 2 N 3 0
_High VO Test Rules Subtotal 0 15

Burn In Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3|
Contact Resistance <05Q Y 3 3
Min. Clock Freq. 20 MH2z Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Power handiing capacity 3 W/em2 - 10W/ecm2 Y 2 2
Min. number of touchdowns / die 2 N 3 0
Bum In Rules Subtotal 0 19

Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3

0

Inspection 0
Allow optical inspection of device YES Y 2 2

0
ITOTAL SCORE 0 141
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Micro SMT
MICRO SMT/JOHNSTECH
SMT Die Package/Socket
GENERAL INFORMATION ing reliability testing of the package have been performed

A minimal packaging approach which encapsulates
the die in micro-fabbed SMT packages and relies on fine
pitch sockets from Johnstech International is proposed by
Micro SMT to provide fully tested die in a small, thin,
SMT style package. The Micro SMT process provides
plated silicon pillars as surface mount style contacts, and
the die are directly inserted into sockets from Johnstech
for test and burn-in. These die may be shipped to custom-
ers for direct insertion in existing (fine pitch capable)
surface mount assembly operations, and may also be re-
screened in sockets at the customer site. The Johnstech
socket uses a metallic contact pin with scrubbing action to
make contact to the die package contacts with mechanical
alignment (Figure 26). The backside of the die is used for
the new contact points, and the front of the die is coated
with epoxy; thermal management may be provided by an
optional heat sink which is attached to a cap over the
epoxy coat. Micro SMT is in development of this technol-
ogy for VLSI components. It has previously been quali-
fied for small, low pin count components. Initial packag-

A short pin
contact fro
DUT.

Figure 26. Johnstech Short Contact Technology

at a customer site. The issue of availability of suitable
sockets appears to be resolved by sockets designed and
fabricated by Johnstech International. That firm has
indicated it’s capability to fabricate both single and
multiple site sockets which accommodate the Micro SMT
package style.

TECHNICAL DESCRIPTION

Micro SMT performs additional wafer processing to
create a die in a micro-fabbed package with peripheral
SMT style leads fabricated directly onto the die (Figure
27). The die itself is completely encapsulated during the
process. The method does not directly address the
handling or test and bum-in issues which are normally a
part of the KGD problem. The process instead ruggedizes
the chips by packaging them in a micro fabricated SMT
style format, so they can be handled effectively in a
production environment. The process provides a hard
contact surface that can be probed without significant
damage and maintains tight planarity. Micro SMT has
received assurances from equipment suppliers that
standard SMT equipment for handling, test, and bumn in
can and will be scaled down to accommodate the new
package type.

The acceptable wafer finishes would include Nitride
or other material that acts as a good moisture barrier. The
epoxy overcoat material applied to the wafer surface is
the same used in TAB. A cap is then applied over the
epoxy to further protect the die. No bond pads are
required. Vias are required on a minimum pitch of 2 mil

MMM

RTIRR
\\\\\\\\\\\\\\\\\\\\

Figure 27. Micro SMT Package
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and can be located anywhere on the die.

After the die are processed and separated, they are
ready for insertion into the Johnstech sockets for test and
bum-in and delivery as fully tested, packaged compo-
nents. These components are then ready for direct
insertion in a fine pitch surface mount board assembly

process.

READINESS LEVEL
Readiness Category:

In development; samples of both die and sockets
have been delivered to customers.
Equipment Status:

Micro SMT is prepared to produce prototype quanti-
ties of Micro SMT packaged VLSI components, but is
not yet capable of large production quantities. Equipment
is currently in place for 3 inch diameter wafers, and plans
are to expand the line capability to 4 inch by January
1994. Larger wafers must be sectioned for processing
with existing equipment, which limits production vol-
umes. Plans for volume production of larger wafers (4",
5", 6™) call for that equipment to be in place in 1994.

Johnstech is prepared to produce prototype quantities
of machined sockets, both for single site and multiple site
configurations, but production quantities would require
tooling of molded socket components.

Process Status:

The wafer processing steps have been completely
developed. Once the die are “packaged” in the Micro
SMT format, they may be handled in a manner identical
to existing packaged parts, using the Johnstech sockets
for test and bumn-in. The parts would then be mounted on
printed circuit boards using an advanced SMT process
(current SMT placement equipment considers 12 mils as
“fine pitch.”)

Capacity Issues:

Equipment limitations restrict production of Micro
SMT parts to 50 wafers per day, independent of how
many die are on the wafer. If large wafers must be
sectioned, each section must be treated as a wafer.

Qualification Issues:

The Micro SMT packaging format presents a host of
issues for product qualification, including reliability
without nermeticity. Limited evaluations have been
performed at customer sites, but no definite qualification

Micro SMT

testing or burn-in yield comparisons have been performed
to qualify this product for VLSI applications. The
discrete applications have been qualified to Mil-Std-883
level B by several customers since 1990.

Sockets from Johnstech have been tested for continu-
ity and contact resistance, and the materials have been
selected for use in high temperature environments.
Evaluations for specific designs of the MicroSMT VLSI
sockets have not yet been performed.

ALIGNMENT METHOD

Reticle alignment in photolithography system for the
Micro SMT fabrication process. Alignment of the Micro
SMT packaged components in the Johnstech sockets is
mechanical.

CoNtact MECHANISM

Plated Metallization to die bond pads creates new,
enlarged contact surfaces of “hard” metallization for
contact in the sockets.

KEY FEATURES

The Micro SMT process creates a very small SMT
package for any individual integrated circuit die. The
Johnstech sockets provide reliable, high performance
sockets for use with the micro packaged die.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

This is essentially a packaging techr~logy. Much of
the Technology Assessment Guidelines does not apply.

PRrOCESs FLOW DESCRIPTION
1.0 Begin with Bare Finished Wafer
2.0 Micro SMT packaging process:
2.1 Remove oxide and epitaxial silicon from wafer
scribe area.
2.2 Form metal connections in scribe line.
2.3 Scribe line etch to create Si pillars.
2.4 Epoxy coat top side of wafer.
2.5 Thinning.
2.6 Wafer Marking to identify die.
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Micro SMT

2.7 Isolated contact deposition
2.8 Deposit barrier and finishing metals
2.9 Wafer sort test
2.10 Wafer saw
2.11 Placement in temporary packaging or handling
trays.
3.0 Remove parts from handling tray, place into bumn-in
sockets.
4.0 Place in oven(s) and perform bumn-in.
5.0 Remove from burn-in board sockets, place into tester
socket & test.

6.0 Placement in delivery carriers/tape load

ADVANTAGES

» Permanent bond will enhance contact reliability.

* Minimal package provides added protection against
handling and environmental damage.

DISADVANTAGES

* Permanent bond will limit final assembly options.

» Additional wafer processing will significantly
increase wafer fabrication costs, and introduce
defects.

¢ Wafer scribe streets are not available for test
structures.

¢ Technology is pitch limited.

CONCERNS

« Minimal packaging does not fit intent of known
good die.

* SMT processes may not be able to accommodate the
most aggressive geometries on these packages.

» The Micro SMT process is quite different from
standard processes; optimization and qualification
are expected to be issues.

* Process may require wider than desired scribe streets
which may limit the total number of die per wafer.

EQUIPMENT DESCRIPTION FOR AUTOMATED PROCESS

The wafer processing for creating SMT style leads
requires standard thin film and photolithographic equip-
ment. To coat the top side of the wafer, an epoxy dis-
penser with a three axis positioner with a positive dis-
placement pump would be desirable. The wafer saw
station consists of a wafer mounter, wafer saw, and wafer
cleaner.

EqQurrMENT REQUIRED

Item Cost Throughput
Barrier coat system $700K

Photo lithography station $875K

Etch system $50K

Furnace $50K

Metallization (sputter) $1IM

Resist strip system $50K

Epoxy dispenser $75K

Wafer saw station $S0K 10 wafers/hr.
CoMMENTS

This approach to KGD seems best suited to extending
existing surface mount assembly operations to their
physical limitations. The very fine pitch requirement
implies that the user of this technology employ “state of
the art” SMT part alignment and piacement equipment to
obtain the benefits of this technology.

SurPLIER BUSINESS INFORMATION

* Micro SMT, Inc/M-Pulse
576 Charcot Avenue
San Jose, CA 95131
(408) 432-1480
* Primary Business: Semiconductors
* Total Employees: 30
¢ 1992 Sales: $2.5M
CoNTACT
Don Richmond

PHONE: (408) 432-1480
FAX: (408) 432-3440

ADDITIONAL SUPPLIER BUSINESS INFORMATION

* Johnstech Int’L
2800 Anthony Lane NE
Minneapolis, MN 55418
(612) 927-0485

* Primary Business: Short contact high-performance

test sockets
CoNTACT
David L. Senum

PHONE: (612) 927-0485
FAX: (612) 781-2584
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Northern Telecom
NORTHERN TELECOM
Frame Automated Wire-bonding
GENERAL INFORMATION system:
Frame Automated Wire-bonding (FAW) is a KGD * Reuseable, standardized family of temporary test
method which minimizes the resources required to carriers
achieve IC testability by maximizing utilization of * Use of existing automatic handling systems and
existing resources. This technology was recently de- standard test/bum-in sockets.

scribed in a presentation to the International Electronics

Packaging Society'. The FAW approach is a carrier based

approach which wire-bonds the die into a temporary

carrier for test and bum-in (Figure 28), then—after the die

has heen shipped in the temporary carrier—cuts the wire-
bonds (Figure 29), providing a fully tested die with wire-
bonds already attu=hed to the bond pads. The die may
then be placed and outer lead bonded using the existing
leads (Figare 30). The. sontsct mechanism is a wire-bond,
alignment is a function of the wire-nonder, and thermal
management is performed by the castier aad the tempo-
tary die attach material. This technology is not currently
in use, but is available for use, and little development
effort would be required to bring it into production.

TeEcHNICAL DESCRIPTION

Simplicity of operations and use of common wire-
bonding equipment, reusability, and use of existing test
and burn-in resources are key points in the Northem
Telecom Frame Automated Wire-bonding KGD method.
Five key concepts together comprise the elements of this

 The use of a wire-bonder as a multiaxis, pattern
recognition assisted, programmable ruachine tool to
consistently make and cut the short, low-profile
wire-bonds which connect the IC to the test carrier.

* The use of a wirebonder to “skive off” the wire-
bond stubs from the test carriers so that the carriers
may be reused (Figure 31).

* The use of single point wirebonding to perform final
IC attach to substrate in face up or face down
configuration.

This KGD approach involves wire-bonding die into
low-cost temporary test carriers (these carriers may be
made in many configurations, but either FR4 or ceramic
seem the most applicable) for test and burn-in, then
cutting the wire leads, leaving a die with wires bonded to
each pad. The die may then be placed onto a substrate in
either a face up or face down configuration, and a single
point wire-bonder is then used to bond the end of each
wire to the substrate. The figures provided show the die
being placed in recesses on both the carrier and the
substrate, but this is not necessary for all applications. Die

Materials according to application

Reguiar Aluminum IC
Pad metailizatio

Reference Plane(s) for
Excellent Testabllity

Figure 28. IC is wirebonded into carrier, which also
serves as the shipping container.

attach to the substrate is left as an open choice for the end

Use auto wirebonder as programmabile machine tool.
Z-axis cut and short leads obviate bent lead problems.
Gang tool to cut several/many leads simuitaneously?

Figure 29. Chip is removed by cutting wires

! “Frame Ausomated Wire-bonding: A TAB equivalent for nudtichip module assembly”, John C. Walker, Proceedings of the IEPS 1992, pp. 389
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Northern Telecom

N.B. Fine-Pitch and Coplanarity not an Issue.
Figure 30. Single point bonding for final IC attach

Wirebond stubs singly- or gang-skived

o from carrier usim'a’?:'yto wirgbonder as
B | programmable machine tool.

(N.B. Also applicable to COB/TAB rework.)

Carriers Recycled for Muttiple Use
(Augurs for Standard Carriers plus deposit to Promote Carrier Recycling)

Figure 31. Carriers may be recycled

user to select. A number of choices are available from
using vacuum hold-down to reworkable polymers and
thermo plastics. Thermal management is the key factor in
this selection, and also is a driver in the design of the test
carrier.

READINESS LEVEL

Readiness Category:

Ready for production, but not currently in use.
Equipment Status:

All equipment required is common wirebonding and
handling equipment.

Process Status:

Wire-bond processes are fully established and
qualified at all major IC vendors; wire cutting is done
with wire-bonder also, using a chisel point head and z-
axis cutting motion.

Capacity issues:

Throughput is a function of wire-bonder activity; the
bonder must be used to bond ICs into the test carriers, to
cut the leads after test and burn-in, and to rebond the
wires in the final application.

Qualification issues:

Although wire-bonding processes are routinely

qualified at most IC vendors, this particular procedure for

KGD has not been qualified. This method is not currently
in use by Northern Telecom.

ALIGNMENT METHOD

The wire-bonder performs alignment with automatic
optical system.

CoNTACT MECHANISM
Wire-bond

KEY FEATURES

Low cost of entry, exclusive use of wire-bonding
equipment and processes, and low-cost temporary test
carriers.

NoNCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

This is essentially a wire-bond based packaging
technology which is limited to use with die which have
peripheral, Au or Al bond pads.

» Wire bond approach means that die with area array
pads cannot be burned-in or tested.

* Process not designed to convert from array to
peripheral bond pads.

* Cannot accommodate incoming solder-bumped die;
process not defined for use with solder.

Wire bonding is an uncontrolled impedance environ-
ment. However, it should be noted that wires used in this
method are extremely short, minimizing the unshielded
electrical path.

Bonds are permanent and bond pads may not be used
in future assemblies. This is counted as a significant

134




»‘

change in the metal and limits the technology to a single
touchdown.

Process FLow DESCRIPTION

1.0 Begin with die (sawn) on wafer tape or in waffle
packs

2.0 Pick and place die into carrier recess (die attach?)

3.0 Optically reference die in carrier

4.0 Sequentially wire-bond each bond pad to carrier pad.

5.0 Apply protective cover or encapsulation to carrier
(optional)

6.0 Follow normal test and burn-in procedures

7.0 Ship IC in temporary test carrier

8.0 Optically reference die in carrier (using wire-bonder)

9.0 Sequentially cut each wire-bond lead

10.0 Remove die from carrier, place into final assembly
location, and use single point bond attach.

11.0Either by using a second bonder or by replacing head
in original, “skive off” the wire-bonds from the
carrier bond pads to prepare the carrier for reuse.
This step is accomplished by setting the bonder head
flat against or close to the substrate surface and using
a horizontal motion to shave the excess metal away
from the surface.

12.0Return carriers for reuse.

ADVANTAGES

* Permanent bond will enhance contact reliability.

¢ Quick turn-around, low NRE cost for small volume
prototyping.

¢ Uses mature process technologies.

» Compatible with existing wire bond equipment.

¢ Face down bonding allows uniform ground plane
placement

DISADVANTAGES

* Permanent bond will limit final assembly options.

* High volume will be relatively expensive due to
cycle times.

» Wires are exposed and fragile after excise from
carrier

Northem Telecom

¢ See also NONCOMPLIANCE TO TECHNOLOGY ASSESS-
MENT GUIDELINES.

CONCERNS

* Minor bending will have significant impact on ease
of subsequent assembly; wires will be difficuit to
keep in position as and after they are cut from
carrier.

EqQuiPMENT REQUIRED
¢ Pick and place system
* Automatic or semiautomatic wirebonder

Cost

Cost modeling performed by Northern Telecom
indicates that frame wire-bonding offers at least cost
parity with PLCC packaging with equivalent levels of test
and burn-in.

COMMENTS

This is one of the approaches which offers a method
for IC vendors to enter the KGD marketplace without
having to invest significant resources to do so. It leaves
wire-bonds on the die, which dictates the nature of

subsequent processing and module bond configurations.

SuPPLIER BUSINESS INFORMATION

* Northern Telecom
P.O. Box 3511 Station C
Ottawa, Ontario
Canada K1Y4H7

* Primary Business: Telecommunications

* Number of Employees:
* 1992 sales:

Conracrt

John C. Walker

Northern Telecom
Ottawa, Canada
PHONE: (613) 763-5201
FAX: (613) 763-5692
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Supplier:|Northern Telecom Method: |Frame Automated Wire
TAG Requirements Specification Meets TAG? Weight Score

Device Type Rules | 0
BiPolar Accept Y 2 2
CMOS Accept Y 3 3
BICMOS Accept Y 2 ! 2
Si On Insulator Accept Y 1 1
GaAs Accept Y 1 1
Analog Accept Y 2 2
Digital Accept Y 2 2
Mixed Accapt Y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept Y 2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept N 2 o}
IBumped die Accept N 2 0
Device Type Rules Subtotal 0 29

Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
|max. aspect ratio 3to1 Y 1 1
min. size tolerance 10.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance +1.0 mils Y 2 2
Wafer/Die Size Rules Subtotal 0 9

|interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0um variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder N 2 0
{Metallurgy Changes required NO change in quality/reliability N 3 o|
{nterconnect Rules Subtotal 0 4

Device Design Rules 0
Change or impact required NO change Y 3 3

0

Water Fabrication Rules 0
Change or Impact Required NO change Y 3 3

0

Wafer / Die Probe Rules 0
Does NOT Prohibit Use of wafer probe | Water probing OK Y 3 3]
New capital equipment required by fab  {NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 3}
Wafer/Die Probe Rules Subtotal 0 11

Wafer Mount and Saw Rules 0
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y 2 2
Wafer Mount & Saw Rules Subtotal 0 4

Test & Burn In - General Rules 0
BIST Capable YES Y 3 3
Basic function test YES Y 3 3
|simutation/connection YES Y 3 3
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Supplier:|Northern Telecom Method: |Frame Automated Wire|
TAG Requirements Specification Meets TAG? Weight Score |
Rc compatible w/ bandwidth YES Yy | 3 3
Backside electrical connection YES Y | 3 3
Pin 1 Identifier provided YES Y 3 3
Contact passivaion wells up to 1.5 um YES Y 3 3
Contact passivaion weils up to 8.0 um YES 2 0
Test & Bum In - General Rules Subtotal 0 21
Low VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance £05Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) [ALL N 1 0
Min. pitch 200um Y 3 3
Min. pad dimension 100 um Y 3 3
Char. Impedance 50Q +10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handiing capacity 3w/em2 Y 2 2
Min. number of touchdowns / die 2 N 3 0]
Low VO Test Rules Subtotal 0 18
High VO Test Rules 0
Carrier Operation Temperature 0-125°C Y 3 3§
Contact Resistance s05Q Y 3 3
Min. Clock Freq 100 MHZz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0]
Pad metaliization accepted(Al,Au,Solder) JALL N 1 o}
Min. pitch 150um Y 3 3}
Min. pad dimension 75 um Y 3 3}
Char. impedance 50Q +10% N 2 0
|Bandwidth 500 MHz Y 2 2
Power handling capacity 10W/cm2 Y 2 2
Min. number of touchdowns / die 2 N 3 0
_High /O Test Rules Subtotal 0 18
Burn in Rules 0
Die Temperature max 175°C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance <059 Y 3 3]
Min. Clock Freq. 20 MH2 Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(Al,Au,Solder) |ALL N 1 |
Min. pitch 200um Y 3 3
Min. pad dimension 100 pm Y 3 3
Power handling capacity 3 W/cm2 - 10W/em2 Y 2 2
Min. number of touchdowns / die 2 N 3 0
Bum In Rules Subtotal 0 19
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3
0
{inspection 0
Allow optical inspection of device YES Y 2 2
0
TOTAL SCORE 0 144
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Tessera
TESSERA ASSOCIATES
Compliant Chip
GENERAL INFORMATION
Tessera Associates is currently developing a KGD

technology known as the Tessera Compliant Chip (TCC).
This is a minimal packaging approach based on bonding a
thin film rerouting layer to the chip bond pads, which
provides area array contacts to the die bond pads, with a
compliant elastomer “sandwiched” between the chip face
and the thin film (Figures 32 & 33). These die may then
be placed face down against a PGA style carrier and
secured with a clamp/support plate, which also serves as a
heat spreader. Contact to the die is a bond similar to a
TAB inner lead bond, and contact to the carrier is a
Nickel/Gold bump interfaced to a gold pad on the carrier.
Alignment is mechanical, and thermal management is
provided by the clamp/support plate. This technology is
in development, with prototypes having been demon-
strated. Product qualification is planned for 2Q94.

TeCHNICAL DESCRIPTION

The TCC technology is a micro packaged die with a
ball grid array interface to uie next level interconnect. No
after-fab wafer-processing is required. The TCC ap-
proach uses flex circuitry to route the electrical signal
path from center or peripheral die bond pads to an array
of nickel/gold bumps. The flex is attached to the die with
an elastomer layer which also provides compliancy for
the bump normal force in a carrier. Bond pad leads
Mhapmm;ﬁml:dﬁggnme TheleadsofmeﬂexchuﬁtWMcpmbondedt?thedie
chip backside is completely available for t 1 man- padsare_allowedtobend,absorbmgmeexpa_nmonan‘d
ag t and the flex circuit interfaces the IC to substrate, contraction of the IC through thermal excursions, while

. . . the flex is interfaced to substrate through the nickel/gold
with the elastomer providing a thermal insulator between.
2 bumps. The flex circuit is expected to absorb any

expansion or contraction of the substrate. A
PGA style carrier has been developed for
Chp test and burn-in of ICs with the nickel/gold
Basomer | bumps on flex interfacing to gold plated
Bump Aray | bond pads on the socket, and the elastomer
providing the compliance and normal force.  »

Figure 33. Tessera Compliant Chip

Figure 32. Generalized TCC Cross Section
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ReaDINESS LEVEL
Readiness Category:

In development.
Equipment Status:

All equipment required for the TCC die micro
packaging is now in place at Tessera, and certain pieces
of this equipment are being optimized for production
throughput increases.

Process Status:

The TCC uses flex circuit to route signals to ball grid
array. Bonding processes similar to TAB inner lead
bonding processes to create the micro packaged die. KGD
carrier assembly/disassembly is currently a manual
operation.

Capacity issues:

Tessera is currently producing about 50 parts per
week at their facility, and plans to continue to use their
own facilities (a 30,000 sq. ft. fab facility has been
established which is now operational) for prototypes and
early build requirements. Volume prc-uction of TCC
micro packaged die would be licensed to a volume
manufacturer.

Qualification issues:

Preliminary reliability testing has already been
performed with good results (this information has been
published by Tessera), and a full qualification plan is in
place. The parts build for the qualification work is
currently underway.

ALIGNMENT METHOD

The flex circuit reroutes the die bond pads to bump
arrays on 0.5 mm to 1.25 mm pitches, which is easily
aligned using mechanical placement mechanisms.

CoNTACcT MECHANISM

Pressure contacts of nickel/gold TCC bumps on gold
plated pads of PGA style carrier.

NONCOMPLIANCE WITH TECHNOLOGY ASSESSMENT
GUIDELINES

This is essentially a packaging technology. Much of
the Technology Assessment Guidelines does not apply.

Tossera

Process FLow DEscrIPTION

1.0 Begin with die sawn on wafer tape, or in waffle
packs.

Fabricate the BGA flex tape.

Die is micro packaged in TCC format

3.1 Apply elastomer to tape

3.2 Bond tape to die

3.3 Encapsulate bonds

3.4 Attach ring if used

Place die into PGA carrier (alignment is by place-
ment in spring-locked chip well or by pin alignment
to ring)

Secure with clamp support plate.

Test as a PGA packaged component.

Bum-in as a PGA packaged component.

Remove TCC from carrier and place in packaging
for delivery.

20
30

50
6.0
7.0
8.0

ADVANTAGES
» Permanent bond will enhance contact reliability.
« Minimal package provides added protection against
handling and environmental damage.
« Interconnect leads are very short.

* Test contacts have relaxed pitch and increased
compliancy and durability.

DISADVANTAGES
* Permanent bond will limit final assembly options.

CONCERNS

EQUIPMENT REQUIRED

Once the die are micro packaged in the TCC format,
the only equipment required is to support standard test
and bumn-in socket sites for PGA style packages. Assem-
bly and disassembly of die into the PGA style carriers is a
manual operation. Subsequent handling of the PGA
carriers for loading into test sockets or burn-in boards
may either be performed manually or with automated
equipment.
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Tessera
Cost CoNTACTS

Tessera is attempting to position the costing for TCC Linda C. Matthew
micro packaged die at parity with PQFP packaged die, Technical Marketing
given equivalent pin counts and equivalent levels of test PHONE: (408) 894 - 0700
and burn-in. FAX: (408) 894 - 0768
CoMMENTS Dr. Gary Geschwind

Marketing

PHONE: (408) 894 - 0700

FAX: (408) 894 - 0768
SuppLIER BUSINESS INFORMATION

* Tessera Associates
3099 Orchard Drive

San Jose, CA 95134
PHONE: (408) 894 - 0700

« Primary Business: Compliant chip MCM

technology
¢ Number of Employees: 18
¢ 1992 Sales: $3.5M financing

140




7.0 Conclusion

PHASE I TECHNOLOGY ASSESSMENT CONCLUSIONS

Section I of this report contains the assessments
performed at MCC for the first phase of the Consortia for
KGD contract. The phase I assessments focused on
technologies which are being developed for single die test
and burn-in, and which take advantage of the existing
packaged part test and burn-in methods, equipment and
strategies.

Soft Connection Methods

These methods of test and burm-in are the most
mature, being the only methods being used today to
actually product KGD. The R3 (reduced radius removal)
KGD technology is the only technology which was
identified as producing an appreciable volume of KGD
into products. In general, the soft connection mehtods
seem to be most suitable for low volume, cost tolerant
applications. Some of the soft connection methods may
require a particular final assembly method (such as C4
flip-chip for the IBM R3 technology).

Temporary Contact Methods

The temporary contact methods for KGD are the
preferred (by TAG) KGD methods , and these technolo-
gies are attracting the most interest in the industry. They
are, in general, less mature and most approaches have
only recently begun to show promise. Contact to alumi-
num pads and the capability for contacting array pads
seem to be critical requirements for the industry, again as
spelled out by the TAG. These methods require no post
processing to the wafer, which is also seen as critical for
widespread applicability of the methods. The cost of these
carriers is driven by the number of reuses possible, and
die load/unload methods are not as cost sensitive as was
originally believed.

Minimal Package Methods

For our phase I assessments, a number of technolo-
gies which were termed minimal package mehtods of
producing Known Good Die weie identified. Less
attention was focused on these technologies because they
are essentially packaging technologies which enhance the
capability for doing test and burn-in. These technologies
require the use of certain final assembly technologies.

PHASE I DELIVERABLES

The conclusion of phase I brings to closure a number
of tasks which were undertaken by MCC and jointly by

MCC and the task group of industry representatives.

This section (section I) of the repori has been devoted
the technical assessment of KGD technologies for test
and bum-in of bare or minimally packaged die. The
technical assessments were the culmination of much of
the work in phase 1.

The TAB and Flip Chip addenda to Standard for
Known Good Die were developed by the industry task
group and submitted to JEDEC for standardization. These
documents are contained in section 4 of this report. These
documents extend the original Standard for Known Good
Die to encompass procurement standards for TAB and
Flip Chip die.

The major task completed by the industry task group
was development of the Technology Assessment Guide-
line for Methods, Materials and Equipment Necessary to
Prepare and Ship Semiconductor Devices as Fully
Warranted Bare Die Product which is referred in this
report as the Technology Assessment Guidelines or TAG.
These guidelines were developed by the KGD task group
as the industry consensus document to be used for the
assessment of the various KGD technologies. We have
added test methods to the guidelines which will enable
'hands-on’ evaluations of various technologies to be done
uniformly. We plan to use the TAG to guide the phase II
evaluations and to make recommendations on updating
the TAG after the evaluations are complete. The latest
revision of the TAG is contained in section 3 of this
report.

The cost model which was developed in phase I was
used primarily to assess the cost of using KGD carriers vs
costs of doing test and burn-in on packaged parts. The
model is also capable of assessing the level of True Good
Die at certain stages of assembly, test and bumn-in which
will enable a cost trade-off analysis for different test
strategies in the phase Il work.

Finally, we have worked with a subcommittee of the
industry task group to define the evaluation and qualifica-
tion testing to be done in phase II. We expect to continue
to work with this group as a steering committee for phase
II for the duration of the contract. The overview of the
phase IT work is contained in this report as section II.
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TAG SCORE SUMMARY used for the phase I assessments by MCC. To understand
Table 12 is a summary of each section of the TAG what different weighting schemes would do the relative
for each technology assessed. This summary isbased on  5¢0res, we have developed a series of Exel spreadsheets

the weights recommended by the TAG subcommittee and i Which the assigned weights can easily be changed.
Several examples are given in the tables that follow.

Table 14 Tag Score Summary (Task Group Weights)

Company Device |Wafer/ ht:r“J Device |Wafer| Probe | Mount JTest& Low| Highi Bum{Pa M Total
Type Dneou%con Design| Fab Saw [ Bum VO |[VO | In | &
I |Test|Test Shi
Generah

Perfect 33 9 9 3 3] 1 4 21 J26|26|25|1 3| 2 | 175
Acsist 33 9 9 3 311 4 21 |26|20|25| 3| 2 | 169
AEHR 33 9 9 3 3| 11 2 21 |26)26|25|1 3] 2 | 173
California 31 9 9 3 3 11 2 21 {24 18|23} 3 2 159
Contacts

Chip 29 9 7 3 0 11 4 21 1211211221 3 2 153
ﬂSugpgy

ELMO 28 9 4 3 ol 1 4 21 1211211221 3| 0 | 147
Fresh 31 9 9 3 3 11 2 21 (24124 |23} 3 2 165
Quest _

GE HDI 28 9 4 3 3 11 4 21 |211211221 3 0 150
Hughes 29 9 4 3 3| 1 4 21 118115119131 2 1141
TRB

IBM 31 9 7 3 0 11 4 21 |25|125{24( 3 2 165
|Dendrites

IBMR3 31 7 7 3 0 71 4 21 (25125124 3 2 163
MCC 31 9 9 3 3| 11 4 21 (221221231 3| 2 | 163
MCNC 31 9 4 3 o 11 4 21 |25|25124 | 3 2 162
Micron 33 9 9 3 3 11 4 21 |24124125] 3 2 171
KGD+

Micron 29 9 4 3 3|1 n 4 21 |(18|18119| 3| 2 | 144
{Softool

Northern 29 9 4 3 3 11 4 21 118118119 3 2 144
Telecom

Packard 33 9 9 3 3| 11 4 21 126126119} 3] 2 | 169
Hughes

Plastronics | 33 9 9 3 3| 1 4 21 118|18|191 3| 2 | 153
Qualhi 33 9 4 3 34§11 4 21 (2626125 3| 2 | 170
Sandia 30 9 7 3 o] 1 4 21 |24)124)125]1 3| 0 | 161
TUMMS 33 9 9 3 31 11 2 21 |26|26125| 3| 2 | 173
Tribotech 33 9 9 3 3 11 4 21 |24124}125] 3 2 171
Yamaichi 33 7 9 3 31| 11 4 21 (26|{26|25| 3| 2 | 173
Average 309 8.8 6.8 30 121 ]109 ] 35 | 21.0 |22.7)21.3]22.5]3.0] 1.6 |1609
S.D. 20 0.6 23 0.0 14 | 06 1.1 00 |32}139125100] 0.8 | 105
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the capabilities for test and burn-in of a small low speed CMOS die, with a low number of peripheral I/O on relaxed

Tablel5: The TAG weights were changed to reflect a specific application. The technologies are assessed to determine
pitch. The weights of the line items of the TAG which are not relevant to this die are simply set to zero.

4
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capabilities for test and burn-in of a large high speed, high power, ECL die, with a high number of peripheral /O on
aggressive pitch. The weights of the line items of the TAG which are not relevant to this die are simply set to zero.

Table 16: The TAG weights were changed to reflect a specific application. The technologies are assessed to determine the
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capabilities for test and burn-in of a large high speed, high power, BICMOS die, with a large number of solder bumped array

Table 17: The TAG weights were changed to reflect a specific application. The technologies are assessed to determine the
1/0. The weights of the line items of the TAG which are not relevant to this die are simply set to zero.




PHASE I OBSERVATIONS

KGD is still the major obstacle to a cost competitive
MCM industry. During the course of phase I of the
program, it has been clear that there is much interest in
the KGD issue. Both as it pertains to the technology being
developed and to the overriding issues of MCM test
strategies, KGD market size and maturity, . Phase I of
this program has focussed on the technology issues with
test and burn-in at the die level. However, even with this
narrow focus, a common understanding of the KGD
issues, problems and opportunities developed among
those who participated in the task group meetings. This is
a valuable by-product of consortia programs such as this.

At this ime there is not an industry-accepted technol-
ogy solution to KGD problem. The industry preferred
methods for assuring KGD (according to the TAG) are
temporary contact approaches. However, the announced
KGD carrier development schedules have slipped in the
past year. Even given that the large IC supplier internal
carrier development programs meet with success, this will
not satisfy the MCM undustry.

For the temporary contact approaches, the contact
mechanism is still troublesome. Reliable, repeatable, low
cost, low Q contact to Aluminum bond pads over
temperature remains a significant technical challenge.
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Appendix 1. Cost Analysis Inputs

The cost mode] used to perform the analyses presented in Section 5.0 relies on the entry of
over 100 inputs. Almost 60 of these inputs (listed below) are related directly to specific KGD
technologies. For the general case we tried to capture a typical range based on our knowledge to
date. Each Monte Carlo simulation randomly selects a data point from within the distribution de-

1 fined below. The software we used allows for a number of different types of distributions. In
general, we chose normal distributions defined by a mean and standard deviations when we assumed
a single population and triangular distributions when we assumed multiple populations or had a
single population that did not lend itself well to a normal distribution. Each Monte Carlo simulation
included 1000 runs which corresponds to 1000 data points selected from within each distribution.

KGD Technology Dependent inputs

Al.1 Materials- Interconnect/Carrier/Socket Assembly:

Multi-use material costs are divided up by interconnect, carrier, and socket costs. Although the
interconnect, carriers, and sockets may not be sold specifically as a function of area and/or pin count,
these elements are entered into the base model to allow for sensitivity to these potential cost drivers.
They can be set at zero if appropriate, and the total cost be entered as cost per piece. The total cost is
calculated by adding the inputs together. For example, using the most likely values listed below, the
cost of the interconnect for a 1 cm die with 100 pins would be $55 + $2*1 + $0.005*100 or $57.50.

It is assumed that the carrier and socket will last through the product life with some level of
replacement (fixed at 10% for the base model). The interconnect is expected to have a more limited
life, as defined by factors such as hours of thermal life and number of temperature cycles to which
the interconnect can be subjected and still make good physical and electrical contact . There is also
a cost associated with replacing the interconnect in the carrier.

Tooling costs or NRE for the interconnect are divided over the total number of units produced.
For the general case, NRE costs for carriers and sockets are included in the base price and are not
entered separately. There may be instances where a temporary contact KGD technology includes the
use of consamable materials. However, these are probably relatively unusual and for the generai
case this input was set at zero.

Interconnect:

The base interconnect cost can be entered as a piece price or as a combination of piece, $/cm,
» and/or $/pin, depending on knowledge of the technology and specific pricing information. For our
baseline, general case, we entered nuvm™bers that would ~roduce a range of approximately $35 to $87
for a 1 cm 100 pin device, with a1 as° rikely cost of $60 (excluding NRE costs). These number are
derived from quotes that we have reccived to date for Phase 2, engineering knowledge, and inputs
from an independent cost analyst. The quotes typically include carrier plus interconnect, so we are
making educated guesses about the break-down of the costs.
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Assumption: Interconnect $/plece Cell: C47

interconnect $/ptece

Triangular distribution with parameters:
Mintmum $34.00
Likellest $55.00 g
Max imum $77.00 8
4
Selected range is from $34.00 to $77.00
$34.00 $44.75 $55.50 $66.25 $77.00
Assumption: Interconnect $/cm Cell: G47
interconnect $/cm
Triangular distribution with parameters:
Mintmum $0.50 -
Likel fest $2.00 S
Maximum $4.00 £
<
Selected range is from $0.50 to $4.00
$0.50 $1.38 $2.25 $3.12 $4.00
Assumption: Iinterconnect $/pin Cell: E47
Triangular distribution with parameters: interconnect $/pin
Minimum $0.001
Likel fest $0.005 g
Maxtmum $0.010 £
g
-

Selected range 1s from $0.001 to $0.010

$0.001 $0.003 $0.006 $0.008 $0.010

Interconnect Replacement Costs:
The cost to replace the interconnect is assumed to equal the cost of performing the origi-
nal insertion. The cost is assumed to be largely labor costs and to take from 1 - 15 minutes at a

rate of $20 per hour.
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Assumption: Replace Inter $/prod Cell: C65

Replace inter $/prod

Triangular distributton with parameters:

Minimum $0.50

Likelfest $2.00 g

Maximum $5.00 g
<

Selected range is from $0.50 to $5.00

$0.50 $1.62 $2.75 $3.88 §85.00

Interconnect NRE Costs:
NRE costs are based on quotes that we have received to date for Phase 2, engineering
knowledge, and inputs from an independent cost analyst.

Assumption: Interconnect Tooling $/prod Cell: E6S

Interconnect Tooling $/prod

Triangular distribution with parameters:

Mintmum $5.000

Likeltest $8.000 g’

Maximum $15.000 ]
£

Selected range is from $5.000 to $15.000
$5.000 $7.500 $15.000

Carrjer:
The carrier cost can be entered as a piece price or as a combination of piece and $/cm, depend-
ing on knowledge of the technology and specific pricing information. For the general case, we
entered numbers that would produce a range of approximately $36 to $62 for a 1 cm 100 pin device,
with a most likely cost of $49 (including NRE costs). These numbers are derived from quotes that
we have received to date for Phase 2, engineering knowledge, and inputs from an independent cost
analyst. The quotes typically include carrier plus interconnect, so we are making educated guesses

about the cost break-down between carrier and interconnect.

Assumption: Carrier $/piece Cell: G34

Carrter $/plece

Trtangular distribution with parameters:

Minimum $36

Likelfest $48 g

Maximum $60 ?é
o

Selected range 1s from $36 to $60

$36 $42 $48 $54 $60
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Assumption: Carrier $/cm2

Triangular distributton with parameters:

Minimum $0.50
Likelfest $1.00
Maximum $1.50

Selected range is from $0.50 to $1.50

Socket;

Probebility

Cell: C40

Carrter $/cm2

VN

$0.50 $0.75 $1.00 $1.25 $1.50

The socket may or may not be an off-the-shelf item. If not, its cost is calculated from the input
assumptions described below. If it is an off-the-shelf item, the exact price can be entered instead. Tn
some instances the socket and carrier are integral to each other. In this instance, the carrier cost is
rolled into the socket cost and zeroed out in the carrier section. For the general case presented in
Section 5.0, carrier and socket costs are treated separately.

Assumption: Socket $/plece

Trtangular distribution with parameters:

Mintmum $10
Likeltest $24
Maximum $34

Selected range 1s from $10 to $34

Assumption: Sucket $/cm

Triangular distribution with parameters:

Mintmum $0.50
Likeliest $1.00
Maxtmum $1.50

Selected range 1s from $0.50 to $1.50

Assumption: Socket $/pin

Triangular distribution with parameters:

Minimum $0.50
Likel test $1.00
Maximum $1.50

Selected range is from $0.50 to $1.50
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Probabitity

Probabitity

Probebility

Cell: 628

Socket $/piece 7

A

$10 $16 $22 $28 $34

Cell: C34

Socket $/cm

V N

$0.50 $0.75 $1.00 $1.25 $1.50
Cell: E34

Socket $/phn

VN

$0.50 $0.75 $1.00 $1.25 $1.50




Interconnect Life

There are a number of factors which will ultimately affect the number of uses possible from a
single carrier/interconnect assembly. These include nontechnology dependent factors such as prod-
uct life and number of bum-in hours per cycles as well as the technology dependent factor listed

below.
Number of Assemblies:

The number of assemblies is the number of times, independent of any temperature cy-
cling, that a die can be placed in the carrier, put in contact with the interconnect, and removed.
We assumed that the majority of the technologies will be able to easily handle 500 assemblies,
independent of thermal or handling damage. 5,000 covers the “infinite uses” claim made by
most suppliers while still falling within the realm of possibility for a two year product lifz.
10,000 is well above the limit likely to be imposed by nontechnology related factors such as
product life and burn-in cycle time.

Assumption: Life (* assemblies) Cell: CS3
Life (= assemblies)

Triangular distribution with parameters:

Minimum S00

Likeltest 5000 g"

Maximum 10000 2
&

Selected range 1s from 500 to 10000

500 2875 5250 7625 10000

Thermal Life (hours):

Thermal life is the number of hours at temperature that a carrier/interconnect assembly
can withstand and still make good contact with a die. This measure is independent of any
temperature cycling (i.e., only otie temperature excursion). One thousand hours was chosen as
a lower limit because it is believed to be consistent with life-times for Cuw/PI interconnect.
3000 hours was selected as the most likely life-time for the interconnect. This is consistent
with our knowledge of test results on Cu/PI based systems. The upper limit is set at 10,000
hours, since there is limited value in exceeding this number given typical product lives and
turn-around times between burn-in uses.

Cell: ES3
Life (Thermal hrs)

Assumption: Life (Thermal hrs)

Triangular distribution with parameters:

Minimum 1000

Likelfest 3000 g

Maximum 10000 2
&

Selected range 1s from 1000 to 10000

1000 3250 5500 7750 10000
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Temperature Cycles:
The number of temperature cycles is the number of times that a carrier/interconnect
assembly can go from ambient to burn-in temperature and still make good contact with a die.

Assumption: Life (Temp cycles) Cell: G53

Life (Temp cycles)

Triangular distribution with parameters:

Minimum 1
Likel lest 500 g’
Maximum 1000 g

1

Selected range is from 1 to 1000

1 251 S00 750 1000

Mechanical failures is the percent of all interconnects which will have to be replaced due
to handling damage.

Assumption: !nterconnect mechanical failure rate Cell: GS8

fatlure rate

Triangular distributfon with parameters:
Minimum 0.00%
Likelfest 2.00%
Maximum 5.00%

Probebility

Selected range 1s from 0.00% to 5.00%

0.00% 1.25% 2.50% 3.75% 5.00%

. Reclaim) of Probe Tips:
The number of times that probe tips can be cleaned without damaging either the intercon-

nect or probe tips (Reclaim/Interconnect) multiplied by the number of times the interconnect/
probe tips can be used between cleans (Uses/Reclaim) will have an effect on the total number
of uses provided by a single interconnect. This particular factor was not used in the analyses

presented in this report, but will be included in the future.

152




Assumption: Uses/Reclatm Cell: CS9

Uses/Reclaim
Trtiangular distribution with parameters: ec

Mintmum 1

Likelest 3 g

Maximum S0 g
<

Selected range is from 1 to SO

Assumption: Reclaims/|nterconnect Cel): ES9

Reclaims/ interconnect

Triangular distribution with parameters:

Mintmum 20

Likeltest 100 g

Max1imum 1000 2
L3

Selected range 1s from 20 to 1000

20 265 S10 7SS 1000

Al.2 Assembly:

Assembly is modeled in two pieces. Pick and place is the the means by which the die is
aligned to and placed into physical contact with the carrier. Lid/spring placement is the means by
which a lid and/or some form of pressure is applied to ensure that the die is physically held within
the carrier and reliable electrical contact between the die and carrier+interconnect is maintained.
Note that the model for the general case assumes that the same carrier will be used for both burn-in
and test. If this is not the case, this step will have to be included twice.

Pick and Place:

Pick and place is divided into three pieces for ease of modeling. There may be only a single
piece of equipment, but it will have all three of the functions below. The cycle time for this step is
taken as the maximum of the three pieces, carrier align, die align, and attachl (i.e., placement of the
die into the carrier). Labor times for automated systems are set equal to equipment cycle times,
although the model permits this value to be set as a ratio to equipment time. For the general case we
assumed no non-equipment related labor time for automatic systems, but the model will permit entry
of this input if needed. For manual systems, all labor and cycle times are calculated from the entry
“Align Manual Labor”.

Cartier Alien:

This step covers handling of incoming carriers and subsequent placement of the carriers
at some reference point to which the die can be aligned. In the case of a manual operation, this
may be a simple plate.
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Assumption: Carrier Align $/unit (manual) Cell: C73

Carrier Align $/untt (man)

Triangular distribution with parameters:
Minimum $1.000
Likel fest $1.500 g .
Maximum $2.000 g
-8
Selected range s from $1.000 to $2.000
$1.000 $1.250 $1.500 $1.750 $2.000 '
Assumption: Carrier Align $/unit (auto) Cell: C74
Carrter A funtt
Triangular distribution with parameters: arrier Align $/un
Minimum $40.000
Likeltest $60.000 E
Maximum $80.000 ié
(-9
Selected range is from $40,000 to $80.000
$40.000 $60.000 $80.000
Assumption: Carrier Align sec/unit Cell: E73
Triangular distribution with parameters: Carrier Align sec/untt
Mintmum 3
Likelfest 5 g
Maximum 10 %
a.

Selected range {s from 3 to 10

Die Alien:
The die may be aligned manually with the aid of a microscope, mechanically using the

edge of the silicon die as a reference, or visually using a computer aided vision system It is

presumed that the mechanical method will be faster than a optical system, whether the latter is

manual or automatic Alignment tooling is anything that is product specific needed in the *

alignment of the die. This cost is expected to be small, and highest for mechanical align.




Assumption: Die Align $/unit (manual)

Triangular distribution with parameters:

Minimum $2.000
Likel test $10.000
Maximum $20.000

Selected range 1s from $2.000 to $20.000

Assumption: Die Align $/unit (mechanical)

Triangular distribution with parameters:

Minimum $40.000
Likeltest $60.000
Maximum $80.000

Selected range 1s from $40.000 to $80. 000

Assumption: Die Align $/umit (visual)

Triangular distribution with parameters:

Minimum $60.000
Likellest $120.000
Maximum $200.000

Selected range 1s from $80.000 to $200.000

Assumption: Die Align secsunit (visual. manual or auto)

Triangular distribution with parameters:

Minimum 6
Likeltest 12
Maximum 30

Selected range 1s from 6 to 30
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Probebitity Probability

,

Probability

Cell: G73

Die Align $/unit (man)

$2.000 $11.000 $£20.000

Cell: G674

Die Align $/unit (mech)

$40.000 $60.000 $80.000

Cell: 675

Die Align $/untt (vis)

$80.000 $140.000 $200.000

Cell: C81

Die A lign sec/untt
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Assumption: Die Align sec/unit (mech) Cell: C82
Die Align sec/unit (mech)

Triangular distribution with parameters:
Mintmum 3
Likeltest S 1
Max imum 10 3
£
Selected range 1s from 3 to 10
Assumption: Align Tooling $/prod (manual) Cell: E8t

Align Tooling $/prod (man)

Triangular distribution with parameters:

Minimum $0
Likeltest $500
Maximum $£1.000

Probebility

Selected range is from $0 to $1.000

$o $250 $500 3750 $1.000

Assumption: Align Tooling $/prod (mechanical) Cell: EB2
Align Tooling $/prod (mech)

Triangular distribution with parameters:

Minimum $0
Likeltest $1.500
Maximum $3.000

Probabiiity

Selected range 1s from $0 to $3.000
$0 $750 $1.500 $2.250 $3.000

Assumption: Align Tooling $/prod (visual) Cell: E83
Align Tooling $/prod (vis)

Triangular distribution with parameters:

Minimum $0
Likeliest $1.000
Max imum $2.000 [

Selected range 1s from $0 to $32.000

Probability

$0 $500 $1.000 $1.500 $2.000
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Assumption: Align Man Labor sec/unit (manual) Cell: G681

Align Man Labor sec/untt (man)

Trtangular distribution with parameters:

Minimum 2

Likeltest 10 g

Maximum 30 g
<

Selected range is from 2 to 30

Placement of Die (Attachl)

Attachl puts the die in contact with the carrier+interconnect but does not provide a
mechanism to secure the attachment of the die to the carrier. This step may be modeled as
either an automatic or manual step. Labor times are set as equal to the equipment cycle times

in the case of the former.

Assumption: Attachi Equip $/unit (auto) Cell: C91

Attachl Equip $7untt (aute)

Triangular distribution with parameters:

Mintmum $10.000
Likeltlest $50.000
Maximum $100.000

Probabitifty

Selected range 1s from $10.000 to $100.000
$10.000 $55.000 $100.000

Assumpttion: Attacht Equip sec/unit (auto) Cell: E9O

Attach1 Equip sec/untt (mech)

Triangular distribution with parameters:

Mintmum 2

Likeltest 5 g

Maximum 10 £
£

Selected range 1s from 2 to 10
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Assumption: Attacht! Man Labor sec/unit (manual) Cell: G889
Attach1 Man Labor sec/unft (man)

Triangular distribution with parameters:

Minimum 2

Likelfest 10 g‘

Maximum 30 €
&

Selected range {s from 2 to 30

Lid/spring ol :

This step, termed Attach2, refers to placement of lids, caps, springs, screws, etc. which keep
the die contained within the carrier and which apply force to the system to bring the die and inter-
connect into reliable electrical contact. This step may be modeled as either an automatic or manual

step. Labor times are set as equal to the equipment cycle times in the case of the former.

Assumptton: Attach2 Equip $/unit (auto) Cell: Co98
Attach2 Equip $/untt (aute)

Triangular distribution with parameters:

Minimum $10.000

Likeltest $80.000 g‘

Max imum $400.000 g
&

Selected range is from $10.000 to $400.000
$10.000 $20S5.000 $400.000

Assumption: Attach2 Equip secs/unit (auto) Cell: EQ8
Attach2 Equip sec/untt (mech)

Triangular distribution with parameters:
Minimum 2
Likelfest 6 2
Maximum 24 2

&

Selected range is from 2 to 24
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Assumption: Attach2 Man Labor sec/unit (manual)

Triangular distribution with parameters:

Minimum 2
Likeliest 20
Maxtmum 60

Selected range s from 2 to 60

Al1.3 Disassembly:

Probebility

A

Cell: C10S

ttach2 Man Labor sec/untt (man)

Disassembly is the step which removes the lids, springs, etc., that hold the die in contact with
the carrier+interconnect. Placement of the die into a waffle pack for shipping also occurs at this
step. Note that the mode! for the general case assumes that the same carrier will be used for both
burn-in and test. If this is not the case, this step will have to be included twice.

Disassembly may be modeled as either an automatic or manual step. Labor times are set as

equal to the equipment cycle times in the case of the former.

Assumption: DisAssm Equip $/unit (auto)

Triangular distribution with parameters:

Minimum $20.000
Likeltest $80.000
Maxtmum $300.000

Selected range s from $20.000 to $300.000

Assumption: DisAssm Equip sec/unit (auto)

Triangular distribution with parameters:

Mintmum 3
Likeliest 10
Maximum 30

Selected range ts from 3 to 30
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Probability

Cell: 6106

DisAssm Equip $/untt (auto)

$20.000 $160.000 $300.000

Cell: C114

DisAssm Equip sec/unit




Assumption: DisAssm Man Labor secsunit (man) Cell: G113

DisAssm Man Labor sec/unit (man)
AJ |
6 20 33 46 60
Al.4 Reclaim/Clean:

It is assumed that most probe tips will need to be cleaned or otherwise maintained/reclaimed.
This may be done chemically and/or physically, depending on the materials and configuration. The
equipment costs used for the general case are probably on the high side, but given that this is a
largely undefined step, it was decided to err on the side of caution. It was also assumed that there
might be a significant amount of manual labor involved. This step can be modeled more accurately
once specific materials and configurations are better defined.

Triangular distribution with parameters:

Mintmum 6

Ltkeltest 15 :=?

Maximum 60 g
&

Selected range 1s from 6 to 60

Assumption: Reclaim Equip S/unit Cell: E121
Reclaim Equip $/unft

Triangular distribution with parameters:

Mintmum $50.000
Likeltest $80.000 g
Max tmum $400.000 g
<
Selected range 1s from $50.000 to $400.000
$50.000 $225.000 $400.000
Assumption: Reclaim Equip sec/unit Cell: G121

Triangular distribution with parameters: Reclaim Equip sec/unit

Minimum 1
Likelfest S
Maximum 30
o
Selected range is from 1 to 30
1 8 16 23 30
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Assumptian: Reclaim Man Labor sec/unit Cell: C127

Reclaim Man Labor sec/unit

Triangular distribution with parameters:

Mintmum o

Ltkel test 10 g

Maximum 30 fg
<

Selected range is from O to 30

Al.5 Failures:

The model is intended for use in larger modeling efforts where costs of entire systems are
evaluated from wafer fab through module assembly and test. For this reason, it is desirable to have a
measure of the outgoing defectivity of the bare die. The model calculates the level of defectivity and
refers to it as True Good Die or TGD. This is a measure of escapes within the KGD population. For
the current KGD modeling effort, assembly induced failures are added to the incoming defectivity
levels at final test, but disassembly induced failures are always escapes since there is no test and sort
mechanism after the die are removed from the carrier.

fail
Assembly induced failures are a measure of electrically identifiable failures which occur as a
result of damage incurred during die to carrier assembly.

Disassembly induced failures are a measure of electrically identifiable failures which occur as
a result of damage incurred during die to carrier disassembly.

Assumption: Assem induced per pin fatlures (ppm) (manual) Cell: E105

Assem induced per pin fatlures (ppm) (manual)
Triangular distribution with parameters:

Mintmum S0

Likeltest 100 2

Maximum 500 €
<

Selected range ts from S0 to 500

50 162 275 388 S00
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Assumption: Assem induced per pin fatlures (ppm) (mechanical) Cell: E106
Assem induced per pin fatlures (ppm) (mech)

Triangular distribution with parameters:

Minimum 10

Likeltest 20 2

Maximum 100 g
£

Selected range is from 10 to 100

Assumption: Assem induced per ptn failures (ppm) (vtsual) Cell: E107

Assem induced per pin fatlures (ppm) (visual)

Triangular distribution with parameters:

Minimum S
Likeliest 10
Maximum S0

Selected range is from 5 to SO

Probability

Assumption: DisAssem induced failures (man) (ppm) Cell: C121

DisAssem induced fatksres (man) (ppm)

Triangular distribution with parameters:

Mintmum S0
Likeltest 100
Maximum 500

Probability

Selected range 1s from S0 to S00

o
Y
N
L]
u
o
&
o
@
o
o

Assumption: DisAssem induced failures (auto) (ppm) Cell: C123

DisAssem induced faflures (vis) (ppm)

Triangular distributton with parameters:

Minimum S 1
Likeltest o £
Maximum S0 g

&

Selected range is from S to S0
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KGD Technology Independent inputs

A1.6 Production Hours:
The minimum number of production hours is set at 4000 hours (two 8-hour shifts, 5 days per
week, 50 weeks per year). The maximum set at 8760, 365 days a year, 24 hours a day.

Assumption: Production Hrs/Yr Cell: E20

Triangular distribution with parameters: Production Hrs/Yr

Mintmum 4000

Likeltest 6000 g

Maximum 8760 g 1
a

Selected range ts from 4000 to 8760

4000 5190 6380 7570 8760

A1.7 Labor rates:
Wages for direct employees are determined from 3 different inputs, operator wages, burden
rate, and nonproduction time.

Operator wages.
The mean base wage is set at $12.50/hour with a standard deviation of $1.25, resulting in an
effective range of $8.75 to $16.25.

Assumption: Oper wages $/hr Cell: 620

Oper wages $/hr

Normal distribution with parameters:
Mean 12.50
Standard Dev. 1.25

Probabitity

Selected range 1s from - to

8.75 10.62 12.50 14.38 16.2S5

Burden rate.
The mean burden rate is assumed to be 20% with a standard deviation of 1.5%, giving an

effective range of 16-24%. This is the effective cost of benefits, etc.
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Assumption: R Burden Rate Cell: C24

® Burden Rate

Normal distribution with parameters:
Mean 20.0%

Standard Dev. 1.S%

Probability

Selected range is from - to

1S.5% 17.868% 20.0% 22.2% 24.5%

Nonproduction time.
This is a measure of the time an operator spends not directly running production. The mean is
set at 20% with a standard deviation of 2%, and an effective range of 14 to 26%.

Assumption: Non-prod % time Cell: E24

Non-prod % time

Normal distribution with parameters:
Mean 20.0%

Standard Dev. 2.0%

Probability

Selected range is from - to

140% 17.0% 20.0% 23.0% 26.0%

Al.8 Yield:
Yield is calculated from three different assumptions.

Test Coverage at Wafer Sort.

This is a measure of the test effectiveness or test coverage at wafer sort. The assumed mean is
80% and the standard deviation is set at 3%. The upper level of 90% is probably most appropriate
for major suppliers like Motorola and Intel and for devices like DRAMs. The industry/device
average is thought to be closer to 80%. For an explanation of this factor and its use see Williams

and Brown [1].
Assumption: % Test Cov Celi: C20 .
Normal dtstribution with parameters: % Test Cov
Mean 80.0%
Standard Dev. 3.0% i

Probebility

Selected range is from - to

71.08% 75.5% 80.0% 84.5% 89.0%
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Test Coverage at Final Test,
This is a measure of the test effectiveness or test coverage at final test. Assumed is a fixed
value of 99%. For an explanation of this factor and its use see Williams and Brown [1].

Defect Density in Wafer Fab

Defect density is a measure of the total defectivity of the wafer which may or may not be
detected at test [2]. This value is fixed at 0.5 defects per cm2. Defect density is a measure of all
defects which, given enough time and use, will eventually produce an electrical failure in the die.
Some portion of these defects will escape burn-in and test and will result in field failures. Yield is
calculated as a function of this number and test coverage.

Summary of Inputs

Range or
Factor Likeliest or Standard

Mean Deviation.
Interconnect
Interconnect $/piece $55.00 $34 - §77
Interconnect $/cm $2.00 $0.50 - $4.00
Interconnect $/pin $0.005 $0.001 - $0.010
Replace Inter $/prod $2.00 $0.50 - $5.00
Interconnect Tooling $/prod $8,000 $5,000 - $15,000
Carrier
Carrier $/piece $48 $36 - $60
Carrier $/cm2 $1.00 $0.50 - $1.50
Socket
Socket $/piece $24 $10-$34
Socket $/cm $1.00 $0.50 - $1.50
Socket $/pin $1.00 $0.50 - $1.50
interconnect Life
Life (# assemblies) 5000 500 - 10,000
{Life (Thermal hrs) 3000 1000 - 10,000
Life (Temp cycles) 500 1 - 1000
Uses/Reclaim 3 1-50
Reclaims/interconnect 100 20 - 1000
interconnect mechanical failure rate 2.00% 0.00% - 5.00%
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Range or
Factor Likeliest or Standard
Mean Deviation.
Alignment
Carrier Align $/unit (manual) $1,500 $1,000 - $2,000
Carrier Align $/unit (auto) $60,000 $40,000 - $80,000
Carrier Align sec/unit 5 3-10
Die Align $/unit (manual) $10,000 $2,000 - $20,000
Dle Align $/unit (mechanical) $60,000 $40,000 - $80,000
[Die Align $/unit (visual) $120,000 | $80,000 - $200,000
Die Align sec/unit (visual, manual or auto) 12 6-30
Die Align sec/unit (mechanical) 5 3-10
Align Tooling $/prod (manual) $500 $0 - $1,000
Align Tooling $/prod (mechanical) $1,500 $0 - $3,000
Align Tooling $/prod (visual) $1,000 $0 - $2,000
Align Man Labor sec/unit (manuat) 10 2-30
Attachi
Attach1 Equip $/unit (auto) $50,000 $10,000 - $100,000
Attach1 Equip sec/unit (auto) 5 2-10
Attach1 Man Labor sec/unit (manual) 10 2-30
Attach2
Attach2 Equip $/unit {auto) $80,000 $10,000 - $400,000
Attach2 Equip sec/unit (auto) 6 2-24
Attach2 Man Labor sec,unit (manual) 20 2-60
[Disassembly
DisAssm Equip $/unit (auto) $80,000 $20,000 - $300,000
DlsAssm Equip sec/unit (auto) 10 3-30
DisAssm Man Labor sec/unit (man) 15 6 - 60
Reclaim/Clean
Reclaim Equip $/unit $80,000 $50,000 - $400,000
Reclaim Equip sec/unit 5 1-30
Reclaim Man Labor sec/unit 10 0-30




‘Range or

Factor Likeliest or Standard
L Mean Deviation.
Failures
Assem induced per pin failures (ppm) (manual) 100 50 - 500
Assem induced per pin failures (ppm) (mechanical) 20 10-100
Assem induced per pin failures (ppm) (visual) 10 5-50
DisAssem induced failures (man) (ppm) 100 50 - 500
DisAssem induced failures (auto) (ppm) 10 5-50
KGD Technology Independent inputs
Production Hrs/Yr 6000 4000 - 8760
Oper wages $/hr 12.5 1.25
% Burden Rate 20.00% 1.50%
Non-prod % time 20.00% 2.00%
% Test Cov at Wafer Sortf 1] 80.00% 3.00%
% Test Cov at Final Test [1] 99.00% none
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PHASE I VALIDATION PLAN
Executive Summary Under the Phase I effort, MCC has assessed the
Our findings in Phase I reveal much activity and technology, determined readiness and identified cost

. \ . . . drivers for KGD carriers. The price, availability, and
m£ :;c mm::pfdgg gﬁ:ﬁ;’:ﬂ applicability of die level KGD carrier technologies have
o been determined through the release of RFQ’s for the
show a definite bias toward temporary contact methods as Phase Il validation. Three RFQs (carriers, test and burm-
evinced by the top scoring technologies all being tempo- . . . ’
rary contact methods. However, these technologies have 1n services anq die) and 2 $tatement of \York .w ere sent
not been proven, and we attribute the delay in prod out to companies fkvelopmg. KGD solutions in the
introductions to underestimating the difficulty of the {ndust.ry.AsamaJoremphasxswasputonmepmduct
problems with probing Al pads on silicon, and hence, a Insertion sFage of.the Phase H work, an addenda to the
tendency to underfund development efforts; especially RFQ for die was 1ssued_ spelling out the tstmg reqmre-
with lack of industry consensus behind any one method. menfs and expected deliverables fqr the die :supp.her. .
The lack of a cost effective technology for assuring Copies of the RFQs and SOW are included in this section
Known Good Die remains the stumbling block to wide- ~ °F (¢ Phase I report as an appendix.

e Oty oA
The goal of the Phase Il work is to develop industry . Planming stages anc has delined
conﬁdencge that one or more KGD solutions is in place these test p!ans. This steering committee will transition .
and is effective at supplying KGD into real applications. .00 a0 advisory board once Phase II commences and will

. be responsible for decision points in the Phase II project.
posed of three .
The plan is composed of three stages Figure 1 illustrates the overview of the KGD project,
* Evaluation showing the relationship of Phase I to Phase IL
¢ Qualification
* Product Insertion

Phase Il

Evaluation :
Tool & Test KGD
Carriers S

Technology
t
Cost
modelin
q and g

11 Responses | analysis

Figure 1: KGD Project Overview: This report summarizes the resuits of phase I, and outlines the plans for phase II.
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1.0 PuasE I EVALUATION
Based on available funding for testing costs, we

propose to evaluate four or five selected KGD approaches

of the 24 assessed in Phase I (See Table 2, Subsection
1.0). The evaluation of the four or five selected ap-

proaches will be based on the industry generated Technol-

ogy Assessment Guidelines (TAG) and the Phase II

steering committee direction. The tests will be performed

on KGD carriers in a laboratory setting using blanket
aluminum or ink-dot die only. The following are tests
that will be used to evaluate the carriers performance as
specified in the TAG'. These tests will be performed at
MCC’s laboratories (or subcontracted to a qualified test
company where appropriate).

1.1 Phase II Tests

Test Method 1. Planarity of Die/Interconnect

KGD carrier interconnect will be tested for its

contact resistance to a dummy die with mul-
tiple Al layers to provide a range of pad
heights.

TesT METHOD 2. DIE DAMAGE OR CONTAMINATION

Die will be stationed in KGD carrier or socket

and removed per manufacturer’s specifica-
tions. Die will be inspected for bond pad
damage due to probe contact per MIL Stan-
dard 883D Method 2010.10. Die will be in-
spected for damage to layers underlying the

bond pad metal due to probe contact per MIL
Standard 883D Method 2010.10. Die will be
tested for loss of adhesion to die attach mate-
rial from damage or contamination of back
side of die due to Carrier or socket contact per
MIL Standard 883D Method 2019.5. Die will be
inspected for intermetallic formation on bond
pad due to probe contact with Auger Electron
Spectroscopy per ASTM method E 827-88
prior to and after temperature and humidity
(85/85) exposure for 168 hours.

Test Method 3. Temperature Cycling

KGD carrier will be temperature cycled per
MIL Standard 883D Method 1010.7 except
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with a temperature ranges of 0 °C to 85 °C,
0°C to +125° C, and -55 °C to 150 °C.

Test Method 4. Contact Resistance

KGD carrier interconnect will be tested for its
contact resistance per MiL Standard 883D
Method 3017.3.3. Contact resistance must be
less than or equal to 0.5 Q. KGD carrier
contact resistance will be measured prior to
and during temperature cycling.

Test Method S. Maximum Clock Frequency, Charac-
teristic Impedance, and Bandwidth

KGD carrier interconnect will be tested for
TDR rise time per MIL Standard 883D Method
3017. The characteristic impedance will be
measured from the impedance waveform
display on the TDR. The characteristic imped-
ance must be within 10% of the designed
impedance. Using the same test setup while
replacing the TDR with a network analyzer, the
KGD carrier interconnect will be tested for its
bandwidth per MIL Standard 883D Method
4004.1.3.4. Bandwidth must be greater than or
equal to 500 MHz. MIL Standard 883D Method
3018 will be used for measuring the level of
cross coupling of signails and noise between
pins, although no rules have been defined.

Test Method 6. Die Damage or Contamination After
Two Touchdowns

Die will be stationed in KGD carrier or socket
and removed twice per manufacturer’s specifi-
cations. Die will be inspected for bond pad
damage due to probe contact per MIL Stan-
dard 883D Method 2010.10. Die will be in-
spected for damage to layers underlying the
bond pad metal due to probe contact per MIL
Standard 883D Method 2010.10. Die will be
tested for loss of adhesion to die attach mate-
rial from damage or contamination of back
side of die due to Carrier cr socket contact per
MIL Standard 883D Method 2019.5. Die bond

1 These test methods were added to the TAG, making it revision 3.0, which is included as Section III of this report.




IC/Carrier
Establish Materials Requirement
ATD supplies IC supplie KGD Phase
¢
Iéaﬁ- Carrier TAG evaluations - Test | Test Chips Reqid| Live Chips Reqd| Carriers Req'd}
p
Ib - Qualification Tests- Live Chip  |Test Chips Reqd] Live Chips Reqd| Carriers Req'd}
Tb - Qualification Tests - IC supplier |Test Chips Reqd| Live Chips Reqd| Camriers Reqd]
internal tests
Ph a?e IT Product
IIb - Production Tests Test Chips Roqd] Live Chips Reqd] Carriers Reg ;nsgrtlon :
| Production of KGD - Information
from tests supplied to MCC
Cost/risk Analysis
Visual Inspection
Functional Test
Burn-in
Package
Accelerated Lite
Tests
Figure 2. This worksheet represents the test plan which
the subcommittee of the KGD task group developed for
the phase II validation. The three stages of phase II are
shown, with a brief description of testing activities
taking place during that stage. The figure is a two page
spread and continued overleaf. It is intended to serve as

a worksheet to be developed for each selected Phase I
evaluation/qualification planned for Phase II.

pads will be tested for compliance with bond
strength requirements per MIL Standard 883D
Method 2011.7 conditions C and F. Test 6 will
be repeated after temperature cycling and
burn-in.

Test Method 7. Burn-in Test
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KGD carrier will undergo bum-in per MiL
Standard 883D Method 1015.8 . Test method
for contact resistance (test method 4) will be
applied during bum in. Visual inspection per




II Test Plan
¥ Phase II Evaluation

TAG evaluation ot camer with test
1 (dummy) chips - MCC responsibility

Phase II ualification

) Mechanical
' { Qualification to MCC requuements— _Lnspection
, IC supplier responsibility “Non-plananty
1 L__measurement
-‘- | [Tz
’ "Pack and Ship
_____  method evaluation
Visual Inspection
u quotanon lC supplier i mtcrna]
fication should be specified in
Assemble Die into Carri&s
Visual Inspection —————— Electrical Test
Electrical Test—— | ——— V
' Temp Cycle
Monitored Burn-in  /
' Electrical Test
Electrical Test —— _—V '
' Failure Analysisy ~ Accelerated Life
» Package mswmmmsll  Destructive Tests Test
Qualification Test Flow
N MiL Standard 883D Method 2009.8 will be tance test. The KGD carriers’ thermal resis-
performed after burnin. tance will be tested using two test methods.

One method would be to measure the junc-
tion-to-ambient thermal resistance in a forced
or free convection environment. This method

Test Method 8. Thermal Resistance

KGD carrier will be tested for its thermal
resistance per MCC specified thermal resis-
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could be similar to

(incioae 03550
the SEMI specifica- 125°, & -55-150°) o~ Contactresistance tests
tion G38, with the |y ) O
exception of using a
thin film resistor
sputtered on silicon I:x::ogl die }:::;j die
rather than a “‘“’\_;i’fﬁ__,O_eg_ugmmm;,O Tempeyde  ~ coniamination 4
thermal test chip. ~
Another method
Burn-in Test with Test for die Burn-in Test with Test for die
would be to mea- contac e 1act resistance damage/ commmgmnce' damage/
. P \ moni o\ Conlamination o~ moni T\ contamination /4
sure junction-to- u *\ u @,
ambient and junc-
tion-to-case thermal Thermal Resistance test y
resistances in a
system which uses s .
a flat ing sur- \Tist clock frequency, characteristic impedance, bandwidth and cross-talk -
face to a coid plate KGD Carrier Evaluation Test Flow
for ltssf primary he_at Figure 3: This figure shows the sequence in which the selected KGD carriers will be
transfer mechanism. .1 00e in accordance to the TAG test methods
Tsf Method 9. CnnB!umacl In providing test and bum-in for a specific die. In other

KGD carrier interconnect will be tested for its
contact resistance per MIL Standard 883D
Method 3017.3.3 during the test method for
bumn-in (test method 7). Contact resistance
must be less than or equal to 0.5 Q.

Figure 3 shows the sequence of tests which will be
done in conjunction with the Phase II evaluation of KGD
carriers.

The above test methods were developed to character-
ize particular KGD approaches using the TAG guide-
lines. One additional test that has not been specified, but
which we will recommend as part of the Phase II evalua-
tion is to determine number of reuses. MCC will recom-
mend to the Phase II subcommittee that a test (or series of
tests) be identified to evaluate number of carrier assem-
blies (die load/unload), time at temperature and number
of temperature cycles. This additional testing recommen-
dation is the result of our cost modeling work which
suggests that number of reuses of KGD carriers is a key
cost driver.

The KGD program will tool suppliers to build these
carriers for particular die specifications. Each carrier
supplier will team with an IC supplier and tool for

words, each carrier supplier will be tooled to accommo-
date a different die.

1.2 IC SuprLIER Tasks FOR PHASE IT EVALUATION
The IC supplier will be respoasible for perfor-

mance of the following tasks for the Phase II evaluation.
Procure and supply the required numbers of dumnmy
(ink dot) die for the KGD Technology demonstration
for Phase II evaluation.
Contract with a selected KGD carrier Supplier

Design and fabricate the test sockets for the test and
burmn-in boards for the production device to be used in the
demonstration.
Provide the KGD carrier supplier with all documenta-
tion necessary to fabricate the test and burn-in sockets
and carriers.
Supply a number of example die for the Phase Il
evaluation.
Design and procure the test board for interfacing to
carrier’s socket.
Perform thermal analysis

Establish bum-in temperature to emulate existing
production bumn-in junction temperature levels.
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2.0 PaASE II QUALIFICATION

The Phase I advisory committee will recommend
selection of one or two carriers for full qualification
testing. The selection will be based primarily on the

. carrier’s capability to meet the test and burn-in require-
ments of the specific die for which it has been tooled.
This capability will be determined in Phase II evaluation
using the test methods based on the TAG (as described

$ above). Qualification testing will take place in the IC

supplier’s factory on a limited number of die (our test
plan calls for 100 devices or less). The Phase II steering
committee has developed a minimal qualification plan.
Since the goal for the qualification is to develop the
capability to supply KGD in a particular supplier’s IC fab
line, the expectation is that the IC supplier will have
additional testing before the KGD technology is fully
qualified to be used in production.

Phase H Carrier Evaiuation &

Qualification Flowchart
Phase i RFQ Responses Generate Preliminary
1) Carrier/Sockets l Phase [a/b Test Plans
2) Die Types —

L 3) Assembly, Test, Burn In )

W milestone

O Tex

CTO Phase I Task

Figure 4. This flow diagram
committee.

2.1 Puast II QUALIFICATION TAsks

The IC supplier will use the following test
procedures as minimum recommended qualification
requirements. Each IC supplier will add additional tests
or more stringent procedures if required to facilitate full
qualification in their fab line.

Modify the existing production device fixtures,
loadboards, test programs, etc. to work with the
carrier test socket.

Supply the required numbers of functional die for
the qualification plan

Visually inspect each die after die is assembled into
carriers

Functionally test each die in KGD carrier.

Burn-in each die using the KGD carriers.

The thermal environment should be maintained
as close as possible to the production burn-in levels at
the IC junctions. Monitor devices to assure continuous
electrical contact.
Test each die after
burn-in using the
KGD carrier.

Package devices to standard
production requirements.

A subgroup control lot should
be used only if similar accelerated
life test data is not available from the
production devices.

Accelerated Life Test Minimum
Requirements

If the final

. package is a hybrid
or multi-chip moduie,
accelerated life test
the package with a
KGD device per Mil-
H-28534 group C
requirements.

If final
package is a single
chip device, then use
Mil-H-38535 table V
group C steady state
life test, which

g requires 45 func-




tional parts.
Temperature Cycle

5 samples from above accelerated life tests will
be subjected to temperature cycle per MIL-STD-883,
Mettiod 1010 Condition A(-55 to 85 C) at intervals of 100
cycles and electrically tested. Temperature cycling is to
continue till failure or 1000 cycles, whichever occurs first.
Provide a final report documenting all testing and test
results.

Once qualification is complete, the IC supplier will
have the capacity to begin selling KGD based on the
selected approach.

3.0 Puase IT PRODUCT INSERTION

The final stage of Phase Il is a product insertion. At
this stage, the IC supplier will have developed a qualified
process for producing KGD and will be providing die into
an application. We will acquire data on the KGD shipped
into the product to determine the efficacy and cost
effectiveness of the process.

3.1 PropUCTION INSERTION TASKS

Provide KGD production insertion information.
This includes actual cost figures which can be

used to compare test strategies.

Document all qualification additions or changes in
writing to MCC.

The IC supplier will perform failure analysis on all
failures as they occur and send documentation and
failed parts to MCC.

3.2 Puase I RFQ RESPONSES

The following companies have indicated they will
quote either carriers, die or test and burn-in services for
Phase II.

4.0 CONCLUSION

The quotations from the companies have been
evaluated according to the criteria specified in the RFQs.

Criteria Importance
Technical .......... 40%
Schedule............ 30%
Cost...ooenerrennnens 20%

Management..... 10%

The final selection of KGD technologies to be
evaluated in Phase II will be made when the Phase II
plans are approved by ARPA. The details of the Phase II
testing, schedules and milestones will be developed with
the KGD Task Group subcommittee when the exact KGD
carriers, die and test and bum-in requirements are se-
lected.

Company Will Quote Teamed With % Product Die
Aehr Test Systems er, 1 & Bl arns(die) 1iber-optic Xmtr 136 lead, 6mm”2
er, I & BI, die A - Various
er, arms (die, T & RI) lRadlo Receiver - 145 lead, DSP
ier, 1 & Bl die A arious Various
er at'l(die, T & BI) elecom Memory
er, I & Bl, die Memory
1er ps (die, T&BI)  JAutomotve "Microcontoller
S er hip Supply (die, T & Memory
1§ :
Johnstech 1Carrier, 1 Display Driver
High ier at'l (die, T & BI) elecom Logic
Falifornia Contacts Eer one NA

Table 1. List of companies which have responded to the RFQs issued in Phase 1. Most of the carrier suppliers are

teamed with IC suppliers (or MCM assemblers).
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MCC TECHNICAL REPORT
‘ HVE-093-93

RFQ: Fabrication of Known Good Die
Test and Burn-in Carriers

© 1993 Microelectronics and Computer Technology Corporation. All Rights Reserved.
' Members of MCC may reproduce and distribute this material for internal purposes by retaining
MCC copyright notice and proprietary legends and markings on all complete and partial copies.
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Request for Quotation - Fabrication of Known Good Die Test and Burn-in Carriers

Reference:

1) Technology Assessment Guideline for Methods, Materials and Equipment Necessary to
Prepare and Ship Semiconductor Devices as Fully Warranted Bare Die Product, Revision
2.5.

2) Statement of Work for the Procarement of Known Good Die, HVE-092-93.

3) Standard for Known Good Die, JEDEC modified Version 2.0, 18 May 1993, as submitted
for ballot.

4) Standard for Flip Chip Known Good Die (FCKGD), working Version 1.0, 22 July 1993,
based upon JEDEC Wire Bonded KGD ballot version.

Microelectronics and Computer Technology Corporation, Known Good Die (hereinafter referred to
as "MCC, KGD") is hereby requesting a firm, fixed-priced Quotation for the below-mentioned
products and services as specified in the work section of this RFQ. Please pay close attention to
the Quotation parameters, direct omissions may cause your inputs to be non-acceptable.

Section I - Material Quotation

I. The Work
The Supplier shall furnish materials, supplies, services, special manufacturing aids, and facilities
not furnished by the Buyer. The Supplier shall perform the work necessary to fabricate, assemble,
test, and deliver the items specified below in accordance with the schedules, instructions,
specifications and documents.

Any drawings referenced in this document and any other specifications and documents referenced
herein, are hereby incorporated and made a part hereof, and shall be applicable to all work listed
below. Deliverable items shall be provided in accordance with the attached Statement of Work.

The receiving party of this RFQ agrees to disclose such proprietary information necessary to
sufficiently describe and document the Known Good Die Assurance Technology Devices
(hereinafter referred to as "KGD ATD") and methods to be used by the Supplier. This information
is to be clearly marked as confidential and proprietary in order that MCC, KGD may adequately
protect this information. MCC, KGD agrees to protect this proprietary information according to
prior agreement with the Supplier, and to reveal such proprietary information only to its employees
with a need-to-know, and not to any third party.

**Accepting this RFQ Constitutes Agreement**

II. Deliverable Items/Descriptions

The Supplier is requested to submit a cost for each item of his preference listed below in
accordance with the attached Technology Assessment Guidelines (reference 1). However, cost
should include at a minimum one choice of items 1 through 4 and must include items 5 and 6.
Each item should be priced separately with purchase order awards being on an item by item basis.
Supplier should estimate the number of components (including yield loss) of each type required to
yield the as specified quantities for each item. This yield loss estimate for each item should be
included in the Quotation.

The same Technology Assessment Guidelines will be used to evaluate all KGD ATD method-
ologies. The dash number (xx) will be used to identify specific characteristics of an individual
KGD integrated circuit category. To date the dash number refers to the following specific KGD

die types:
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Device Type Test Vehicle Description
-01 DRAM memory
-02 SRAM memory
-03 ASIC, DSP, or puProcessor
-04 Mixed signal or analog integrated circuit

The device carrier (for carrier based methodologies) shall be as defined per the vendor specifi-
cation. Devices shall be connected to the carrier using wire bond, tape automated bonding (TAB),
and/or other technologies. Drawings of the device carriers and descriptions of their use and cost

-

are to be provided by the Supplier.
Item | Quantity _Description Buyer-Supplier Responsibilities
1) 100 KGD ATDs tor DRAM IC The Supplier should bid this item with the
500 components, completely Buyer supplying the (bumped or unbumped)
1000 | screened and tested to the die, sort tested per reference 2. All other
quality assurance provisions | required components/parts are the Supplier
of vendor specifications. responsibility. Primarily these are discrete IC
carriers or temporary packages, and do not
include any required additional components.
Any deviations in additional components
required are to be identified by the Supplier
_ and included in the cost of this quotation.
2) 100 Same KGD ATDs asitem 1) | The Supplier should bid this item in the same
500 above with the exception that | way as item 1) above.
1000 | carrier should be for SRAM
IC components.
3) 100 Same KGD ATDs as item 1) | The Supplier should bid this item in the same
500 above with the exception that | way as item 1) above.
1000 | carrier should be for

Microprocessor, Digital Signal
Processor, or Application

Specific Integrated Circuit
class of components. _
4) 100 Same KGD ATDs as item 1) | The Supplier should bid this item in the same
500 above with the exception of | way as item 1) above.
1000 | carrier should be for Analog
or Mixed Signal class of
integrated circuit components.
5) 100 Continuity testing of carriers | The cost quote should indicate the cost of
500 in items 1 throug" 4 above. electrically testing the carriers in each of the
1000 four categories above, in each of the
requested pricing quantities.
6) - 100 | Quality Conformance The cost quote should indicate the cost of
500 Inspection of carriers in items | inspecting the carriers in each of the four
1000 | 1 through 4 above. categories above, in each of the requested

pricing quantities. If a sampling plan is used,
the specifics of that plan should be outlined in
the cost quotation.
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III. Delivery Schedule

Component Date
1) Response to RFQ 8/6/93
2) Expected purchase order (PO) release date is 10/1/93
3) Carrier Delivery 1Q9%4

The following Buyer fumished data and components will be made available with the purchase
order.

1) Integrated circuit specifications, including power dissipation requirements.

2) Top layer layout of integrated circuit bond pads in GDSII or Gerber format.

IV. Submission of Quotations
The Quotation must be signed by an official authorized to contractually bind the offerer.

It is required that your Quotation be valid for a period of not less than 90 days from the submission
date specified. Quotations may be modified or withdrawn by written or electronic communication
notice received at any time prior to award. Quotations may be withdrawn in person by an officer
or authorized representative, provided his identity is made known and he/she signs a receipt for the
offer prior to award.

V. Order of Precedence
In the event of any inconsistency between the Request for Quotation and any specification or other
provisions which are made a part of the Request for Quotation by reference or otherwise, the order
of precedence shall be as follows:

Purchase Order.

Typed provisions in this Request for Quotation (RFQ).

Subcontractor Data Requirements List (SDRL), if applicable.

Other provisions of this RFQ when attached or incorporated by reference.

H W -

VI. Notice to Offerers
Offerers are cautioned to initially submit their most favorable Quctation, price, and other factors
considered.

This RFQ does not commit MCC, KGD to award a contract. MCC, KGD reserves the right to
reject any or all Quotations or t¢ negotiate separately with any source considered qualified, and to
waive informalities and minor irregularites in offers received. MCC, KGD shall not be liable to
offerer for any costs incurred by offerer as a result of the submission of its Quotation in reply
hereto.

VII. Late Quotations
MCC, KGD reserves the right to consider Quotations or modifications thereof received after the
date indicated for such purpose, but before award is made, should such action be in the best
interest of MCC, KGD. However, on time submittals will be given precedence.

Section II - Instructions for Quotation Preparation and Submission

I. Objectives
This section describes the requirements for preparing and submitting the requested Quotation. The
instructions provided herein must be carefully followed inasmuch as substantial deviations,
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qualifications, or omissions of essential data could result in your Quotation being considered non-
responsive and, therefore, ineligible for subsequent contract award consideration.

I1. Number of Copies
Submit the specified quantities of each Quotation as defined below to the address listed below.

1. 3 copies of the Management Quotation (Optional).
2. 3 copies of the Technical Quotation (Required).
3. 3 copies of the Cost Quotation (Required.)

Submit quotations to:
Brenda Ulbricht

12100 Technology Blvd.
Austin, TX 78746

-0r-

FAX your Quotation to Larry Gilg at (512) 250-2893.

III. Management Quotation (Optional for this requirement)
The Management Quotation shall include the following information as a minimum:

1. Summary of your company capabilities and history, which should include a history of the
business, business record and current business base.

2. Summary of your company manpower and identification of key personnel. A Program
Manager may be required for the work specified herein.

3. A chart of the organization to be used in the performance of the effort. Identify key
technical and management personnel assigned and indicate their function, responsibilities,
and percent of time committed to this effort. Provide resumes for key personnel.

IV. Cost and Pricing Data (Subsequent Cost Quotation)
A. The Supplier shall segregate the cost as follows, if applicable and in accordance with each
deliverable item per section 1, paragraph II:

Cost Line Item Recurring Cost Non-Recurring Cost
KGD ATD Design/Layout N/A Required
KGD ATD Fabrication Cost Required Required
KGD ATD Open and Shorts Test Required Regquired
KGD ATD QCI inspection Required Required

V. Technical Quotation (Required)
The Technical Quotation shall provide a thorough understanding of the offeror's approach to
satisfying the requirements of the Technology Assessment Guidelines (reference 1). This should
include the Supplier capability to meet all of the requirements of the Technology Assessment
Guidelines (TAG) and specif.. indications of failures to meet the TAG requirements. All
information requested in the TAG should be fully described here.

Your Technical Quotation shall be organized according to the following format and shall include
the following topics as a minimum:
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1. Introduction
2. Requirements

3. Approach to satisfy technical requirements (include the identity of the person who has
responsibility for the technical requirements being satisfied.
. Design definition including detailed definition of KGD ATD and assembly designs.
Perform thermal analysis of the KGD ATDs; verify an adequate thermal path for the IC.
Rationale for KGD approach, detailing advantages and disadvantages.
Risk or areas of concem.
Mechanical parameters (bonding and die attach requirements).
Design reviews of KGD ATD in conjunction with MCC, KGD personnel.
. Technical documentation as defined in Technology Assessment Guidelines (reference 1).
. Comphance to this RFQ requires a response to each of the following iterns:
. Estimate the total quantity of each KGD ATD component type required to yield the
specified KGD ATD quantities per section I, paragraph II deliverables.

2. A preliminary parts list and physical layout of the XGD ATDs that will be required for
each IC category (DRAM, SRAM, puP/DSP/ASIC, Analog). It is required that the
Supplier acknowledge that layout deviations are required and a delivery date for these
layouts in GDSII format must be identified to meet intent of this Quotation. The
assembly constraint design rules should be supplied if different from the Technology
Assessment Guidelines.

I. Any Supplier using subcontract work for this effort must identify in their Quotation the
tasks to be subcontracted and the subcontractor.

J. Buyer requires that the Supplier provide a cost and schedule risk assessment of the
processes and technologies proposed by the Supplier to meet the requirements of the
Technology Assessment Guidelines. Alternatives to high risk items should be identified.

_momEgomy

4. Testing Plan - Per Statement of Work
A. Electrical Acceptance Testing (opens and shorts)
B Quality Conformance Inspection (indicate full inspection or sampling plan and inspection
criteria).

5. Table of Compliance
Explain the methods and technical approach by which you propose to satisfy the technical
requirements exhibited by the Technology Assessment Guidelines (reference 1). Describe
specifically how you plan to accomplish the objectives and tasks. Provide sketches, drawings,
flow diagrams, and charts as appropriate. Discuss alternative solutions explored, analyzed,
and rejected, and the reasons for the rejections. Include a statement of any assumptions made
by you as to the definition of the requirements.

In addition to the Technology Assessment Guidelines, the KGD ATDs shall be evaluated for

susceptibility to damage or loss of electrical contact due to mechanical shock encountered
during normal handling .

Section III - Conclusion

I. Quotation Evaluation
Quotations submitted may be evaluated in strict accordance with the criteria listed below in order of

importance:
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Criteria

Technical 40%
Schedule 30%
Cost 20%
Management 10%

I1. Technical Contact
Any questions of a technical nature may be directed to Mr. Chad Noddings, at (512) 250-2863.

III. Special Note
Offerer shall confirm receipt of this RFQ and advise MCC, KGD, in writing, no later than close
of business August 6, 1993 of his intent to submit a Quotation in accordance with these

instructions. Please supply the requested information to fill in the TAG by close of business
August 16, 1993.

It is requested that the Offerer formally respond to this Request for Quotation on or before the
close of business on September 1, 1993. Please forward your final Quotation to the
undersigned at the aforementioned address, as well as, any formal questions you may have in the
proposing process. Thank you for your time and attention in this matter.
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Request for Quotation - Integrated Circuits for Use in Known
Good Die Process Evaluation

Reference:

1) Technology Assessment Guideline for Methods, Matenals and Equipment Necessary to
Prepare and Ship Semiconductor Devices as Fully Warranted Bare Die Product, Revision
2.5.

2) Statement of Work for procurement of Known Good Die, HVE-092-93.

3) Standard for Known Good Die, JEDEC modified Version 2.0, 18 May 1993, as submitted
for ballot.

4) Standard for Flip Chip Known Good Die (FCKGD), working Version 1.0, 22 July 1993,
based upon JEDEC Wire Bonded KGD ballot version.

Microelectronics and Computer Technology Corporation, Known Good Die (hereinafter referred to
as "MCC, KGD") is hereby requesting a firm, fixed-priced Quotation for the below mentioned
products and services as specified in the work section of this RFQ. Please pay close attention to
the Quotation parameters, direct omissions may cause your inputs to be non-acceptable.

Section I - Material Quotation

I. The Work
The Supplier shall furnish materials, supplies, services, special manufacturing aids, and facilities
not furnished by the buyer. The Supplier shall perform the work necessary to fabricate, assembie,
inspect, and deliver the items specified below in accordance with the schedules, instructions,
specifications and referenced documents.

Any drawings referenced in this document and any other specifications and documents referenced
herein, are hereby incorporated and made a part hereof, and shall be applicable to all work listed
below. Deliverable items shall be provided in accordance with the attached Statement of Work.

The receiving party of this RFQ agrees to disclose such proprietary information necessary to
sufficiently describe and document the Known Good Die Integrated Circuit methods to be used by
the Supplier (references 3, 4). This information is to be clearly marked as confidential and
proprietary in order that MCC, KGD may adequately protect this information. MCC, KGD agrees
to protect this proprietary information according to prior agreement with the Supplier, and to reveal
such proprietary information only to its employees with a need-to-know, and not to any third
party.

**Accepting this RFQ Constitutes Agreement**

II. Deliverable Items/Descriptions

The Supplier is requested to submit a cost for each item of his preference listed below in
accordance with the attached Technology Assessment Guidelines (reference 1). However, cost
should include at a minimum one choice of items 1 through 4 and must include item 5. Each item
should be priced separately with purchase order awards being on an item by item basis (for items 1
through 4, with item 5 awarded with each of items 1 through 4). Some KGD technologies require
solder bumped die, others require aluminum bond pads. Please quote the die in each format, and
indicate where die are not available in a particular format. Supplier should estimate the number of
components (including yield loss) of each type required to yield the as specified quantities for each
item. This yield loss estimate for each item should be included in the quotation.

The JEDEC Standard for Known Good Die will be used to evaluate all KGD methodologies
(references 3, 4). The dash number (-xx) will be used to identify specific characteristics of an
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individual KGD integrated circuit category. To date the dash number refers to the following
specific KGD die types:

Device Type Test Vehicle Description
-01 DRAM memory
-02 SRAM memory
-03 ASIC, DSP, or pProcessor
-04 Mixed signal or analog integrated circuit

The device carrier (for carrier based methodologies) shall be as defined per the carrier vendor
specification. Devices shall be connected to the carrier using wire bond, tape automated bonding
(TAB), and/or other technologies. Drawings of the device carriers and descriptions of their use
and cost are to be provided by the Supplier.

Item | Quantity Description Buyer-Supplier Responsibilities
1) 100 KGDDRAM IC The Supplier should bid this item with the
500 components (-01) Buyer supplying the (bumped or unbumped)
1000 die, sort tested per reference 2. All other
required components/parts are the Supplier
responsibility. Any additional processing steps
(i.e., wafer bumping) required are to be
identified by the Supplier and included in the
cost of this quotation. This item should not
include the costs associated with sort testing;
those costs should be quoted separately under
item (5). This item should include the costs
associated with wafer saw and pick and place
into a wafflepack die carrier for delivery to the
Buyer.
2) 100 KGD SRAM IC The Supplier shouid bid this item 1n the same
50%% components (-02) way as item 1) above.
1
3) 100 ASIC, DSP, or Micro- The Supplier should bid this item in the same
500 processor IC components way as item 1) above.
1000 | (-03)
4) 100 KGD Mixed Signal or The Supplier should bid this item in the same
500 Analog IC components way as item 1) above.
1000 | (-04)
5) 100 Wafer sort testing (including | The cost quote should indicate the cost of sort
500 | gross functional and testing the ICs on wafers in each of the four
1000 | parametric testing) of ICs in | categories above, in each of the requested
items 1 through 4 above. pricing quantities. It is expected that the

Supplier will coordinate with internal facilities
for wafer saw and pick and place to transfer die
failure information.
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II1. Delivery Schedule

Component Date
1) Response to RFQ 8/16/93
2) Supply price quotation 9/1/93
2) Expected purchase order (PO) release date is 10/1/93
3) Known Good Die Delivery 1Q94

The following Supplier fumished data and components will be made available with the integrated
circuits:

1) Integrated circuit specifications, including power dissipation requirements.

2) Top layer (bond pad) layout of integrated circuit bond pads in GDSII or Gerber format.

3) In the case that a third party is expected to perform test and burn-in of the integrated circuits,
the IC Supplier is expected to cooperate with MCC and the third party test and burn-in
Supplier, using non-disclosure agreements, to provide a test program in a usable format to the
third party test and burn-in Supplier.

IV. Submission of Quotations
The Quotation must be signed *y an official authorized to contractually bind the offerer.

It is required that your Quotation be valid for a period of not less than 90 days from the submission
date specified. Quotations may be modified or withdrawn by written or electronic communication
notice received at any time prior to award. Quotations may be withdrawn in person by an officer
or authorized representative, provided his/her identity is made known and he/she signs a receipt for
the offer prior to award.

V. Order of Precedence
In the event of any inconsistency between the Request for Quotation and any specification or other
provisions which are made a part of the Request for Quotation by reference or otherwise, the order
of precedence shall be as follows:

Purchase Order

Typed provisions in this Request for Quotation (RFQ).

Subcontractor Data Requirements List (SDRL), if applicable.

Other provisions of this RFQ when attached or incorporated by reference.

W RN e

VI. Notice to Offerers
Offerers are cautioned to initially submit their most favorable quotation, piice, and other factors
considered.

This RFQ does not commit MCC, KGD to award a contract. MCC, KGD reserves the right to

reject any or all Quotations or to negotiate separately with any source considered qualified, and to

waive informalities and minor irregularities in offers received. MCC, KGD shall not be liabic to

gfferer for any costs incurred by offerer as a result of the submission of its Quotation in reply
ereto.

VII. Late Quotations
MCC, KGD reserves the right to consider Quotations or modifications thereof received after the
date indicated for such purpose, but before award is made, should such action be in the best
interest of MCC, KGD. However, on time submittals will be given precedence.
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Section II - Instructions for Quotation Preparation and Submission

I. Objectives
This section describes the requirements for preparing and submitting the requested Quotation. The
instructions provided herein must be carefully followed inasmuch as substantial deviations,
qualifications, or omissions of essential data could result in your Quotation being considered non-
responsive and, therefore, ineligible for subsequent contract award consideration.

II. Number of Copies
Submit the specified quantities of each Quotation as defined below to the address listed below.

1. 3 copies of the Management Quotation (Optional).
2. 3 copies of the Technical Quotation (Required).
3. 3 copies of the Cost Quotation (Required.)

Submit quotations to:
Brenda Ulbricht

12100 Technology Blvd.
Austin, TX 78746

-0Or-

FAX your Quotation to Larry Gilg at (512) 250-2893.

II1. Management Quotation (Optional for this requirement)
The Management Quotation shall include the following information as a minimum:

1. Summary of your company capabilities and history, which should include a history of the
business, business record and current business base.

2. Summary of your company manpower and identification of key personnel. A Program
Manager may be required for the work specified herein.

3. A chart of the organization to be used in the performance of the effort. Identify key
technical and management personnel assigned and indicate their function, responsibilities,
and percent of time committed to this effort. Provide resurnes for key personnel.

IV. Cost and Pricing Data (Subsequent Cost Quotation)
A. The Supplier shall segregate the cost as follows if applicable and in accordance with each
deliverable item per section I, paragraph Il :

Cost Line Item Recurring Cost Non-Recurring Cost
Integrated Circuit Fabrication Required N/A
Integrated Circuit Sort test Required N/A
Other costs Required Required

V. Technical Quotation (Required)
The Technical Quotation shall provide a thorough understanding of the offeror's integrated circuit
components which are to be evaluated in accordance with the requirements of the JEDEC Standard
for Known Good Die (references 3, 4). This should include the Supplier capability to meet all of
the requirements of this standard and specific indications of failures to meet these requirements.
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Your Technical Quotation shall be organized according to the following format and shall include
the following topics as a minimum:

1. Introduction
2. Requirements

3. Approach to satisfy technical requirements (include the identity of the person who has
responsibility for the technical requirements being satisfied.
A. Integrated circuit definition including detailed data sheet with parametric and functional
performance specifications.
Mechanical parameters (bonding and die attach requirements).
. Risk or areas of concem.
Technical documentation as defined in JEDEC Standard for Known Good Die (references
3, 4).
Estimate the total quantity of each integrated circuit component type required to yield the
specified KGD quantities per section I, paragraph II deliverables.

m oow

4. Testing Plan - Per Statement of Work
A. Wafer sort testing, to be performed by the integrated circuit Supplier to screen out grossly
defective die. This testing is to include both parametric and gross functional testing, per the
vendor normal sort test specifications. Please include these specifications and any
guardbands applied during sort testing with your quotation.
B. Quality Conformance Inspection (indicate full inspection or sampling plan and inspection
criteria). Inspections are to be performed on outgoing integrated circuit die.

5. Reinsertion Plan - Per Statement of Work

Following the bum-in and testing of these dice in carriers for assurance as known good die,
they are to be disassembled and returned to the IC manufacturer for reinsertion into the high
reliability packaging which these parts are normally offered in. If possible, they are then to be
included into products (preferably module or hybrid products, for which this project targets die
qualification) and the lifetime reliability of these parts monitored throughout the manufacturer
normal warranty period for any excessive failures. Please present a detailed plan for
accomplishing this task.

Section III - Conclusion

I. Quotation Evaluation
Quotations submitted may be evaluated in strict accordance with the criteria listed below in order of
importance:

Criteria Importance
Technical 40%
Schedule 30%
Cost 20%
Management 10%

II. Technical Contact
Any questions of a technical nature may be directed to Mr. Chad Noddings, at (512) 250-2863.

III. Special Note
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Offerer shall confirm receipt of this RFQ and advise MCC, KGD, in writing, no later than close
of business August 16, 1993 of his intent to submit a Quotation in accordance with these
instructions.

It is requested that the Offerer formally respond to this Request for Quotation on or before the
close of business on September 1, 1993. Please forward your final Quotation to Brenda
Ulbricht at the aforementioned address, as well as any formal questions you may have in the
proposing process. Thank you for your time and attention in this matter.
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Request for Quotation - Assembly, Test, Burn-in, Disassembly,
and Quality Conformance Inspection of Known Good Die

Reference:

1) Technology Assessment Guideline for Methods, Materials and Equipment Necessary to
Prepare and Ship Semiconductor Devices as Fully Warranted Bare Die Product, Revision
2.5/

2) Statement of Work for Procurement of Known Good Die, HVE-092-93.

3) Standard for Known Good Die, JEDEC modified Version 2.0, 18 May 1993, as submitted
for ballot.

4) Standard for Flip Chip Known Good Die (FCKGD), working Version 1.0, 22 July 1993,
based upon JEDEC Wire Bonded KGD ballot version.

Microelectronics and Computer Technology Corperation, Known Good Die (hereinafter referred to
as "MCC, KGD") is hereby requesting a firm, fixed-priced Quotation for the below mentioned
products and services as specified in the work section of this RFQ. Please pay close attention to
the Quotation parameters, direct omissions may cause your inputs to be non-acceptable.

Section I - Material Quotation

I. The Work
The Supplier shall furnish materials, supplies, services, special manufacturing aids, and facilities
not furnished by the Buyer. The Supplier shall perform the work necessary to fabricate, assemble,
inspect, and deliver the items specified below in accordance with the schedules, instructions,
specifications and referenced documents.

Any drawings referenced in this document and any other specifications and documents referenced
herein, are hereby incorporated and made a part hereof, and shall be applicable to all work listed
below. Deliverable items shall be provided in accordance with the attached Statement of Work.

The receiving party of this RFQ agrees to disclose such proprietary information necessary to
sufficiently describe and document the Known Good Die Assurance Technology Devices
(hereinafter referred to as "KGD ATD") and methods to be used by the Supplier. This information
is to be clearly marked as confidential and proprietary in order that MCC, KGD may adequately
protect this information. MCC, KGD agrees to protect this proprietary information according to
prior agreement with the Supplier, and to reveal such proprietary information only to its employees
with a need-to-know, and not to any third party.

**Accepting this RFQ Constitutes Agreement**

I1. Deliverable Items/Descriptions

The Supplier is requested to submit a cost for each item of his preference listed below in
accordance with the attached Technology Assessment Guidelines (reference 1). However, cost
should include at a minimum one choice of items 1 through 4 and must include items 5, 6, and 7.
Each item should be priced separately with purchase order awards being on an item by item basis.
Supplier should estimate the number of components (including yield loss) of each type required to
yield the as specified quantities for each item. This yield loss estimate for each item should be
included in the Quotation.

The same Technology Assessment Guidelines will be used to evaluate all KGD methodologies.
The dash number (-xx) will be used to identify specific characteristics of an individual KGD
integrated circuit category. To date the dash number refers to the following specific KGD die

types
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Device Type Test Vehicle Description
-01 DRAM memory
-02 SRAM memory
-03 ASIC, DSP, or nProcessor
-04 Mixed signal or analog integrated circuit

The device carrier (for carrier based methodologies) shall be as defined per the vendor specifi-
cation. Devices shall be connected to the carrier using wire bond, tape automated bonding (TAB),
and/or other technologies. Drawings of the device carriers and descriptions of their use and cost
are to be provided by the Supplier.

Item | Quantity Description Buyer-Supplier Responsibilities

1) 100 KGD DRAM IC compo- The Supplier should bid this item with the

500 nents (-01), completely Buyer supplying the (bumped or unbumped)
1000 | screened and tested to the die, sort tested per reference 2, and the required
quality assurance provisions | KGD ATD for those parts. All other required
of vendor specifications. components/parts are the Supplier responsi-
bility. Any additional components required are
to be identified by the Supplier and included in
the cost of this quotation. This item includes
assembly of ICs into the KGD ATD:s for test
and burn-in, and disassembly afterward. It
does not include costs associated with test and
bum-in, which will be considered separately in

items 5) and 6).
2) 100 KGD SRAM IC compo- The Supplier should bid this item in the same
500 nents (-02), completely way as item 1) above.
1000 | screened and tested to the
quality assurance provisions
| of vendor specifications.
3) 100 KGD ASIC, DSP, or The Supplier should bid this item in the same
500 Microprocessor IC compo- | way as item 1) above.
1000 | nents (-03), completely
screened and tested to the
quality assurance provisions
of vendor specifications.
4) 100 KGD Mixed Signal or The Supplier should bid this item in the same
500 Analog IC components way as item 1) above.
1000 | (-04), completely screened
and tested to the quality
assurance provisions of
vendor specifications.
3) 100 [ Electrical functional and cost quote should indicate the cost of
500 | parametric testing of ICs in | electrically testing the ICs mounted in KGD
1000 |KGD ATDsinitems 1 ATD:s in each of the four categories above, in
through 4 above. each of the requested pricing quantities. The

Buyer will cooperate with the Supplier and IC
Supplier to provide the required test program(s)
in a suitable format.




Item | Quantity Description Buyer-Supplier Responsibilities

6) 100 | Dynamic monitored burn-in | Lhe cost quote should indicate the cost of

500 of ICs in KGD ATDs in performing an electrically active and monitored
1000 |items 1 through 4 above. burn-in test of each of the assembled KGD
ATD:s in each of the four categories above, in
each of the requested pricing quantities.

) 100 | Outgoing Quality The cost quote should indicate the cost of
500 Conformance Inspection of | inspecting the die in each of the four categories
1000 | integrated circuits in items 1 | above, in each of the requested pricing
through 4 above. quantities. If a sampling plan is to be used, the
specifics of that plan should be outlined in the
cost quotation, along with inspection criteria.

III. Delivery Schedule

Component Date
1) Response to RFQ 8/16/93
2) Supply quote 9/1/93
3) Expected purchase order (PO) release date is 10/1/93
4) Test and burn-in delivery begins 2Q9%4

Trléfollowing Buyer furnished data and components will be made available with the purchase
order:

1) Integrated circuit specifications, including power dissipation requirements.

2) Top layer layout of integrated circuit bond pads in GDSII or Gerber format.

3) Known Good Die Assurance Technology Devices (KGD ATD) ready for assembly.
4) Top level layout of KGD ATD in GDSII or Gerber format.

IV. Submission of Quotations
The Quotation must be signed by an official authorized to contractually bind the offerer.

It is required that your Quotation be valid for a period of not less than 90 days from the submission
date specified. Quotations may be modified or withdrawn by written or electronic communication
notice received at any time prior to award. Quotations may be withdrawn in person by an officer
or authorized representative, provided his/her identity is made known and he/she signs a receipt for
the offer prior to award.

V. Order of Precedence
In the event of any inconsistency between the Request for Quotation and any specification or other
provisions which are made a part of the Request for Quotation by reference or otherwise, the order
of precedence shall be as follows:

. Purchase Order

Typed provisions in this Request for Quotation (RFQ).

Subcontractor Data Requirements List (SDRL), if applicable.

Other provisions of this RFQ when attached or incorporated by reference.

N =

VI. Notice to Offerers
Offerers are cautioned to initially submit their most favorable quotation, price, and other factors
considered.
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This RFQ does not commit MCC, KGD to award a contract. MCC, KGD reserves the right to

reject any or all Quotations or to negotiate separately with any source considered qualified, and to

waive informalities and minor irregularities in offers received. MCC, KGD shall not be liable to

gffemr for any costs incurred by offerer as a result of the submission of its Quotation in reply
ereto.

VII. Late Quotations
MCC, KGD reserves the right to consider Quotatious or modifications thereof received after the
date indicated for such purpose, but before award is made, should such action be in the best
interest of MCC, KGD. However, on time submittals will be given precedence.

Section II - Instructions for Quotation Preparation and Submission

I. Objectives
This section describes the requirements for preparing and submitting the requested Quotation. The
instructions provided herein must be carefully followed inasmuch as substantial deviations,
qualifications, or omissions of essential data could result in your Quotation being considered non-
responsive and, therefore, ineligible for subsequent contract award consideration.

II. Number of Copies
Submit the specified quantities of each Quotation as defined below to the address listed below.

1. 3 copies of the Management Quotation (Optional).
2. 3 copies of the Technical Quotation (Required).
3. 3 copies of the Cost Quotation (Required.)

Submit quotations to:
Brenda Ulbricht

12100 Technology Blvd.
Austin, TX 78746

-.or_

FAX your Quotation to Larry Gilg at (512) 250-2893.

III. Management Quotation (Optional for this requirement)
The Management Quotation shall include the following information as a minimum:

1. Summary of your company capabilities and history, which should include a history of the
business, business record and current business base.

2. Summary of your company manpower and identification of key personnel. A Program
Manager may be required for the work specified herein.

3. A chart of the organization to be used in the performance of the effort. Identify key technical
and management personnel assigned and indicate their function, responsibilities, and percent of
time committed to this effort. Provide resumes for key personnel.

IV. Cost and Pricing Data (Subsequent Cost Quotation)
A. The Supplier shall segregate the cost as follows if applicable and in accordance with each
deliverable item per section I paragraph II :
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Cost Line Item Recurring Cost Nonrecurring Cost
KGD ATD Incoming QCI Required Required
| Integrated Circuit Incoming QCI Required Required
IC Die Attach and Bonding Required Required
Other KGD ATD Assembly Steps Required Required
KGD ATD Disassembly Required Required
Integrated Circuit Qutgoing QCI Required Reguired
Other Required Process Steps Required Required

V. Technical Quotation (Required)

The Technical Quotation shall provide a thorough understanding of the offeror's approach to
satisfying the requirements of the Technology Assessment Guidelines (TAG) (reference 1). This
should include the Supplier capability to meet all of the requirements of the TAG and specific
indications of failures to meet the TAG requirements. All information requested in the TAG should
be fully described here.

Your Technical Quotation shall be organized according to the following format and shall include
the following topics as a minimum:

1.
2.
3.

Introduction

Requirements

Approach to satisfy technical requirements (include the identity of the person who has

responsibility for the technical requirements being satisfied.

. Rationale for KGD approach, detailing advantages and disadvantages.

Risk or areas of concern.

Mechanical parameters (bonding and die attach requirements).

Design reviews of KGD test and burn-in methods in conjunction with MCC, KGD

personnel.

Technical documentation as defined in Technology Assessment Guidelines (reference 1),

fill in as much informati »n from the TAG as is relevant to test and burn-in.

Any Supplier using subcontract work for this effort must identify in their Quotation the

tasks to be subcontracted and the subcontractor.

. Buyer requires that the Supplier provide a cost and schedule risk assessment of the
processes and technologies proposed by the Supplier to meet the requirements of the
Technology Assessment Guidelines. Alternatives to high risk items should be identified.

@ M m onwy

. Testing Plan - Per Statement of Work

Quality Conformance Inspection (indicate full inspection or sampling plan and inspection
criteria). Inspections are to be performed on incoming die and KGD ATD components,
and on outgoing integrated circuit die.

. Table of Compliance

Explain the methods and technical approach by which you propose to satisfy the technical
requirements exhibited by the Technology Assessment Guidelines (reference 1). Describe
specifically, how you plan to accomplish the objectives and tasks. Provide sketches,
drawings, flow diagrams, and charts as appropriate. Discuss alternative solutions explored,
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analyzed, and rejected, and the reasons for the rejections. Include a statement of any
assumptions made by you as to the definition of the requirements.

Section III - Conclusion

I. Quotation Evaluation
Quotations submitted may be evaluated in strict accordance with the criteria listed below in order of

importance:

Criteria Importance
Technical 40%
Schedule 30%
Cost 20%
Management 10%

II. Technical Contact
Any questions of a technical nature may be directed to Mr. Chad Noddings, at (512) 250-2863.

IIl. Special Note
Offerer shall confirm receipt of this RFQ and advise MCC, KGD, in writing, no later than close
of business August 16, 1993 of their intent to submit a Quotation in accordance with these
instructions.

It is requested that the Offerer formally respond to this Request for Quotation on or before the
close of business on September 1, 1993. Please forward your final Quotation to Brenda
Ulbricht at the aforementioned address, as well as any formal questions you may have in the
proposing process. Thank you for your time and attention in this matter.
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Statement of Work - Procurement of Known Good Die

Reference
1) Technology Assessment Guideline for Methods, Materials, and Equipment Necessary to
Prepare and Ship Semiconductor Devices as Fully Warranted Bare Die Product, Revision
2.5.
2) Request For Quotation for Known Good Die Assurance Technology Devices: HVE-093-
93.
3) Request For Quotation for Assembly, Test, Burn-in, Disassembly, and Quality
Conformance Inspection of Known Good Die: HVE-095-93.
4) Request For Quotation for Integrated Circuits for Use in Known Good Die Process
Evaluation: HVE-094-93.
5) Standard for Known Good Die, JEDEC modified Version 2.0, 18 May 1993, as submitted
for ballot.
6) Standard for Flip Chip Known Good Die (FCKGD), working Version 1.0, 22 July 1993,
based upon JEDEC Wire Bonded ¥ GD ballot version.

1.0 Scope

This Statement of Work describes the tasks associated with designing and fabricating Known

Good Die Assurance Technology Devices (KGD ATD); screening up to four KGD ATD designs;

and assembling, testing, disassembling, and performing quality conformance inspections on up to

fGou_rdc?itengories of integrated circuits for MCC KGD Project per the KGD Technology Assessment
uidelines.

The vendors and processes to be used shall be selected from the responses to three separate
Request For Quotation (RFQ) documents. These RFQ documents cover the following topics: 1)
Known Good Die Assurance Technology Devices; 2) Assembly, Test, Burn-in, Disassembly, and
Quality Conformance Inspection of Known Good Die; and 3) Integrated Circuits for Use in
Known Good Die Process Evaluation. These categories may not fit the specific technologies or
processes which may be applied by various vendors to solve the KGD supply issue; please
respond to the RFQ which best fits your technology, or to all three. Suppliers of all phases of the
KGD processing who wish to respond are expected to respond to all three as a single RFQ.
Teaming between companies is encouraged in order to take advantage of optimized technologies,
and to strengthen the capability for providing KGD to the marketplace.

2.0 Known Good Die Descriptions

2.1 Specification Designator
The same Technology Assessment Guidelines will be used to evaluate all KGD methodologies.
The dash number (xx) will be used to identify specific characteristics of an individual KGD
integrated circuit category. The dash number refers to the following specific KGD die types:

Device Type Test Vehicle Description
-01 DRAM memory
-02 SRAM memory
-03 ASIC, DSP, or uProcessor
-04 Mixed signal or analog integrated circuit
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The device carrier (for carrier based methodologies) shall be as defined per the vendor specifi-
cation. Devices shall be connected to the carrier using wire bond, tape automated bonding (TAB),
and/or other technologies. Drawings of the device carriers and descriptions of their use and cost
are to be provided by the supplier.
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3.0 Overview of Supplier/Buyer Tasks

It is anticipated that KGD ATD fabrication and screening, assembly, burn-in, high-speed
functional test, disassembly, and quality conformance inspection (QCI) will be performed by the
supplier(s). The buyer, in the instance where the supplier is not also the die provider, will be
responsible for die procurement and the test vectors for each die type, which will be provided to
the supplier. The expected overall flow for providing Known Good Die is shown in Figure 1.
Each of the tasks identified in Figure 1 may be performed by independent suppliers, or the entire
flow may be performed by a single supplier.

Integrated
Circuit Supplier
3?::mb.yé|y Quality Conformance Known Good Dice
srserm Inspection Supplier Buyer
KGD Assurance
Technology Device
ier Burn In
Test Supplier

Functional
Test Supplier

Figure 1. Expected overall process flow for providing known good die.

3.1 Supplier Tasks

3.1.1 Integrated Circuit Supplier
3.1.1.1 Provide sort-tested integrated circuit die that have been sawn and
placed into waffle pack die carriers for delivery to KGD supplier.

3.1.1.2 Perform actions specified by reinsertion plan, to be agreed upon by
supplier and MCC prior to assignment of purchase orders for die.

3.1.2 KGD ATD Supplier
3.1.2.1 Design/layout KGD ATDs as appropriate to TAB, wire bond,
and/or all other types of bare die assembly.

3.1.2.2 Perform thermal analysis of the KGD ATDs.

3.1.2.3 Fabricate KGD ATDs with appropriate technologies as called out in
supplier specifications.

3.1.2.4 Electrically test KGD ATDs for opens and shorts.

3.1.2.5 Perform Quality Conformance Inspections of KGD ATDs
(optional).
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3.2

3.3

3.1.3

3.1.4

3.1.5

3.1.6

Assembly and Disassembly Supplier
3.1.3.1 Perform assembly of die and KGD ATDs.

3.1.3.2 Following test and burn-in, disassemble the KGD ATDs and the
dice, packaging the dice for delivery, and returning the KGD ATDs
for re-use.

Burn-in Supplier
3.1.4.1 Perform burn-in of assembled KGD ATDs.

3.1.4.2 Failing components are to be separated from passing components,
and each is to be identified with a serial number that matches an
accompanying exception report which details the failure mode and
time of failure.

Functional Test Supplier
3.1.5.1 Perform at-speed functional test and parametric test of KGD ATDs.

3.1.5.2 Failing components are to be separated from passing components,
and each is to be identified with a serial number that matches an
accompanying exception report which details the failure mode and
time of failure.

Quality Conformance Inspection Supplier
Perform Quality Conformance inspection on the bare dice, after all above
processing is complete.

Supplier Deliverable Items

3.2.1

322

323
3.24
3.25

Supplier will provide bonding level design information of KGD ATD for
buyer in GDS II or GERBER format.

Supplier will provide documentation of the thermal analysis assumptions and
resulting junction temperature predictions for each component.

Supplier will provide documentation on all supplier performed electrical tests.
Supplier will provide documentation on all Quality Conformance Inspections.

Supplier will provide the processed known good die, and the bad die,
packaged separately and clearly marked.

Buyer Tasks

3.3.1

3.3.2

333

Supply integrated circuit components and bond pad layout data in accordance
with the purchase order specification, if supplier is not the source of these
components.

Supply test vectors for the dice to be tested, in a format to be specified in the
purchase order specification, if the supplier is not the source of these
components.

Supply integrated circuit data sheets for the dice to be tested, if the supplier is
not the source of these components.
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3.34

Perform on site handling damage control inspections. The supplier handling
methods, ESD protection, and cleanliness will be inspected and reported on.

4.0 Detailed Supplier Tasks
4.1 Integrated Circuit Die Supplier

4.1.1

4.1.2

Provide sort tested integrated circuit die that have been sawn and placed into
waffle pack die carriers for delivery to KGD supplier. Wafer sort testing is to
be performed by the integrated circuit supplier to screen out grossly defective
die. This testing is to include both parametric and gross functional testing,
per the vendor normal sort test specifications. The complete specification for
functional and parametric testing of the packaged parts, along with the bumn-in
specifications are required items. Please include these specifications and any
guardbands applied during sort testing with your quotation.

Perform actions specified by reinsertion plan, to be agreed upon by supplier
and MCC prior to assignment of purchase orders for die. Following the
burn-in and testing of these dice in carriers for assurance as known good die,
they are to be disassembled and returned to the IC manufacturer for
reinsertion into the high reliability packaging in which these parts are normally
offered. If possible, they are then to be included into products and the
lifetime reliability of these parts monitored throughout the manufacturer
normal warranty period for any excessive failures. Each integrated circuit
suq?lier should be prepared to complete a detailed plan for accomplishing this
task.

4.2 Assurance Technology Device Supplier

4.2.1

42.2

423

42.4

Design/layout KGD ATDs as appropriate to TAB, wire bond, and/or all other
types of bare die assembly. The supplier is responsible for the complete
design and implementation of specific Known Good Die Assurance
Technology devices, whether those devices are in carrier or other form. The
KGD ATD technology employed is proprietary to each supplier, and each
supplier is responsible for adapting their specific KGD ATD:s to the four
categories of integrated circuit devices.

Perform Thermal Analysis. The supplier is responsible for performing a
thermal analysis to verify that an adequate thermal path in the KGD ATD has
been provided for each chip. Documentation of this analysis will be specified
as part of the deliverables in the Request For Quotation.

Fabricate KGD ATDs with appropriate technologies as specified in the

response to quotation, purchase order, and supplier specifications. The

supplier will fabricate a quantity of KGD ATDs sufficient to complete the test

and burn-in of the specified number of dice in accordance with the purchase

gger spti,;:iﬁcation. The technology used for fabrication is at the discretion of
supplier.

Electrically test KGD ATDs for opens and shorts. Each of the KGD ATDs is
to be electrically tested for opens and shorts to the vendor specification for
contact resistance prior to its use for assembly with a bare die. Any defective
KGD ATD:s are not to be used for performance of KGD processing, and is to
be considered as yield loss. Complete documentation of the testing, with
exception reports identifying all failures, is to be delivered to the buyer.
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4.3

4.4

4.5

4.2.5

Perform Quality Conformance Inspections of KGD ATDs (optional). QCI is
to be performed on the KGD ATD:s prior to their use in KGD processing, if
this is a rcasonable and prudent step for the KGD ATD methodology
involved. If performed, complete documentation of the QCI is to be
delivered, along with written documentation of the inspection criteria and the
sampling plan used.

Assembly/Disassembly Supplier

43.1

43.2

433

Perform assembly of die and KGD ATDs. The supplier is responsible for
assembly of bare die into the KGD ATD and all related processing (i.e., wire
bonding).

Disassemble the KGD ATDs and the dice, packaging the dice for delivery.
The supplier shall remove the dice from the KGD ATDs, performing any
required processing steps, and place these die in an appropriate shipping
container (i.e., wafflepack) for shipment to the buyer. Shipment to the buyer
shall be the supplier’s responsibility.

Perform Quality Conformance inspection on the bare dice. A final Quality
Conformance Inspection on all of the bare dice is required prior to shipment to
the buyer. Any damage to the dice, or any material or residue that is found on
the die is to be identified; failures are to be separated from the known good die
(in separate containers) and clearly marked as final QCI failures. Complete
documentation of this QCI, with the inspection criteria, is to be «. 'vered to
the buyer with the dice.

Burn-in Supplier

44.1

44.2

Perform burn-in of assembled KGD ATDs. Each of the KGD ATD/die
assemblies is to be subjected to a dynamic monitored burm-in that is
commensurate with the requirements for verification of reliability of the die
being processed. The burn-in requirements (time, temperature, signal
connections, and monitoring) shall match the normal burn-in requirements for
each part when that part is normally packaged and burned-in.

Separately package failing parts, clearly marked as failures. An exceptions
report which details the type of failure and when it occurred should be
included with the packaged failed parts.

Functional Test Supplier

45.1

452

Perform at-speed functional test of KGD ATDs. The supplier is responsible
for performing an at-speed full functional test of each die while it is mounted
in the KGD ATD. This test should be equivalent to the test that is normally
performed on a packaged die. All test resuits, with a yield and exception
report, will be delivered to buyer.

Separately package failing parts, clearly marked as failures. An exceptions

report that details the type of failure and when it occurred should be included
with the packaged failed parts.
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5.0 Buyer Tasks

5.1 Supply Component Die and Layout Data
The buyer will be responsible for supplying sort test screened component die in the quantities as
stated in the purchase order specification. The buyer will also be responsible for supplying all
layout data required to connect to the devices.

5.2 Supply Test Vectors
In the event that the KGD supplier is not also the source of the integrated circuits to be processed,
the buyer is responsible for obtaining the test vectors used for functional test of the integrated
circuits. The required format of such vectors is a function of the type of test system used by the
test supplier, and these details are to be settled by the buyer and supplier and included in the
purchase order specification.

5.3 Supply Device Data Sheet Information
In the event that the KGD supplier is not also the source of the integrated circuits to be processed,
the buyer will provide the device data sheet information which describes the power requirements,
parametric pin information, and a detailed functional description.
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1.0 SCOPE:

A Rules.

Introduction and General Information

This document describes the guidelines for processes, materials and equipment for
manufacturing and delivering bare, or minimally packaged! semiconductor product with
quality and reliability comparable to their functionally equivalent packaged components.
For the purposes of this document, these methodologies will be called Known Good Die
(KGD) Assurance Technologies. This document is limited to guidelines for these assurance
technologies, and does not cover requirements for, nor performance of, the actual Known
Good Die. KGD requirements and performance are addressed in the Standard for
Procurement and Use of Known Good Die.2
This document provides guidance to organizations developing KGD assurance
technologies, and evaluating and implementing those technologies. The body of the
document contains the guidelines which were developed by the combined MCC/Sematech
task team. Appendix A is included so that information needed to assess particular
technologies for test and bumn-in die carriers will be supplied by the technology supplier.
Appendix B contains information on issues to be considered by the KGD technology
supplier and user if mechanical die alignment is required.
The requirements for technologies can be divided into short term and long term groupings.
Short term requirements are defined as those which can be implemented quickly and will
have minimal impact on existing manufacturing methods, equipment and process flows.
Minimum product cost and maximum manufacturing efficiency are of concemn for all long
term requirements. Short term requirements will be identified in this document with a (-1)
paragraph suffix, long term with a (-2) suffix. The long term requirements are included in
Appendix C.
Different applications and industry segments (Military, Industrial, Commercial, Consumer)
can have different KGD assurance requirements. The requirements for assurance
technologies developed here are intended to include the needs of all market segments. The
ideal would be for each segment to use the same fundamental assurance technologies and
truncating or reordering steps to suit the needs of their products. This approach will lead to
the most manufacturable process for KGD suppliers, and ultimately the lowest cost for all
users.
The requirements in each section are defined in terms of the following classifications:
These subsections contain a listing of baseline capability for assessing aspects
of KGD technology being proposed for the short term.
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Recommendations. These subsections indicate optional or desirable features for methods which
should be considered when conforming to this guideline.

Test Methods These subsections contain a description of test methodology used for
evaluating KGD technology against TAG rules. A complete description of
each test method is included in Appendix D.

Appendix E contains the references which are noted in the document.

2.0 APPLICABLE DOCUMENTS

(A) Standard for Procurement and Use of KGD, Working Document, JEDEC Modified Version
2.0, 18 May 1993, As submitted for ballot

(B) MIL-STD-883 Microelectror.ics, Test Methods and Procedures

(C) Annual Book of American Society for Testing and Materials Standards

3.0 PHYSICAL CONFIGURATION
See Appendix C for (-2) future requirements (1996 timeframe).
3.1 Device types
3.1.1(~1) Rules
Shall accommodate all types of active devices including Analog, Digital and mixed;
Bipolar, CMOS and mixed; Memories, Microprocessors, DSPs, Logic, programmable
Gate Arrays, MMICs, OptoElectronics and ASICS; Silicon based, Silicon on Insulator and
Gallium Arsenide.
3.1.2(-1) Recommendations
None

3.1.3(-1) Test Methods
Will be evaluated based on engineering judgment of design.

3.2 Incremental Cost targets
3.2.1(-1) Rules
Incremental KGD Assurance Technology Costs should not be significantly greater than
those associated with packaging of otherwise conventionally prepared die.
3.2.2(-1) Recommendations
None

3.2.3(-1) Test Methods
Will be evaluated based on engineering judgment of design.

214




3.3 Wafer/Die sizes

3.3.1(-1) Rules
Shall accommodate devices from 2500 square mils [1.6 square mm] to 500,000 square
mils [322 square mm], with a maximum aspect ratio of 3 to 1. Size tolerance on singulated
die will be <+ 0.5 mils [12 pm].

§ 3.3.2(-1) Recommendations
. Shall accommodate devices from 400 square mils [.25 square mm] to 640,000 square mils

[413 square mm], with a maximum aspect ratio of 3 to 1. Size tolerance on singulated die
will be £+ 0.5 mils [12 um].

3.3.3(-1) Test Methods
Will be evaluated based on engineering judgment of design.

3.4 Die thickness

3.4.1(-1) Rules
Shall accommodate devices with a thickness of 10 mils [250 pm] to 30 mils [750 pm] .
Thickness tolerance is + 1.0 mils [25 pm].

3.4.2(-1) Recommendations
Shall accommodate devices with a minimum thickness of 4 mils [100um)].

3.4.3(-1) Test Methods
Will be evaluated based on engineering judgment of design.

3.5 Die Interconnect Quality

3.5.1 PLANARITY3 OF DIE/INTERCONNECT

3.5.1.1(-1) Rules

Adaptation
Shall maintain reliable contact of die with nonplanarity across the die of 2.0um. (see
Appendix A for bump information).

3.5.1.2(-1) Recommendations
None

3.5.1.3(-1) Test Methods
KGD carrier interconnect will be tested for its contact resistance to a dummy die with
multiple Al layers to provide a range of pad heights per MIL Standard 883D Method
3017.3.3. Contact resistance must be less than or equal to 0.5 Q. KGD carrier contact
resistance will be measured prior to and during temperature cycling. Test Method 3.5.1.3 is
described in Appendix D.
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3.5.2 METALLURGY OF DIE/INTERCONNECT

3.5.2.1(-1) Rules

Adaptation
Shall maintain reliable contact for die/interconnect metallurgies including Al, Au, and
solder.

Modification
Shall not change the metallurgy of, nor contaminate, the die/interconnect in a way which
will degrade quality or reliability parameters of the device.

3.5.2.2(-1) Recommendations
None

3.5.2.3(~1) Test Methods
Will be evaluated based on engineering judgment of design.
3.5.3 DAMAGE TO DIE/INTERCONNECT/PASSIVATION

3.5.3.1(-1) Rules
Shall not cause damage to layers underlying the bond pad metal. Shall not preclude next
level assembly. Probe shall not contact passivation (top or side)?.

3.5.3.2(-1) Recommendations
None

3.5.3.3(-1) Test Methods
Die will be stationed in KGD carrier or socket and removed per manufacturer
specifications. Die will be inspected for bond pad damage due to probe contact per MIL
Standard 883D Method 2010.10. Die will be inspected for damage to layers underlying the
bond pad metal due to probe contact per MIL Standard 883D Method 2010.10. Die will be
wirebonded and pull tested for bond pad damage or contamination due to probe contact per
MIL Standard 883D Method 2011.7. Die will be tested for loss of adhesion to die attach
material from damage or contamination of back side of die due to Carrier or socket contact
per MIL Standard 883D Method 2019.5. Die will be inspected for intermetalic formation on
bond pad due to probe contact with Auger Electron Spectroscopy per ASTM method E
827-88 prior to and after burn in at 150 °C for 168 hours. Test Methods 3.5.3.3 are
described in Appendix D.
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4.0 DIE PROCESS STEPS

The process by which individual die undergo KGD Assurance Technology assessment will
depend upon the nature and maturity of the circuit technology, circuit complexity, and
demands of the die customer. It is not appropriate to designate a single die flow which
applies to all assurance technologies. The following are identified as Assurance Technology
Processes which may be ordered in any fashion suitable to the die vendors/customers
involved.

Figure 1: KGD
Assurance fechnologies
apply to the generic
processes used for IC

manufacture.

Die Assembly/
Technologies
* Device Design ]
« Wafer Fabrication / \
Device Test ll

» Wafer/Die Probe (Basic
Functional Test)

* Wafer Mount and Saw

» Die Assembly/ Bum-in
Disassembly/
Interconnection KGD )

* Device Test (Full Processes l inepection | Paci/Ship
Function Test)

¢ Bumn-In

e Pack/Ship

» Inspection
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5.0 DETAILED PROCESS DESCRIPTION

5.1 Device Design
5.1.1 Rules(-1)
No change or impact required
5.1.2(-1) Recommendations
None
5.1.3(-1) Test Methods
Will be evaluated based on engineering judgment of design.

5.2 Wafer Fabrication
5.2.1 Rules(-1)
No change or impact required
5.2.2(-1) Recommendations
None
5.2.3(-1) Test Methods
Will be evaluated based on engineering judgment of design.

5.3 Wafer/Die Probe
5.3.1(-1) Rules
Nothing in the process should prevent the use of currently practiced wafer probe
techniques.
5.3.2(-1) Recommendations
For some KGD products, wafer probe techniques will be able to support all electrical
testing currently being performed on the packaged version of the product. For these
products, wafer probe must perform the tests to the same levels and under the same
conditions as the packaged product, or eliminate wafer probe by inclusion of test in
subsequent processes.
5.3.3(-1) Test Methods
Will be evaluated based on engineering judgment of design.
5.4 Wafer Mount and Saw
5.4.1(-1) Rules
Nothing in this process should prevent the use of currently practiced wafer mount and saw
techniques. See Appendix B for issues to consider if die edge is used for alignment.

5.4.2(-1) Recommendations
None
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5.4.3(-1) Test Methods
Will be evaluated based on engineering judgment of design.

5.5 Die Assembly/Disassembly Interconnect
See Appendix A

5.6 Device Test & Burn-in
The device test and burn-in guidelines are divided into 2 sets of numbers, according to
number of device I/O accommodated. Low I/O technologies are defined as those able to
make electrical connection to fewer than 100 pads, and high I/O technologies are those able
to make electrical connection to more than 100 pads.
General rules which apply to Assurance Technologies for electrical test are:

Shall be BISTS capable
Shall accommodate basic functional test
Shall accommodate simulation/connection of external devices
Contact resistance compatible with bandwidth
Shall accommodate die with backside electrical connection requirement
Shall have pin 1 identifier
Shall accommodate die pads in passivation wells < 1.5um in dspth
5.6.1,3(-1) Rules & 5.6.2,4(-1) R-:commendations for Low I/O Technologies

Test Attributes| 5.6.1(-1) Test 5.6.2(-1) Test 5.6.3(-1) 5.6.4(-1) Burn-in
Rules Recommendations f Burn-in Rules | Recommendations

Carrier Operating | 0°Cto+125°C -55°C to +150°C Die =175°C Die =175°C

Temperature Ambient =150°C|] Ambient = 150°C

Time @ Max 12 Hours 168 Hours

Temperature

Contact <.5Q <.25Q <.5Q <.25Q

Resistances

Min Clock Fregq. 100 MHz 2GHz 20 MHz 50 MHz

Array/Periph Peripheral Both Peripheral Both

pads?

Pad Metalization | Al, Au, Solder Al, Au, Solder Al, Au, Solder Al, Au, Solder

Accommodated

Pad pitch 2200pum 2150pum 2200um 2150pum

Accommodated

Passivation 2100um 275um 2100um 275um

Opening
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Char. Impedance +10% +5% +10% 5%
Tolerance

Power dissipation 6W/cm* 20W/cm? 6W/cm? 20W/cm?
# of touch 22 22 22 22
downs/die’

Table 1. Test and Burn-in attributes required for low /O KGD Assurance Technologies

5.6.1.1(-1) Test Method for Temperature Cycling
KGD carrier will be temperature cycled per MIL Standard 883D Method 1010.7 except
with a temperature range of 0 °C to 85 °C, 0°C to +125° C, and -55 °C to 150 °C. Test
method 5.6.1.1 described in Appendix D.

5.6.1.2(-1) Test Method for Contact Resistance
KGD carrier interconnect will be tested for its contact resistance per MIL Standard 883D
Method 3017.3.3. Contact resistance must be less than or equal to 0.5 Q. KGD carrier
contact resistance will be measured prior to and during temperature cycling and bumn in.
Test method 5.6.1.2 described in Appendix D.

5.6.1.3,4,5(-1) Test Method for Maximum Clock Frequency, Characteristic Impedance,

and Bandwidth
KGD carrier interconnect will be tested for TDR rise time per MIL Standard 883D Method
3017. The characteristic impedance will be measured from the impedance waveform
display on the TDR. The characteristic impedance must be within 10% of the designed
impedance. Using the same test setup while replacing the TDR with a network analyzer, the
KGD carrier interconnect will be tested for its bandwidth pes MIL Standard 883D Method
4004.1.3.4. Bandwidth must be greater than or equal to 500 MHz. MIL Standard 883D
Method 3018 will be used for measuring the level of cross coupling of signals and noise
between pins, although no rules have been defined. Test method 5.6.1.3,4,5 described in
Appendix D.

5.6.1.6(-1) Test Methods for Die Damage or Contamination After Two Touchdowns
Die will be stationed in KGD carrier or socket and removed twice per manufacturer's
specifications. Die will be inspected for bond pad damage due to probe contact per MIL
Standard 883D Method 2010.10. Die will be inspected for damage to layers underlying the
bond pad metal due to probe contact per MIL Standard 883D Method 2010.10. Die will be
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wirebonded and pull tested for bond pad damage or contamination due to probe contact per
MIL Standard 883D Method 2011.7. Die will be tested for loss of adhesion to die attach
material from damage or contamination of back side of die due to Carrier or socket contact
per MIL Standard 883D Method 2019.5. Test 5.6.1.6 will be repeated after bum in. Test
methods 5.6.1.6 described in Appendix D.

¢ 5.6.3.1(-1) Test Method for Bum-in Test
KGD carrier will undergo burn-in per MIL Standard 883D Method 1015.8 . Test method
5.6.1.2 for contact resistance will be applied during bum in. Visual inspection per MIL
Standard 883D Method 2009.8 will be performed after burn in. Test method 5.6.3.1
described in Appendix D.

5.6.3.1(-1) Test Method for Thermal Resistance
KGD carrier will be tested for its thermal resistance per MCC specified thermal resistance
test. The KGD carrier thermal resistance will be tested using two test methods. One method
would be to measure the junction-to-ambient thermal resistance in a forced or free
convection environment. This method could be similar to the SEMI specification G38, with
the exception of using a thin film resistor sputtered on silicon rather than a thermal test
chip. Another method would be to measure junction-to-ambient and junction-to-case
thermal resistances in a system which uses a flat cooling surface to a cold plate for its
primary heat transfer mechanism.

5.6.3.2(-1) Test Method for Contact Resistance During Burn In
KGD carrier interconnect will be tested for its contact resistance per MIL Standard 883D
Method 3017.3.3 during test 5.6.3.1. Contact resistance must be less than or equal to 0.5
Q. Test method 5.6.3.2 described in Appendix D.

Note: Test Methods for high I/O technologies identical to low I/O
technologies.
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5.6.5,7(-1) Rules & 5.6.6.8(-1) Recommendations for High I/O Technologies

Test Attributes| 5.6.5(-1) Test 5.6.6(-1) Test §.6.7(-1) 5.6.8(-1) Burn-in
Rules Recommendations } Burn-in Rules | Recommendations

Carrier Operating | 0°Cto +125°C -55°C to +150°C Die =175°C Die =175°C
Temperature Ambient = 150°C| Ambient = 150°C
Time @ Max 12 Hours 168 Hours
Temperature
Contact £.5Q £.25Q <.5Q <.25Q
Resistance®
Min Clock Freq. 100 MHz 500MHz 20 MHz 50 MHz
Array/Periph Both Both Both Both

?
Pad Metalization | Al, Au, Solder Al, Au, Solder Al, Au, Solder Al, Au, Solder
Accommodated
Pad pitch 2125um - Periph 280um 2125um - Periph 280um
Accommodated 2200um - Array 2200um - Array
Passivation 275um 250pum 2 Sum 250um
Opening
Char. Impedance +10% +5% +10% +5%
Tolerance
Power dissipation | 10W/cm? 50W/cm? 10W/cm? 50W/cm?
# of touch 22 22 22 22
downs/die®

Table 2. Test and Burn-in attributes required for high /O KGD Assurance Technologies
Burn-in atmosphere or immersing liquid shall be such that device meets section 3.5 of this
document (Die Interconnect Quality) without requiring new equipment.




5.7 Shock/Vibration

5.7.1(-1) Rules
. To be determined.
5.7.2(-1) Recommendations

¢ 5.7.3(-1) Test Methods for Shock/Vibration
KGD carrier will be tested for damage after exposure to mechanical shock per MIL
Standard 883D Method 2002.3. KGD carrier will be tested for damage after exposure
to vibration per MIL Standard 883D Method 2007.3. .Test method 5.7.3 described in
Appendix D.

5.8 Pack/Ship
5.8.1(-1) Rules
Shall accommodate shipment and transmission of information consistent with the
requirements of the JEDEC KGD Specification10. Packing shall provide protection and
compatibility with storage conditions listed in that specification.
5.8.2(-1) Recommendations
Shall accommodate individual die traceability (site on wafer) from shipping location back
through fab.
5.9 Inspection

5.9.1 Rules(-1)
KGD Assurance Technology shall permit optical inspection including user
incoming quality verification procedures on the entire device.
5.9.2(-1) Recommendations
None
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Appendix A: KGD Assurance Technology Supplier
Requested Information

It is intended that the information in Appendix A be provided by the supplier of a particular
approach for test and bum-in die carriers. This information will be used for assessment of
the technologies.

A.1 DIE CARRIER INFORMATION

Cost of Test/Burn-in Carrier!!

# of reuses!?

Capacitance - Trace to trace

Resistance - Trace to trace

Resistance of trace (Carrier to die

pad)

Bandwidth (—3db)

CTE!3

Surface metal of Probe tip!4
Table A.1.1 Carrier attributes to be disclosed by KGD Assurance Technologies supplier.

A.2 DIE INTERCONNECT/BUMP INFORMATION

Bump Hardness Accommodated
Bump Material Accommodated
Bump Planarity Accommodated
Table A.2.1 Attributes of bumped-die conformance requirements to be disclosed by KGD Assurance
Technologies supplier.

A.3 DIE ASSEMBLY-DISASSEMBLY AND INTERCONNECT

The following attrib:ies of the die assembly, disassembly and interconnect aspects of a
KGD assurance technciogy must be specified and accepted by die maker, assurance
technology user and die customer. For each element, separate attributes are to be specified
for bare, bumped and TABed die.

The methods by which die are to be physically and electrically connected to Assurance
Technology equipment may vary according to the ultimate application. This guideline seeks
to anticipate but not enumerate, all of the assembly-disassembly and interconnection
attributes of possible Assurance Technologies. A checklist of applicable attributes is
provided in this section through which each proposed Assurance Technology might be
described. All applicable attributes must be specified by the Assurance Technology
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manufacturer. Proposing manufacturers are encouraged to add descriptive parameters not
listed herein so that their technology be fully understood. The completed list will serve as a
basis for assessment of technology complexity, risk and application/development cost. For
each element, applicable values must be provided for bare, bumped and TABed die related
processes.

Die preparation includes those process steps required to provide compatibility between the
die and the KGD carrier. These steps would not be required for a die which would be
burned-in and tested at the finished package level.

A.3.1 Die Preparation

Purpose (1.c., pad
cleaning, additional
metal, etc)
Form Factor
Interconnect
Applicability
‘Availability for
Licensing/Transfer
to Second Source
10n
Consumables
Additional
Processing

Bare Die Bumped Die TABed Die

Process Flow Chart
Number of Steps
(UM, Cost)
Equipment List
Cost Seasitivity vs

Complexity
Process Constraints

Pad Shape, Pad Size,
Quantity/Density
Wafer Size (Diameter,
Thickness)

Die Size

Passivation Opening
& Profile

Pad Footprint (i.c.
array, peripheral,
other)
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Incremental
Capacity per Tool
Set (i.e. Unit
Capacity of Process
Limiting Tool) »
"Process Control
Defect Definition
Criteria
Limits L
Yield Impacts
Ability to Automate
Environmental Cost
(Chemical
Disposal, etc)
Table A.3.1 Attributes of die preparation requirements to be disclosed by KGD Assurance Technologies
supplier.
A.3.2 Die Assembly
Bare Die Bumped Die TABed Die
Final Interconnect
| Applicability
Process
Qualification
Status/Readiness
Method of Validation
(i.c. Shipped Quality
Level of Product,
Manufacturing
Verification or
Feasibility, Level of
Development and etc.)
Availability for
Licensing/Transfer to
Second Source
Type of Bond
(Mechanical,
Metallurgical,
Other)
' Method of Bonding
(Thermal Reflow,
Thermal
I(éiomhgar:l:lssion,
echanical Clamp,
Lg@ﬂ v
onsumables (One
Time)
Solder
Lead Frame/Interface A
Flux
Wire (Gold,
Aluminum, etc)
Substrate/Carrier
226




Orhers (Process
Dependent)
Adaptability to
Di
Components (i.e.
Deooup g _
Capacitors, Tuning
Circuits, etc.)
Footprint
Constraints (i.e.
Array, Peripheral,
Depopulated Array,
etc.)
Reusable Fixtures
(Clamps, Trays,
Other)
Carriers/Interfaces
Carrier Type (i.e.,
Ceramic, Organic, etc)
Cartrier to BIB
Interconnect (i.e. Pin
Grid Array, Solderball
o)
Number of Reuses
Preparation for Reuse
(if applicable)
Adaptability to
Discrete Components
(i.e., Decoupling
Capacitors, Tuning
Circuits, etc)
Footprint Constrains
(i.e. Array, Peripheral,
eucDepﬂpulated) Array,
Performance/
Physical
Limitations
Die Size
Heat Sink Attachment
Maximum
T
Electrical
Characteristics (i.e.,
Speed, Frequency, etc)
Pad/Pitch Limitations
(Pad Size, Pad to Pad
Distance, Pad Shape,
Planarity Sensitivity)
ocess Control
Inspectability
OrientationlAlignmmt
Type of Bond
Integrity of Assembly
Process Description
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Process Flow Chart
Automation
Tools (i.e., Existing,
Unique, etc)
Force on Die
Protection from ESD,
Contamination,
Vibration, Shock
Carrier Shipability
Incremental Capacity
of Tool Set
Reworkability
Method of Alignment,
Die pads to
Interconnect
[ Traceability
Carrier Reuse (i.e.
EOL)
Lot/Die Production
Unit
Cost
NRE
U/H and Consumables
"Environmental Cost
(Chemical
Disposal, etc)
Table A.3.2 Attributes of die assembly requirements to be disclosed by KGD Assurance Technologies
supplier.
A.3.3 Die Disassembly
, Bare Die Bumped Die TABed Die
Method of Detach
Shear
Reflow
Mechanical/Vacuum
Removal
Other/None
 Process
Qualification
Status/Readiness
(Availability for
Licensing/Transfer
to Second Source.)
Consumables (One
Time)
Adhesive Tapes
Other
Fixtures/Carriers
Storage Capability
Special Protection
(i.e., Environmental,
Mechanical, etc)
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Process

Process Flow Chart

Automation

Tools (i.e. Unique,
Existing, etc)

Force on Die

Rework of Die Pads

Robustness for Next
Level of Assembly
(i.e. SPOL, etc)

Process Control

Tnspection Limits

Die Protection (ESD
Damage étc)

Defect
Definition/Criteria

Verify Integrity of
Next Level of
Assembly

Costs

(Chemical
Disposal, etc)

Environmental Cost

Table A.3.3 Attributes of die disassembly requirements to be disclosed by KGD Assurance Technologies

supplier.




Appendix B: Mechanical Alignment of Die Issues

Issues to be considered if mechanical die alignment is required; i.e., using the sides of a die
for alignment to a probe set.

Saw Cut Placement Accuracy (i.e., Distance to Designated Die Feature)

b. Saw Alignment Accuracy: Placement of saw cut centerline +/- 0.15 mils [4 pm)] of intended
location at any point across wafers of up to 8 in. [200 mm] diameter.

¢. Saw Cut Dimensions: Maximum Saw Cut widths maintained between 1.9 and 1.4 mils [48 and
35 um] throughout blade life. (Dimension of New Blade 1.8 mils + 0.1 mil [45 £ 2.5um)]).

d. Sawn Edge Camber: Total deviation (or bevel) of sawn edge from a straight vertical cut of not
more that 2 mils [50 um)] through the thickness of a die, or 5% of wafer thickness, whichever is
smaller.

e. Edge Cracks

f. Perpendicularity (Trapezoidal skew)

Total Saw Drift Control: It is recommended that wire saw system manufacturers work to
control the total wafer to wafer drift of saw alignment to an average no more than +/- 0.15
mils [4 ym] from all causes. This goal might be attained through active process control
based upon in-situ sensors. Midwafer optical recognition system based realignments may
contribute to this goal if throughput is not dramatically effected. Alignment based on die
row identification without special alignment marks is desirable.

Improved Saw Placement Accuracy: It is recommended that wire saw system manufactures
move to field products with improved placement accuracy equipment. Placement of cut
centerline to an accuracy of +/- 1 pm, even without improvements in blade thickness, is
considered beneficial to saw operations for both packaged and die product.

®
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Appendix C: Future Requirements (1996 Timeframe)

C.3.0 PHYSICAL CONFIGURATION (FUTURE)

C.3.1 Device types
C.3.1.1(-2) Rules
As 3.1.1(-1)
C.3.1.2(-2) Recommendations
None

C.3.2 Incremental Cost targets (Future)
C.3.2.1(-2) Rules
As 3.2.1(-1)
C.3.2.2(-2) Recommendations
Less than 1.0X the cost of the equivalent packaged part in volume

C.3.3 Wafer/Die sizes (Future)
C.3.3.1(-2) Rules
Shall accommodate devices from 400 square mils [0.25 square mm] to 3,100,000 square
mils {2000 square mm] , with a maximum aspect ratio of 3 to 1. Size tolerance on
singulated die will be <+ 1.0 mils [25um].
C.3.3.2(-2) Recommendations
None

C.3.4 Die thickness (Future)
C.3.4.1(-2) Rules
Same as 3.4.1(-1)

C.3.4.2(-2) Recommendations
None

C.3.5 Die Interconnect Quality (Future)

C.3.5.1 PLANARITY OF DIE/INTERCONNECT
C.3.5.1.1(-2) Rules

Same as 3.5.1.1(-1)
C.3.5.1.2(-2) Recommendations

None

C.3.5.2 METALLURGY OF DIE/INTERCGNNECT
C.3.5.2.1(-2) Rules
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Same as 3.5.2.1(-1)

C.3.5.2.2(-2) Recommendations

None

C.3.5.3 DAMAGE TO DIE/INTERCONNECT/PASSIVATION
C.3.5.3.1(-2) Rules

Same as 3.5.3.1(-1)
C.3.5.3.2(-2) Recommendations

None

C.5.0 DETAILED PROCESS DESCRIPTION (FUTURE)

C.5.1 Device Design (Future)

C.5.1.1(-2) Rules
No changes that adversely impact the performance of the device.

C.5.1.2(-2) Recommendations
BIST, Boundary Scan, DFBI

C.5.2 Wafer Fabrication (Future)

C.5.2.1(-2) Rules
No change that adversely impacts reliability of the device

C.5.2.2(-2) Recommendations
Change allowed.

C.5.3 Wafer/Die Probe (Future)

C.5.3.1(-2) Rules
None

C.5.3.2(-2) Recommendations
Changes in wafer probe equipment and techniques permitted provided the resultant product
will meet any and all wafer probe specifications currently in force.
Recommend whole wafer testing, or elimination of wafer probe by inclusion of test in
subsequent processes.

C.5.4 Wafer Mount and Saw (Future)

C.5.4.1(-2) Rules
None

C.5.4.2(-2) Recommendations
None
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C.5.5 Device Test & Burn-in (Future)
The device test and burn-in guidelines are divided into 2 sets of numbers, according to

number of device I/O accommodated. Low I/O technologies are defined as being capable of

making electrical connection to fewer than 100 pads, and high I/O technologies are those
capable of making electrical connection to more than 100 pads.
General rules which apply to Assurance Technologies for electrical test are:
Shall be BIST15 capable
Shall accommodate basic functional test
Shall accommodate simulation/connection of extemal devices
Contact resistance compatible with bandwidth
Shall accommodate die with backside electrical connection requirement
Shall have pin 1 identifier
Shall accommodate die pads in passivation wells < 1.5um in depth

C.5.5.1(-2) Rules & C.5.5.2(-2) Recommendations for Low I/O Technologies

Test Attributes| C.5.5.1(-2) C.5.5.2(-2) Test | C.5.5.3(-2) C.5.5.4(-2)

Test Rules | Recommendations | Burn-in Rules Burn-in
Recommendations

Carrier Operating | —40°Cto +125° -55°C to +150°C Die =175°C Die=175°C

Temperature C | Ambient = 150°C|  Ambient = 150°C

Time @ 24 168

Temperature

Contact <.5Q <.25Q <.5Q <.25Q

Resistance

Min Clock Freq. 200 MHz 2GHz 20 MHz 50 MHz

Array/Periph Both Both Both Both

pads? 3

Pad Metalization | Al, Au, Solder Al, Au, Solder | Al, Au, Solder Al, Au. Solder

accomodated

Pad pitch 2100um 2100um >100pum 2100pum

accomodated

Passivation 250pm 250um 250um 250um

Opening

Char. Impedance +10% +5% +10% +5%

tolerance

Power dissipation 6W/cm? 20W/cm? 6W/cm? 20W/cm?
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# of touch 22 22 1 22 22
downs/die
Table C.1. Test and Burn-in attributes required for low I/O KGD Assurance Technologies
(Future)
C.5.5.1(-2) Rules & C.5.5.2(-2) Recommendations for High /O Technologies

Test Attributes| C.5.5.5(-2) C.5.5.6(-2) Test C.5.5.7(-2) | C.5.5.8(-2) Burn-

Test Rules | Recommendations | Burn-in Rules in

Recommendations
Carrier Operating | —40°C to +125° -55°C to +150°C Die - 175°C Die - 175°C
Temperature C Ambient - 150°C | Ambient - 156°C
Time @ 24 168
Temperature
Contact <.5Q .L25Q
Resistance
Min Clock Freq. 190 MHz 500MHz 20 MHz 50 MHz
Array/Periph Both Both Both Both
ads?

Pad Metalization | Al, Au, Solder Al, Au, Solder Al, Au, Solder Al, Au, Solder
accomodated
Pad pitch 70um Periph, {70um Periph, 150um{ 70um Periph, | 70um Periph, 150jm
accomodated 150pum Array Array 150um Array Array
Min Pad Size 50um S0um 50pum 50um
Char. Impedance +10% +5% +10% +5%
tolerance
Power dissipation|  10W/cm? 50W/cm? 10W/cm? 50W/cm?
# of touch 22 22 22 22
downs/die

Table C.2. Test and Burn-in attributes required for high I/O KGD Assurance Technologies

(Future)

C.5.6 Shock/Vibration

C.5.6.1(-2) Rules

C.5.6.2(-2) Recommendations
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C.5.7 Pack/Ship (Future)

C.5.7.1(-2) Rules
Same as 5.8.1(-1)

C.5.7.2(-2) Recommendations
Recommend coding of device history or tracking information on each die.

C.5.8 Inspection (Future)

C.5.8.1(-2) Rules
Same as 5.9.1(-1)

C.5.8.2(-2) Recommendations
None
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NIL-STD-8830

METWOO 1010.7
TENPERATURE CYCLING

1. PRPOSE. This test is conducted to determine the resistance of @& part to extreses of high and low
tenperstures, and to the effect of alternate exposures to these extreses.

1.1 Isres end detinitions.

1.1.1 Logd. The specimens under test and the fixtures holding thuse specimens during the test. Maximum
Lload shall be deterained by using the worst cese load tesperature with specific specimen losding.
Monolithic loads used to simulate Loading may not be sppropriate when air circulation is reduced by Load
configuration. The saximus Loading must meet the specified conditions.

1.1.2 Monitoring sensor. The temperature sensor that is located and calibrated so as to indicate the
same tempersture 8s at the worst case indicator specimen location. The worst case indicator specimen -
location is identified during the periodic cheracterization of the worst case load temperature.

1.1.3 Morst cese loed tespersture. The tespersture of specific specimens ss indicated by thersocouples
isbedded in their bodies. These indictor spacimens shell be located at the center and at each corner of the
load. The vorst case Load tesperature is determined at periodic intervals.

1.1.4 Norking zone. The voluse in the chasber(s) in which the temperature of the losd is controlled
vithin. the Limits specified in table 1.

1.1.5 Specimen. The device or individusl piece being tested.

1.1.6 Jransfer time. Tne elapsed time between specimen resoval from one tempersture extrese and
introduction into the other.

1.1.7 feximum load. The Largest load for which the worst case Load temperature meets the timing
requirements (see 3.1).

1.1.8 bwvell time. The time from introduction of the losd into the chesber until the toed is trensferred
out of the chamber. : )

2. APPARATUS. The chamber(s) used shall be capable of providing and controlling the specified
tesperatures in the working zone(s) vhen the chamber is losded with a saximum load. The therssl capacity
and air circulation must enable the working zone and londs to meet the specified conditions snd timing (see
3.1). Uorst case load tesperature shall be continually monitored during test by indicators or recorders
reading the monitoring sensor(s). Difect heat conduction to specimens shall be sinimized.

3. PROCEDURE. Specimens shall be placed in such a position with respect to the airstresa that there is
substantislly no obstruction to the flow of air across and around the specimen. uhen special mounting is
required, it shell be specified. The specimen shall then be subjected to the specified condition for the
specified nuaber of cycles performed continuously. This test shall be conducted for a minimus of 10 cycles
using test condition C. One cycle consists of steps 1 and 2 or the applicable test condition and must be
completed vithout interruption to be counted as a cycle. Completion of the total number of cycles specified
for the test mmy be interrupted for the purpose of test chasber loading or unloading of device lots or as
the result of power or equipment failure. However, if the number of interruptions for any reason exceeds 10
percent of the total number of cycles specified, the test must be restarted from the beginning.

3.1 Yiming. The total transfer time from hot to cold or from cold to hot shall not exceed one minute.
The load may be transferred when the worst casé load tesperature is vithin the Limits specified in table 1.
However, the dwell time shall not be less than 10 minutes and the Load shall reach the specified temperature
within 15 minutes.

METHOD 1010.7
29 nay 1987
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RIL-STD-883D

TABLE 1. Temperature-cycling test conditions.

] |
) | ition t rature (°C)
Step |Minutes |
A B__ | ¢ D E F
|
1 > 10 55 +0 -55 +0 | 65 +0 45 +0 | 65 0 55 +0 |
Cold | | |
| -10 -10 | -10 -10 | -10 -10
l 1 | ] |
| | | | |
| 2 | 210 | 8 +10 | 125 15 | 150 +15 200 +15 | 300 +15 | 175 +15 |
jvor | | | I | | I
] | | -0 0 | 0 | <0 | < | - -0
L 1 | ] j ] i |
NOTE: Steps 1 and 2 mey be interchanged. The load temperature say exceed the
4+ or - zero (0) tolerance during the recovery time. Other tolerances shall
not be ex: .

3.2 Examination. After cospletion of the final cycle, an external visusl examinstion of the msrking
shall be performed without segnification or with a viewer having a magnification no greater than 3X. A
visual examination of the case, leads, or seals shall be performed at & magnification between 10X and 20X
(except the ssgnification for examination shall be 1.5X sinimum when this method is used for 100 percent
screening). This exsminstion end any additional specified messuresents and examination shall be made after
completion of the final cycle or upon completion of a group, sequence, or subgroup of tests which include
this test.

3.3 Failure criteria. After subjection to the test, failure of one or sore specified end-point
agesurements or examinations (see 4.d.), evidence of defects or damsage to the case, leads, or sesls or
illegible merkings shell be considered a failure, Damsge to the merking caused by fixturing or hendling
during tests shell not be cause for device rejection.

4. SUMMARY. The following details shall be specified in the applicable scquisition document:

a. Specisl Ming, if spplicable (see 3).
b. Test condition Letter, if other than test condition C (see 3).
Cc. Mumber of test cycles, if other than 10 cycles (see 3). - -

d. End-point measurements and exsminations (see 3.1) e.g., end-point electrical messurements, sesl
test (method 1014), or other acceptance criteria).

NETHOO 1010.7
29 nay 19%7
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MIL-STD-8830
NOTICE 1
RETHOD 1015.9
BURN-IN TEST
1. PURPOSE. The burn-in test is performed for the purpose of screening or eliminating marginal devices,

those vith inherent defects or defects resulting from manufacturing sberrations which cause time and stress
dependent failures. In the sbeence of burn~in, these defective devices would be expected to result in
infant mortality or esrly Lifetime failures under use conditions. Therefore, it is the intent of this
screen to stress microcircuits at or sbove maxiaua rated operating conditions or to apply equivalent
screening conditions which will revesl tise and stress dependent failure modes with equal or grester
sensitivity.

2. APPARATUS. Details for the required apperatus shall be es described in method 1005.

* 3. PROCEDURE. The microelectronic device shall be subjected to the specified burn-in screen test
condition (see 3.1) for the tise and tempersture specified (see method 5004 for the appropriate device
class) or, unless othervise specified, for an equivalent time and tesperature combination as determined from
tble | (see 3.1.1 and 3.1.2). QW manufacturers who are certified and qualified to MIL-I-38535 msy modify
the time or the tesperature condition independently from the regression conditions contained in table 1 or
the test condition/circuit specified in the military detail specification provided the modification is
contained in the ssnufacturers Quality Management Plan and the "Q" certification identifier is msarked on the
devices. Any tise-temperature combination which is contained in table I for the appropriate class may be
used for the applicable test condition. The test conditions (duration and tempersture) selected prior to
test shall be recoirded and shall govern for the entire test. Lead-, stud-, or case-sounted devices shall be
sounted by the teads, stud, or case in their normal mounting configuration, and the point of connection
shall be saintained at a tempersture not less than the specified ambient tesperature. Pre and post burn-in
seasureaents shall be made as specified. Burn-in boards shall not employ load resistors which are comson to
more than one device, or to more than one output pin on the same device.

3.1 W Basic test conditions are as shown below. Unless otherwise specified, test
condition not be applied to class S devices. Details of esch of these conditions, except where
noted, shall be as described in method 100S5.

8. Test condition A: Steady-state, reverse bias.

b. Test condition B: Stesdy-state, forward bias.

c. Test condition C: Stesdy-state, power and reverse bias.
d. Test condition D: Parallel excitation.

e. Test condition E: Ring oscillator.

f. Test condition F: Tempersture-sccelerated test.

*3.1.1 Jest t rature. The ambient burn-in test tesperature shall be 125°C minisum for conditions A
through € (except icr hybrids see table 1). At the supplier's option, the test temperature for conditions A
through E say be incressed and the test tise reduced in accordance with table I. Since case and junction
temperature will, under normel circumstances, be significantly higher than asbient temperature, the circuit
employed should be so structured that maximum rated junction temperature for test or operation shall not
exceed 200°C for class B or 175°C for class S (see 3.1.1.1). Devices with internsl thermal shut-down
circuitry shall be handled in accordance with 3.2.3 of method 1005. The specified test temperature is the
finisue actual asbient temperature to which all devices in the working ares of the chamber shall be exposed.
This shall be assured by meking whetever adjustments are necessary in the chamber profile, loading, location
of control or monitoring instrusents, snd the flow of air or other suitable gas or Liquid chember medium.
Therefore, calibration shall be accomplished on the chamber in a fully loaded (boards need not be lcaded
with devices), unpowered configuration, and the indicator sensor located at, or adjusted to reflect the
coldest point in the working area.

METHOD 1015.9
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RIL-STD-883D
NOTICE 1

3.1.1.1 !% ;ﬂ%m for high power devices. Regardless of power level, devices shall be able to be
burned in or e-tested st thei)r sexisue rated opersating tempersture. For devices whose maximum operating
tempereture is stated in terms of smbient temperature, T,, table I spplies. For devices whose mexisus
opersting tempersture is s:ated in terms of case tesmpersture, T, and wvhere the asbient temperature would
cause T, to exceed +200°C (+173°C for class $), the smbient epe&ting temperature may be reduced during
burn-in“and Life test from +125°C to a value that will desonstrate a T, between +175°C and +200°C and T
equal to or greater then +125°C without changing the test durstion. odte supporting this reduction shall be
sveilable to the scquiring and qualifying sctivities upon request.

3.1.1.2 %{M The ssbient or case burn-in test tespersture shall be as
specified in ¢ I, except case tempersture burn-in shall be performed, as s miniaus, at the saxisus
operating case tespersture (T.) specified for the device. Burn-in shell be 320 hours minimum for class K.
The device should be burned is at the maximum specified operating tespersture, voltage, and Loading
conditions s specified in the detail specification. Since case snd junction temperature will, under normel
circumstences, be significently higher than ambient temperature, the circuit should be so structured that
the seximus reted junction temperature ss specified in the detail specification, and the cure tesperature of
polymeric saterials as specified in the baseline documentation shall not be exceeded. If no maximum
junction temperature is specified, a msximum of 175°C is assumed. Accelersted burn-in (condition F) shall
not be perwitted. The specified test tesperature shall be the sinimum actusl ssbient or case tesperature
that sust be maintained for all devices in the chamber. This shell be sssured by making whatever
adjustsants are necessary in the chasber profile, loading, location of control or monitoring instruments and
the flow of air or other suitable ges or Liquid chesber medium.

3.1.2 W In test conditfon F, microcircuits are subjected to bias(es)
at & tempersture - to 1ch considerably exceeds the maximum rated junction tesperature. At
these elevated temperatures, it is generally found that microcircuits will not .operate norssily as specified
in their spplicable acquisition documents, snd it is therefore necessary that special attention be given to
the choice of biss circuits and conditions to sssure that isportant circuit aress are sdequately biased
without subjecting other sreas of the circuit to demsging overstress(es). To properly select the
asccelerated test conditions, it is recommended that an adequate sample of devices be exposed to the intended
high temperature vhile sessuring voltage(s) and current(s) at each device terminel to assure that the
applied electrical stresses do not induce demeging overstress. Unless otherwise specified in the detail
specifications, the minimum tise~temperature ccabination shall be as delinested by table I. The minimum
test time shall be 12 hours. The applied voltige at any or all terminals shall be equel to the recommended
operating voltage(s) at 125°C. Uhen excessive current flow or power dissipetion would result from operation
at the specified voltage(s), the applied voltage(s) at any or all terminels may be reduced to a minimum of
50 percent of the specified voltage(s) and the testing time shall be determined in accordsnce with the
formula given in 3.5.6 of method 1005. Oevices with internal thermsl shut-down circuitry shall be handied
in accordance with 3.5.6.1 of method 1005. Thermsl runavey conditions sust be svoided at all times.

3.2 . Pre burn-in sessurements, vhen specified, or at the senufacturer's discretion vhen not
specified, shell be conducted prior to applying burn-in test conditions. Post burn-in measurements shall be
completed within 96 hours after removal of the devices from the specified burn-in test condition (i.e.,
either removal of tempersture or biss) and shell consist of all 25°C dc persmeter measurements) (subgroup
A-1 of method 5005, or subgroups tested in lieu of A-1 &s allowed in the most similar military detsil
specification) and all parameters for which delts Limits have been specified as part of interim
(post-burn-in) electrical messurements. Delta Limit acceptance, when applicable, shall be based upon these
seasurements. 1f these messuresents cannot be completed within 96 hours, for either the standard or
accelerated burn-in, the devices shall be subjected to the same test condition (see 3.1) and tesgerature
previously used for a minimum additional reburn-in time as specified in table I before post burn-in
asesyresents sre aade.

3.2.1 Copldown after standard burn-in. AllL devices shall be cooled to within 10°C of their power stable
condition at room tesperature prior to the resoval of bias. The interruption of bias for up to 1 minute for
the purpose of moving the devices to cooldown positions separste from the chamber within which burn-in
testing wves performed shall not be considered removal of bias, (bias st cooldown position shall be same as
that used during burn-in). Alternatively, except for linear or MOS (CMOS, NMOS, PMOS, etc.) devices or
unless othervise specified, the bias be removed during cooling provided the case temperature of devices
under test is reduced to a saximum of 35°C within 30 minutes sfter the removal of the test conditions and
provided the devices under test are removed from the hested chamber within 5 minutes following resoval of
!;:uu.n :::izs;c dc ssssurements or alternrte subgroups (see 3.2) shall be completed prior to any reheating

cels).

RETHMOD 1015.9
1 June 1993




MIL-STD-8830
NOTICE 1

3.2.2 Cooldown after ﬁgl«!tgg burn-in. All devices subjected to the accelersted testing of condition
« F shall be coo to within C of power stable at room temperature prior to the resoval of bias. o
Intarruption of bias for a period of up to 1 minute for the purpose of moving devices 10 cooldown positions
separate from the chamber within vhich burn-in was conducted shall not be considered removal of bias, (bias
st cooldown position shall be same as that used during burn-in). All specified 25°C dc electrical
msasurements shall be completed prior to any reheating of the devices.

3.2.3 M%%F‘mm. The test setup shall be monitored at the test temperature initially snd at
] the conclusion test to establish that all devices are being stressed to the specified requirements.

The following is the ainisum acceptable monitoring procedure:

* a. Device sockets. Initially snd at Least each 6 wonths thereafter, (once every 6 months or just
prior to use if not used during the 6 month period) each test bosrd or tray shall be checked to
verify continuity to connector points to assure that bias supplies and signal information will be
applied to each socket. Board capacitance or resistance required to ensure stability of devices
under test shall be checked during these initisl and periodic verification tests to ensure they
will perform their proper function (i.e., that they are not open or shorted). Except for this
initisl and periodic verification, eech device or device socket does not have to be checked;
hovever, randoa sampling techniques shall be applied prior to each time & boerd is used and shell
be adequate to assure thet there are correct and continuous electrical connections to the devices
under test. ’

Connectors to test boards or trays. After the test boards are loaded with devices, inserted into
the oven, and brought up to at least 125°C (or the specified test temperature, if less than 125°C)
each required test voltage and signal condition shall be verified in at least one {ocation on each
test board or tray sO ss t0 assure electrical continuity snd the correct application of specified
electrical stresses for each connection or contact pair used in the applicable test configuration.
This shall be performed by opening the oven for a maxisum of 10 minutes.

c. At the conclusion of the test period, prior to removal of devices from tesperature and test
conditions, the voltage and signal condition verification of b sbove shall be repested.

d. For class S devices, each test boerd or tray and each test socket shall be verified prior to test
to sssure that the specified test conditions are applied to each device. This may be agcomplished
by verifying the device functional response at each device output(s). An approved alternate
procedure msy be used. :

vhere failures or open contacts occur which result in remsoval of the required test stresses for any period
of the required test duration (see 3.1), the test time shall be extended to assure actual exposure for the
total minimum specified test duration. Any loss(es) or interruption(s) of bias in excess of 10 minutes
total duration while the chasber is at temperature during the finsl 8 hours of burn-in shall require
extension of the test duration for an uninterrupted 8 hours sinimum, after the tast bias interruption.

4. SUMMARY. The following details shall be specified in the applicable scquisition document:

a. Test duration if other than as defined for the applicable class in method 5004, or time-temperature
combination shown in table 1.

* b. Test condition Letter.

¢. Burn-in test temperature, snd whether ambient, junction, or case (see 3), if other than as
specified in 3.1.1.

d. Test mounting, if other than normal (see 3).
e. Pre and post burn-in messuresents sand drift Limits, as applicable (see 3.2).

f. Authorization for use of condition F and special maximus test rating for condition F (see 3.1 and
¥ 3.1.2), vhen applicable.

9. Time within which post burn-in measuresents must be completed if other than specified (see 3.2).

A METHOD 1015.9
1 June 1993
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! TASLE I. Qurn-in time-temperature regression. 1/ 2/ 3/ &/

Rinimum | Rinimm time (hours) | Test Rinisus
teaperature condition reburn-in
T, O Class S | Cless B Class K | (see 3.1) time (hours)

100 = 352 | 700 lwybridsontyl 26 |
105 = 300 | 600 : 2
M0 — 260 320 . 26
13 — 220 440 " 26
120 — 190 390 - —26
15 240 160 320 A-E —2%
130 208 138 — - 2
135 1 1% 120 = : 18
140 160, 05 = . 16
S 140 92 — . 14
150 129 o | - . 2
3 — 48 o F 12
00 e 28 -— o ‘ A2
= 6 | - . 12
== 2 1 - . _12
1/ Test Mtie:.’;.:h.% :”w:mﬂzd prior to use and consists of

temperatures
&/ For condition F the maximum junction tempersture is unlimited snd care
shell be taken to ensure the device(s) does not go into thersal runewvay.
2, The only alloved conditions are as stated asbove.
Test tesperatures below 125°C ol be used for hybrid circuits only.

NETHOO 1015.9
1 June 1993
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MENOD XXR.3
MEGWNICAL SHOXX

b 1. ASWOSE. The shock test is internded to deterwine the suitability of the devices for use in electranic equipmant vhich ey
be subjectad to mxisretely ssvere shocks as @ result of mukinnly epplied forces or sbnpt canges in mticn produced by ragh
tandling, traneportation, or field cperetion. Shocks of this type msy disturd cpersting dwrecteristics or case dmage siwilar
0 thet resulting from excassive vibretion, partiaularly if the shock pulses are repetitive.

2. APPARATUS. The shock-tasting apperetus shell be capeble of providing shock puises of S0 to X0,0D g (peak) & specified

¢ with a pulse dretion betwem 0.9 and 1.0 millisscond, to the body of the device. The acceleration pulse shell be a helf-sine
vavefors vith an slloable distortion not gremter than 220 peromnt of the specified pssk accelerstion, axd shall be ssasured by o
trenecdcer ardd gptioel electranic filter vith a an-off freqency of st lemst 5 timss the fudimertal frequancy of the shock
pulse. The pulse durstion shall be mssured betwesn the points st 10 percent of the pssk acosieration during rise time and at 10
percant of the pask acceleretion during decay tiee. Absolute tolersnces of the pulse durstion shall be the grester of 20.1
millisecont or 230 percant of the specified duretion.

3. PROCEDIRE. The shock-tasting spperetus shell be sunted on a sturdy latoretory table or euivelant base axd leveled before
use. The device shell be rigidly saswed or restreined by its case vith suitable protection for the lexds. Means mmy be provided
™ prevark the shock from bring repasted de t “taance” in the apparetis.  Unless othervise specified, the device shell be
sbject to 5 shock pulses of the pmk () evel specified in the selected test condition and for the pulse duretion specified in
mdhmq,xz,vz,v.,,q,nb. for devices vith interral elesmnts mxnted with the sajor plane
MWNU‘YUB,ﬂ!ﬁmulhm.ﬁanmﬁlhmmbh“ﬂuws
mont. Unless othervise specified, test aordtition B shell apply.

Jest codition g level (peak) Ourstion of pulse (ms)
A S0 1.0
8 1,50 0.5
4 3,00 0.3
0 5,00 0.3
0,20 0.2
F 3,00 0.2
6 30,00 0.2

.1 Pamiration. After cospletion of the tast, an etervel visusl eaminstion of the mrking shall be perforssd without
sagnitication or vith a viewer having & mgnitication ro grester than 3X &l » visual eawination of the case, lexdis, or sesls
shall be performsd at & magnification betveen X and X, This eawination and ey additionel specifial mmsuremnts and
eaminaticn shall be mde after cospletion of the final cycle or upon cospletion of 8 grap, seuence, or subgrap of tests which
include this test.

3.2. failure criteria. After sbjection to the test, failure of &y specified seasuremsnts or eamination (see 3 ard &),
evidance of defects or demge to the case, lewis, or seals, or illagible markings shell be comidered a failure. Dasmge t©
swrking cmmed by fixturing or hendting during tests shell not be cmme for device rejection.

* SNWRY. The folloving details shall be specified in the spplicsble acquisition doasent:

a. Test condition, if other than test corditian B (see 3).

b. Nasber ad direction of shock pulses, if other than specitied (see 3).

c. Electricsl-lomd cxditions, if applicable (see 3).

d. then required, ssssurement macie sfter test (see 3 ard 3.1).

4 e. Uwn reyrired, seasurement during tast.
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METHD IX.2
VIBRATICN, WRIABLE FRECLIBNCY

1. ANOE. The writble fregancy vibretion test is perforend for the purpose of determining the effect an cospanent parts of
vibretion in the spacified freqancy range. This is a dastructive test.

2. NUNI\S. Aparetus for this tast shell include epsipment capsble of providing the requined verisble frequency vibration
at the specitied lavels e the necssssry cptical and electricel egsipmant for post-test Sessurements. -

3. POCSE. The device shell be rigidly fastenad on the vibration platfors and the laxis or cables aiaymtely seared. The
mcdthmm:wm-ﬁcmwm.pﬁunqtm«omwmomu)c-p-x
Mdhmmm&&wc(mm,ﬂmg). Test corditians shall be asplitude
cotrolled below the crossover frequency and g level controllsd sbove. The vibretion frequancy shetl be veried approxisstely
logerithwically betwen 20 ad 2,000 Hz. The entire freguncy renge of 20 t 2,000 iz end retun t© 2 Hz shall be traversed in
rot less than & sinuoms.  This cycle shell be performed 4 tisss in esch of the oriewatias X, Y, axd Z (twoeal of 12 tises), o
that the sotion shell be spplied for & ttal pericd of not Less than 48 wirutes. Whan specified, devices with an intermal cavity
mmcmmumwcmm‘ﬁumumuw-ﬁuwwc
mmmmmmcnumumumm—amunnmmmw
rovesl dumge or dislocation. there this test is parformad as part of & grapP or MbGrOW Of tests, the POSt-tast MemSUNERENTS Or
mumhm:ndﬁdlynhmu-b«mmuqumﬂnhmimcfh
grap or stgrap.

Jest_cordition Pask scceierstion, g
A r.o)
8 0
¢ 7

3.1 Bumiration. MMdhm,mmﬁﬂMdh-ﬁanhmwm
qﬁﬁmcﬂﬂumm&nlwﬂﬁmiQmmﬂmk-daMMdhm, lends, or seals
shall be perforssd st & sgritiaation betvesn 10X and K. This eawirstion and any sdfiticwl specified smssuressrts ard
mmmu-&mmdmmmcmmdan@m,cm«mmdn
inclisie this test.

3.2 fteiluge criteria. mmwhm,wm«qmmwmusmo,
evidance of defects or damge t© the cme, lexcs, or seals, or illegible markings shell be considersd a failure. Osmage ™

serking cmsed by fixturing or hendling during tests shall not be cause for davice rejectian.
4 SUSWEY. The folloving details shall be specified in the applicable acquisition docment:
a. Test cordition (see 3).
b. Memsuremrts after test (see 3 arw 3.1).

METED 2007.2
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RENCD AXP.8
EXTENAL VISAL

1. ANPOEE. The papose of this ewsinetion is o verify that the ssterisls, design, arstruction, markings, ad worimarahip
of the device ere in accordance vith the splicable soquisition docamnt. This test would rormlly be esployed at the angoing
inspaction from the device swusfucturer's facility or as an incowing user inspsction. This test smy also be utilized ™ nepect
for demge due to hardiling and mutting of the devices.

2. NPSIS. Apersts used in this tast shall be capable of deretrating device conforwance to the applicable requiresants,
wivich may include gptical equipsent capsble of sagnitiastion of 1.5X sinimn ad & relstively large ad acomsible tield of vies
axh as = illarinated ring magvitier.

3. PRCENRE. The devior shell be eawined uxier a sugrification of 1.5X to 10X (ss applicable) with & field of view
sufficiently large to cavin the attire device and allow inspactian in eccordance with the requiresants of the applicable
scisition specitication and the criteria listed in 3.2. Uhare atherence of foreign material is in question, devices msy be
abjected to 8 clean filtered air strem (suction or egulsiaV) of 88 feet per second emcimm, and reinapected.

3.1 Inmpection criteris. Criteris listed in 3.28 ard b shell be inepacted at 1.5 to 3X on & YD percant basis. Criteria
Listed in 3.2c thraugh h (as spplicible) shell be inepected st 1.5X to 90X on 8 WD peroent basis, or an & smple basis using an

LIPD of 2 with smrimm accept maber of 0. If ane or more rejects ocas in the smple, the Lot shell be reinspscted 90D percert
using & mgnification ro less than that wed for the originel inepection for the failed criteria.

3.2 feilure criteris. Devicss shell fail if twy eibit sy of the follaving:
a. Marking (conrent, placemrnt, Legibility, etc.) mot in accordance with the applicable specification.
b. Lemis or terwinals whvich are not intact or aligned in their rormsl locstian, free of sharp or unapecified Lead bards, or
free of twist astside the roreal lesd plane.
c. Device design, lead (terwirel) idextification, muterisls, construction, or woriamnship are ot in sccordunce vith the
spliable specification or draving.

d. Metal or ceramic paciages vith hard glass to metal sesls or glass fead thraugh type seal; or ceremic packeges vith brazed
lests or lexis exiting thragh the sesling glass which edibit ey of the folloving:

(1) Broken pacikages or cracks in the packages. Surface scretches shall not be camse for failure except wvhere they
violate other criteria stated herein for marking, finish, etc.

@ ay dvip an dimnsion thet exesds 0.0 inch in sy direction on the surface ard hes a depth Which excexs S
peromt of the thicknees of the affectsd peciage elemrt (e.g., cover, bese, or wll).

) Ay chip at of ceramic or sesling glass thet penetrates the sesling glass desper then the glass sarrisas plane, o
thet eposes any (exd frame material thet is not intended to be epossd by design. See ZB-1.

(&) Visible evidance of corrosion, cortawinetion, breskage, grossly bent or broken lemis, cracked sesls (except for
glass sanisam), defective (pesting, flaking, or blistering) or damged (scratches, mers, or irdentations which
opose uderplate or base metal) finish. Discolorstion of the finish shall rot be came for failure unless there is
evidence of flaicirg, pitting, or corrasion.

) Exterral Lead metallization stripe forwing 8 codictor © 8 brazsd lead Which ehibits wids grester than 25 percent
of the corxiuctor width,

®) ummem,cmwmmsmofummumu)mn
greater than 50 peroamt of the lemd thickness in depth.

M Lexis with burrs excesding & height greater than SO peroent of the lexd thickness.

METHD 2X5.8
S hy 1987
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@ Lexi wissligwet 0 the breze pad 1 the extat that Less than 75 paroant of the lexd braze section is brerd t©
the pad.

9 metalliztion Cinclisting solder lend finigh) in uvich the isolation betwesn lexds or betwesn Lesd end other package
mtallizstion is reduced © lass than 50 percant of the lead ssparetion, Bt in o case less then the caee autline
witviam.

C]

Sraze material flov, or other forwign asteriel (i.e., contawination or corrosion) which redices the isolation
betwemn lexis or betuesn braze pxis t less than 50 parowxt of Lexi ssperetion (pad ssperetion for breped lesds) tut
n 1o case less tun the case aline miviam,

(1) Protrusions on the bottam (amsting) surface of the paciage vhich extend beyand the smating plane.

(12 Protrusios (excluding glass nun aut) on any other package surface wvich eweads the Lead thickness in height.
(13) Evidance of crucks, detlawinstion, ssparetion, or widing on ey multilayer cerwwic package.
(9 %)

Braze maveriel wvhich incresses the lesd dissnsios to grester than 1.5 tiems the lesd thickress atove the design
mmnmmunmcmwmduu—mumnmmm
design ancimm belov the sesting plame.

(15) Laxis or terwinals Whvich are rot free of foreigh mterisl such as peint or other adherent deposits.

«. Defects in the smaling glass on packages with hard glams seals, baad sesls, or fesd-tvaugh glass sesls of irctividual
lends Which ehibit any of the follaving:

(1) Crezing of glass-essl surface (see figure 2X05-2).
@ hMatisl cracks thet originate st the case body glase-to-setal and propagete inard taard the lesds (see figure

3 hutial or ciramferetiel cracks wrich exverd beyard, or are located in the region beyord the widpoings of distnce
from the lexd t© the cme (ses figure D94 arxd 200-5). .

(&) Ay simgle cirasferential creck. (or oarlapping cracks) which do(es) not Lie cospletely vithvin a single qadrett
(i.e., eceds beyaxs 30° arc or rotation sbout te lex) (see tigure AX1H-5).

(S) Manisas crecks, exogt those locatad vithin one-telf the distance from betvemn the lesd t the case
(mtal-to-mtal), (see figre AX5-6). The glass mnisas is defined as that ares of glass uivich wicks wp the lexd
or terminel. Heir-line crecks ocarring in the glass mnisas are aalled eenisas crecks.

(6) Reentramt seuls uhich edvibit nounifors vicking (i.e., nagative mavisas) at the lesd or body interface, or both
(see figure 2105-8.)

(N voids, or pan or closed atbles in the sesting glass (see tigue ZXB-7).

f. Cormwic packages vithast lexis (e.g., lexdless chip carriers) vhich ehibit ey of the folloving:

(1) visible evidonce of corrosion, comaminetion, breskage, crecked semls or defective (peeling, flaking, or blistering)
or dumgd (scratches, sers, or indetations egosing uderplate or bese metal) fivish or evidance of platirg
rowhesion. (Discoloretion of finish shall not be came for failure unless there is evidance of flaking, pitting,
or corrosion.)

@ Cermmic chip-auts twt dissnsically excesd 50 percent of the distance betvamn terwinels in ary direction on the
affected surface (akye or cormer), ad exesd & depth of S5 percent of the thickness of the affected package elemsrtt
(e.g., cover, Lid, base or Wtl).

) Eviduoe of cracks, delamiration, separetion or widing on ey package elemt.

#ENCD A07.8
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(&) Lid or cover protrusions that eccesd 25 parcent of the terwinel width in hewght.
(5) Protrusics thet excesd & perowt of the terwinal width in height beyond the surface plane of the solder pads.

(6 Metallizmtion (ot intedixd by design) between solder pmds, betvemn elammnts of thersel patterns and between seal
ring or Lid to sstallizxd castellstions Wrich reduces the isolation to less than S0 percert of pad separstion.

(N Castelistion % solder pd misaligment., The setal in the castellation, excusive of the svular rirg, shell be
vithin the viaslly extedisd bosderies of the solder pad.

N Castellation configuration not in accordwnce with the follaving (see figure 209-10). The castellation shell be
raghly concave, carfined by a 3-dimmsical space traversing all castelisted cermwic layers at the pacikage edge.
The surface of the castellation ey be irregular. The "3-dimnsicul space” has these dimensions:

Minimm vidth > one-tivird package terwinel pad width
Rirvimum depth > ¢ e-half castellation sinimm width
Lergth = As desigrad (see figure ZX5-10)
Macimm vidth < package termirml pad width
Racimm depth < one-helf castellation smcimm vidth

These dimensions attespt to assure vith some remsorublensss that the castellations are not viewed, in the ectrem sese, as
virtal flat surfaces an the package edge &rd are ot virtal clossd vies (oles).

* g Evidence of ay nonaonforaance vith the detail draving or applicable acqrisition dooamnt, absence of any required 1
fexture, or evidence of dammge, corrosion, or contawination which will interfere with the normal applicstion of the
device.

h. Dwl-in-Line packages edvibiting awy visible scratch, mr, or indentation in the surface finish-of the leaxi above the
seating plane that exesxis wre than che-talf the vidth of the laxd snd severely dasages the finish or egses underplate
or base mtal.

* 4. SMWRY. The folloving details shall be specified in the applicable acqsisition document:

a. Reguiremants for mrkings ard the Lesd (terwiral), or pin identification.

b. Detniled reguiremsts for mterials, design, construction, and worimanship.

¢. Magnification if other then specified.

FETHOD 0938
5 nay 1987
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REJECT (EXPOSED SEALING

GLASS) -
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~ ACCEPT REJECT | ACCEPT
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REJECT (EXPOSED LEAD FRAME) |
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FIGRE A0%-1. Expued sealing glass. MENISCUS

PLANE
REJVECT

/ REJVECT
@ RS i
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Naccerr”

FIGRE 20P-2. Crazed glass surface.

( REJECT
2 /ACCEPT
/@

FIGRE IXP-3. Cracks prepageting towerd lead.
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REJECT
J L~ ACCEPT
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REJECT=EXTEND BEYOND
MIDPOINT FROM
LEAD TO CaSE

FIGRE 2X5-4. Radial cracks.

ACCEPT
= @ @6
\

REJECT NOT WITHIN— REJECT—EXTEND BEYOND ==
SINGLE QUADRANT MIDPOINT FROM
LEAD TO CASE

FIGRE Z0>-5. Ciramferential cracks.
ACCEPT

LOCATED AT OR
EXTENDING INTO

REJECT THE REGION 1/2
THE DISTANCE
BETWEEN THE
>50% OF LEAD AND CASE
DISTANCE
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,\ BROKEN AWAY  ,) | CRUSHED

ACCEPT FIRRE Z05-6. Menisas cracks. OR CRACKEDB
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REJECT J—REJECT

FIGRE IDP-7. Voids in sesling glass.

~ -
‘ \/
| L
NEGATIVE MENISCUS POSITIVE MENISCUS
REJVECTABLE ACCEPTABLE

FIGRE 2X5-8. Resrtrant seals.
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FIGRE 2XB-9. Casteliation to solder pad aligwent.
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PACKAGE
PLANE | / EDGE

VIRTUAL

\(,:lLROTSUEADL \):’ Y- REJECT _..%‘/FLAT SURFACE
VIA J— CASTELLATION WIDTH
PAD ACCEPT -—OPEN via
WIDTH IF WITHIN
Z DmENSiow ___ CASTELLATION
F
LIMITS, ; EJ%?:; STELL

PACKAGE __|
HEIGHT

FIGRE A05-10.

METHD 2058
D ny 1957

Castellations

Mt\ocdmllye;sufw-ic.

Note: Ceramic layers shift, edges are
raugh sfter punching, plating tuilap

is rot smooth, etc., all of these axbine
auring package srwfacture to sake the
castellation measuremart difficult.
Therefore, in the evant of anflicts in
deterifting castel Lation acceptance,
direct contact measuresent shall be made
using the Limits specified in MIL-STD-1835.
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METHOD 2010.10
INTERNAL VISUAL (MONOLITHIC)

1. PURPOSE. The purpose of this test is to check the internal materisls, construction, and workmanship
of microcircuits for compliance with the requiresents of the applicable acquisition document. This test
will normally be used prior to capping or encapsulation on @ 100 percent inspection basis to detect and
eliminate devices with internal defects, that could lLead to device failure in normal applications. It may
also be employed on a sampling basis prior to capping to determine the effectiveness of the manufacturer's
quality control and handling procedures for aicroelectronic devices. Furthermore, the criteria of this test
method will be used during destructive physical analysis (DPA) following the procedures outlined in test
method 5009, “Destructive Physical Analysis®. Test condition A and B provide a rigorous and detailed
procedure for internal visual inspection of high reliability microcircuits as specified in the screening
requirements of test method S004. For condition B product the alternate screening procedure documented in
test method 5004 may be used by the sanufacturer as an option to internal visual inspection as specified.

2. APPARATUS. The apparatus for this test shall include optical equipment capable of the specified
magnification and any visual standards (gauges, drawings, photographs, etc.) necessary to perform an
effective examination and enable the operator to make cbjective decisions as to the acceptability of the
device being examined. Adequate fixturing shall be provided for hendling devices during examination to
promote efficient operation without inflicting damage to the units.

2.1 GaAs device requirements. GaAs devices shall be inspected to all applicable criteris as Listed
herein. GaAs microwave devices shall also have additional specific criteria as listed and. the applicable
high power magnification for individual features of GsAs microwasve devices shall be selected from the
following table.

TABLE 1. GaAs microwave device hi
sagnification requirements.

| | | )
| Festure dimensions | Megnification range |

| | |
[ >S5 microns ] 75-150x ]
| 1-5 microns | 150-400% |
| <1 micron } 400-1000% |
i | A

* 2.2 Silicon-on-Sapchire (SOS) device requirements. $SOS devices shall be insbected to all applicable
criteria specified herein, except where noted. The sapphire portions of the die shall be considered
“nonconductive and nonoperational material®.

3. PROCEDURE.

2. General. The device shall be examined within the specified magnification range to determine
compliance with the requirements of the applicable acquisition document and the criteria of the
specified test condition.

The inspections and criteria in this method shall be required inspections for all devices and

locations to which they are applicable. Where the criterion is intended for a specific device
process or technology, it has been indicat .

Supersedes page 1 of MIL-STD-883D. METHOD 2010.10
27 July 1990
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b. Sequence of inspection. The order in which criteria are presented is not a required order of
examination and may be varied at the discretion of the sanufacturer.

vhen inverted die mounting techniques are employed, the inspection criteria contained herein that
cannot be performed after sounting shall be conducted prior to attachment of the die. Devices
which fail any test criteria herein are defective devices and shall be rejected and removed at the
time of observation.

Visyal criteria may be inspected as follows:

(1) Prior to die attachment without re-examination after die attachment; 3.1.7.2, 3.1.1.5,
3.1.1.7, 3.1.2, 3.1.4 e and 7, 3.1.5, 3.1.6 a-f, 3.2.6.

(2) Prior to bonding without re-examination after bonding; 3.2.3.

(3) Ffor condition 8 only; the following criteria mey be inspected prior to die attachment at high
power, plus Lov power after die attachment, provided a high magnification sample to LTPD 5 is
at precap inspection; 3.1.1.1, 3.1.1.3, 3.1.1.4, 3.1.1.6, 3.1.3, 3.1.4 a~d and g-o,
3.1.6 gand h, 3.1.7. 1f the sample fails the entire Lot shall be reinspected at high
magnification for the failed criteris.

* . Inspection control. In all cases, examination prior to final preseal inspection shall be
under the same quality program that is required at the final preseal inspection station.

Care shall be exercised after inspections in accordance with 3b, to insure that defects created
during subsequent handling will be detected and rejected at final preseal inspection. During the
tise interval between visusl inspection and preparation for sealing, devices shall be stored in a
controlled environment. Devices examined to condition A shall be inspected and prepared for
sealing in class 100 environment and devices examined to condition B criteria shall be inspected
and prepared for sealing in a class 100,000 environment, (see 30.1.1.7 of appendix C of MIL-I-
38535) except that the saximus sllowsble relative humidity in either environment shell not exceed
65 percent. Devices shall be in covered containers when transferred from one controlled
environsent to another.

t d. Magnification.. "High megnification” inspection shall be performed perpendicular to the die
surface with the device under illumination perpendicular to the die surface. "“Low magnification®
inspection shall be performed with a metallurgical or stereomicroscope with the device under
suitable illumination. Lowv megnificstion may be performed at an angle other than 90° to the die
surfece to facilitate the inspection. The inspection criteria of 3.2.1 may be examined at “high
magnification” at the ssnufacturer's option.

* e Reinspection. Uhen inspection for product acceptance is conducted subsequent to the
menufacturer's inspection, the additional inspection may be performed a: any magnification
specified by the spplicable test condition, unless a specific sagnification is required by the
scquisition document. Uhen suspected defects or deficiencies are noted, additional inspection may
be performed at megnifications needed to evaluate or resolve the suspect itens. WVhen sampling is
used, 60.4 sppendix A of MIL-1-38535 shall apply.

Supersedes pege 2 of NIL-STD-883D.
RETHOD 2010.10
27 July 1990
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NOTICE 1

f. Definitions:

(4 )
(€]
(&)
(4)
* 16
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1€4)]
1¢.)

1¢9)

€10)

NEW PAGE

Active circuit area. All areas enclosed by the perimeter of functional circuit elements,
operating metallization or any connected combinations thereof excluding beas leads.

Coupling (sir) bridge. A raised layer of metallization used for interconnection that is
isolated from the surface of the element.

Block resistor. A thin fila resistor which for purposes of trimming is designed to be much
wider than would be dictated by power density requiresents and shall be identified in the
approved ssnufacturer's precap visual implementation docusent.

Channel. An area lying between the drain and the source of FET structures.

Controlled environment. Shall be class 1,000, (see 30.1.1.7 of appendix C of MIL-I-38535),
except that the ssximum allowable relative humidity shall not exceed 65 percent.

Crazing. The presence of numercus ainute cracks in the referenced material, (e.g.,
glassivation crazing).

Detritus. Ffragments of original or laser modified resistor material remaining in the kerf.

Dielectric isolation. Electrical isolation of one or more elements of a monolithic
semiconductor integrated circuit by surrounding the elements with an isolating barrier such as
sewiconductor oxide.

Diffusion tub. A volume (or region) formed in a semiconductor material by a diffusion process
(n- or p- type) and isolated from the surrounding semiconductor material by a n-p or p-n
junction or by a dielectric material (dielectric isolation, coplanar process, SOS, SOI).
foreign materiasl. Any saterial that is foreign to the microcircuit or package, or any
nonforeign saterial that is displaced from its original or intended position within the

msicrocircuit package.

METHOD 2010.10

1 June 1993
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MerTOmst resistor width. The narTouest portion of a given resistor prior to triswing.

Operating setallization (codluctors). Metal or &y other mpterial usad for intercorvwction except setallized scribe
Linas, test patterms, uorvectad functionel cirasit elesets, uused bonding pads, ard identitication sarkings.

2 88

Origival vidth, The vidth dimnsion or distance that wauld heve bamn presert, in the sbsence of the cbserved
sbrormslity (e.g., originel metal width, originel diffusion vidth, original bemm vidth, etc.).

Package post. A ganeric term used to dascribe the bonding loaaticn on the paciage.

Pussivation. The silian axide, nitride or other insulating ssterisl that is grown or deposited directly on the die
prior to the depsition of aetal or betwemn metal levels an sultilevel devices.

Pussivation step. An sbryt charge of elevation (level) of the passivetion such as 8 contact virdow, or cperatirg
metellization crossover.

Peripheral metal. ALl wetal thet lies iemetistely adjscmnt to or over the scribe grid.

Shooting setal.  Metal (e.g., sLminm, gold) egulsion of wrias shupes and langths from wdier the vire boxd at
the bording pad.

Sibstrete. The spporting structurel aaterial into or Ypon wivich or both the passivation, metallizstion ad cirauit
eclamvts are placed.

8 88 § &8

g

Kubstrate via. A smil fole formed thraugh the vafer axd mmtallized, caming electrical comnection t be sade from
the frontside (the side on which the ciraritry is forme) to the backside of the wafer.

Thick fils. Thet conductive/resistive/dielactric systam thet is a fils having grester than 50,0008 thickness.

N

Thin fila. That coductive/resistive/dielectric systen that is a film eqel pulnﬂmiﬂ,dﬁinﬁn‘duus.

288

Vis astailimtion. Thet which comects the setallization of ane Level to another.

Irterpretatians.  Refererce herein to “that odiibits” shetl be considered setisfied vhan the vissl image or vissl
appenrance of the device uder emmwination indicates a specific cadition is present and shall not reqrire anfirmstion
by any other sethed of tasting. then other sethods of test are to be used for confirming that a reject codition does
not exist, they shall be approved by the acriring activity. For inspections performed on the ramge of 75X to KIX, the
criteria of 0.1 mil of pssivation, separation or eetal can be sstisfied by a Line of separation or a Line of metal
visible. .

Foreign material control. The mrufacturer shall perform an axdit on a weekly basis for (1) the presence of foreign
material vithin incowing piece part lids ard bases, and (@ the presance of foreign material on the die surface or within
the paciage of asseabled parts.

The adit of assmbled parts say be sstisfied daring routine interral visml inspection. If the presence of foreign
wmaverisl is discovered, the marufactirer shell perfora the necessary wwlysis an 2 sawple of the foreign msterial an the
aapect devices to deterwine the nature of the material. The msrufacturer shall document the results of this
investigetion ad corrective action to elisinmte the foreign mrterial and this inforeation vill be availsble to the
Soverrmant QMR, ard the acquiring activity or the galifying activity, as sgplicable. A corrective ection plan shall be
ctnained vithin a mxims of 10 working days of discovery,

The auxdit of incawing piece part Lids &xd beses shall be performad before parts are assesbled, or mmy be satisfied drirg
ragine incowing qality nspection. If the presence of foreign msterial of a size 1 mil or grester is discovered, the
mnufacturer vill arelyze the foreign materisl to deterwine its matire and doosment the results of the amelysis. If
aplicable, these results shell be distrituted to the vaxkr sgplying the parts, vith the request that the verdor
dooument corrective actions t winimize or eliminute such foreign materisl. This informstion will be awilable w the
arufecturer, Goverrant OR, ard the acuiring activity or qualifying activity, as applicsble.

KENED 2010.10
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m:‘hpicmmtmﬁ_usmhwwcpimm-t clearving process, approved by the gl ifying
sctivity, tat is slusys perforsnd either prior t© or during the assesbly process and these piece parts are stored in a
coerolied ewiromet util they are used.

The intent of these procedisres is t require investigation and resolution of foreign msterial prablems thet c not have
o effective screaving or detection asthodology but thet could camse degradistion ard evantual failure of the device
function. Repetitive findings vithout dvias isprovesents require escalation t Director of Manufacturing and Director
of Qslity Assurence to contirue proomssing.

Corctition A Cardition 8
Class S Class 8

3.1 High power inspection. Interrel visel eawirstion as required in 3.1.1 thragh 3.1.3 shall be conducted on each

microcirasit. ' In addition, the spplicsble criteria contained in 3.1.4 thraugh 3.1.7 shell be used for the appropriate
microcirauit ares where glassivation, dielectric isolation or film resistors are used.

MENOO 20%0.10
& ly 190

NOTE: Unless othervise specified, for flip chip product the criteria of 3.1 sheil apply only t top cirauit side inspection.
After die mutting, only criteria in 3.1.31 shell spply.

The high mgnificstion The high mgnification
inspaction shell be vithin the inspection shell be vithin the
range of 100X to 200K. range of 75X tw 150X,

For high magnification inspection of GeAs microwave devices, see table I herein. Also, for < 1 micron festures, the
serufacturer sy isplemant 8 smple imapection plan which shall be dooumented in the mrufacturer's interral procedure ard
approved by the qelifying activity.

3.1.1 metallization defects. Mo device shall be scceptable that edibits the following defects in the aperating setallizstion.
3.1.1.1 Metallization scretches:

a. Scretch in the setallismtion excluding 8. Scratch in the setallizstion, excluding bonding

bording pxdis and besm lends that lesves pads and bemm lesdis, thet egoses yrderlying
less than SO percent of the originel passivation anphere slong its length and Leaves
astal vidth udisturbed (sse figre less than 50 percent of the originel metal width
ano-L). udistrbed (see figare 210-5).

NOTE: For GmAs microwsve devices, scratches in the gate stripe or gate inserticn setallization.

N———-——\
For simle metal

= 4
-—1/4-— Accept: Scratch vhere the
remining uwdisturbed metal

X r—- ) width QU is greater than d2
4 (50 percert).

FIGURE 2010-4. Metallization scretch

g remaining wdisturbed aetal

width 00 is less than d2
(S0 percent).

criteria for class S.
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Cordition A Condition 8
Class S Class B

For sirgle Laver metal products

Accept: Scratch eqasing uderlying passivetion
vhere the remsining udisturbed setal vidth (X) is
grester then d/2 (50 percent).

Udertaying NOTE:
passiveTion d = Originel metal vidth
X = Udlisturbed metal width

Reject: Scratch eposing underlying passivetion
vhere the remsining undisturbed setal width (X) is
less then d/2 (50 percant).

FIGRE 2010-5. Metallization scratch criteria for class 8.

b. for condition A, see 3.1.1.1a above. b. Ffor corditian B enly. Scratch that completely
crosses 3 metallization path and dassges the surface
of the surrasnding passivation, glassivetion, or
substrate on either side (for M0S devices, the path
shall be the (U disension) (see figure 2N0-6).

GATE OXIDE
SOURCE . DRAIN

~ DRAIN  SOURCE
77 7
2 )
%% %

A 7
o [
- L—f SEE-}—J{GNED GATE

NON SELF-ALIGNED GATE

KITE: &hen stzrdiard eetallizaticn scratch criterion
is applied to the gate aren, the dimensions (W)
&xd (D shall be considered as the originatl
camel vidth ad legth respectively.

FIGRE 2010-6. MOS scratch criteria.

METHOD 2070.10
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Cordition A Cordtition 8
Class S Class B

DAMAGED OXIDE

FIGURE 2010-6. MOS scratch criteria - Continued.

c. Scratch in sultilayered setallizntion, excluding c. Scratch in mltilsyered metallization, excluding
bonding pacs and bamm lexis that eqoses bord pads ad beam lesds that egoses the
uderlying metal or pmsivation anyhere underlying setal arywhere alog its length
along its langth axd Llesves less ten 75 ad lesves less then &S percent of the originel
percant of the originsl metal width metal vidth uxdisturbed (see figure 210-8).

udisturbed (see figure 2010-7).

For multi netal ant

Accept: Scratch eqosing uderlying metal .
or passivetion vhere the remining
udisturbed metal width (X) is greater
than 3/4 d (75 percet).

Reject: Scratch eqosing underlying metal

or passivetion were the remining udisturbed
udhisturbed setal width 00 is less then

3/4 d (75 percart).

FIGRE 2DW0-7. Scrwtch criteria for class S.

. D200
Z7 wiy 90
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Cardtition A Candition B
Closs S Clmss B

\ For sutti metal ant

Acogpt:  Scretch eposing uderlying

bt metal vhere the remaining uxdisturbed
_‘A metal vidth (0 is greater than 0/4
& peroatt).
Underiying
¢ Meal NOTE:

d = Original metal width
x = Undisturted setal width

-t X r—
cﬁ Reject:  Scratch egosing uderlying

metal vhere the remmining udisturbed
aetal vidth 00 is less then d/4
@& percant).

FIGRE 2010-8 Scretch criteria for class 8.

L
NOTE: For crxdition 8 only. Criteria 3.1.1.1a, b,
and ¢ can be excludsd for periphersl power or ground
metallization vhere parallel paths exist such that
an apen st the scratch wuld ot cause an unintendad .
isolation of the metallizstion path.

d. Scretch in the metallization over a passivation step that leaves less than 75 percent of the original metal width at the
step undisturbed.

NOTE: for condition 8 only. Criteria 3.1.1.%a, b,
¢, and d can be excludied for the last &5 percent of
the Linsar length of the contact cut ard all metal
beyard, on the terwination exi(s) of the
metallization nns. In these cases there shell be
at least SO percant of the antact cpening ares
covered by metallization and st least a cotinous
40 percent of the comtact cpening perimeter covered
by undisturbed setallizstion (see figure 2010-9).

FENCD 21010
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Condition A Condition 8
Class S Class B
ACCEPT-SCRATCH AT TIP OF
CONTACT AREA WHICH IS
NITHIN X/4 FROM THE END
_[LOCATION OF TERMINATION END
QN AN REJECT,SCRATCH AT TIP OF CONTAC
N N/~ AREA WHICH IS GREATER THAN
f 3%5 § X/4, FROM THE END
N N3
X §§= =N
N N
N N
N N
FIGRE 210-9. Terwination eris.
e. Scrutch in the metallizmtion, over the €. Scratch in the metallizztion, over the
gate axide (applicable to MOS structures gate acide, that egqoses urderlying

passivation ad (eaves less than SO percent

of the length or width of the metallization
betwesn sarce ad drain diffusion uxdisturbed
(spplicable to MOS structures only) (see figure
2N0-11).

anly) (see figure 2010-10).

YETHOD 200,10
& &7 July 1990
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Cordition A Condition 8
Class § Class B

SOURCE L DRAIN

wp— GATE METAL

'\’\/'—J
4&:\&1{3) in the metallization over

the gate axide.

FIGRE 2010-10. MOS scratch criteria for class S.

Reject: Scratch exposing underlying gate axide where
the remaining undisturbed metal width (V) is less than
W/2 (S0 percent). :

( SOURCE DRAIN

v
—-xl-‘

T
SN
- -

GATE METAL

Reject: Scratch exposing uderlying gate oxide where
the remaining udisturbed metal width () is less than
LR (50 percent).

FIGRE 2010-11. MOS scratch criteria for c3ss 8.

METHD IN0.10
27 July 1990
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Cardtition A Corddition 8
Class S Class 8

£. Scretch in the mtallimtion that egoses the dielectric saterial of a thin film aapacitor or crossover. (Nt amolicable
to air bridges.)

g- Scretch in the bording pad or fillet ares that g- Scratch in the baxding pad or fillet area thet
rechioes the setallization peth width camecting ogoses urderlying passivetion or substrate
the bod t© the intercamecting metallization and reciices the setallizstion path width
to leas then 50 pesromnt of the nerrowest conecting the bond t the intercaonecting
anering intercormect awtallizstion stripe setatlization to less than SO percant of the
width. 1f two or mre stripes eter a bording rarrosest entering inte~comect metallizt on
pud, each shetl be corwidered separately. stripe width. If Do or more stripes enter

a bonding pad, esch shall be considered
separately.

h. Scrutch(es) (probe mark(s), etc.) in the boding pad ares that exposes underlying passivation or substrate ax leaves
less than 75 percant of the uglassiveted setallization ares udisturbed.

* i, For GaAs devices only, any tear in the air bridge metallization.

*  j. For GeAs devices only, @y lowering of the air bricye arch over active metallizstion due to sechanical damsege (e.g., a
scratdv).

3.1.1.2 metallizstion voids;

3. Void(s) in the metallization that Leaves less then a. Void(s) in the metallization theat lesves less then
75 percant of the original metal vidth udisturbed S0 percent of the original metal width undisturbed
(see figure 2N0-12. (see figure 210-13).

Acompt: Void eposing uwderlying semat Accept:  Void eqosing urderlying aetal
or passiveticn vhere the remining -1 x where the remining undistuyrbed setat
udisturbed setal vidth 00 is grester width 00 is grester than d2
tan 3/4 d (75 percant). (50 percant).
po—d
Reject: Void eposing uderlying setal Uxderlying  NOTE:
or passivation where the reminirg Metal or d = Original metal vidth
udisturbed metal width (X) is less Passivation X = Uxlistrbed metal
than 3/4 d (75 percent). —dx ‘._ vidth
Reject: Void egosing uderlying setal
width the remining uxisturbed setal
width (X} is less then d/2 (SO percent).
FIRRE 10-12. Void criteria for class S. FIGRE 2010-13. Void criteria for class 8.

NJTE: For cxrdition B anly. Criteria an be excluded for
peripheral power or grosdd metallization where parsilel
paths exist 30 that an cpen at the wid(s) wuld rot case
an unintexded isolation of the astallization path.

METHDD 010.10
Z My 190
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Cordition A Conditon B
Class S Class B
b. Void(s) in the metallizntion over & passivation step that lesves less than 75 percent of the original setal vidth at the >
step undisturbed.

NOTE: For cadfition B only. Criteria of 3.1.1.22 od b

can be excluded for the last 25 percant of the Lingar

Lengyth of the comtact cut and all metal beyord on the

terwination exi(s) of metallization nns. In these cases 14
there shall be at Least SO percent of the aontact opening
perimeter covered by ydisturbed metallization (see figure

n0-14).

ACCEPT-VOID AT TIPOF
CONTACT AREA WHICH IS
LESS THAN X,4 FROM THE END

LOCATION OF TERMINATION END

r=sa
REJECT, VOID AT TIP OF CONTACT

AREA WHICH 1S GREATER THAN

X
FIGRE XN0-14. Terwination ends.
¢. Voik(s) in the metallization over the gste axide that leaves less than 75 percent of the metatlization length (L) or \

width () between saurce and drain diffusions udisturbed (gplicable to MS structures only) (see figure 2010-15).

METHOD 2010.10 P
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Cordition A

Class S
d. Void(s) tat leave less than 75 percent of the
mtallization ares over the gate axide uxtisturbed
(applicable to M0S structures only).

Cordition 8
Class 8
d. Void(s) thet lesve less than €0 percamt of the

setallization ares over the gate oxide urdisturbed
(mpplicable to 105 structures anly).

e. Void(s) thet Lesves less than 75 perowt of the setallization width cincident vith the saurce or drein diffusion
junction Line udisturbed (mppliceble to MOS structures anly) (see figure 2010-15).

than 3/4 L (75 percemt).

GATE METAL el

feject: Void eposing uxierlying acide vhere the
reamining urdisturbed eetal vidth 00 is less

x

e .
|

i

—

Reject: Void eqosing uxierlying axide where the
remaining udisturbed metal vidth .7, is less

oen 3/4 ¥ (75 percent).
FIGURE 2010-15.

MS woid criteria.

1.
udisturbed (see figure 210~16).

Void(s) in the bondim ped or fillet area that reduces
the metallization path width comecting the bond ©©
the intercamecting metallization t© less than 75
peroant of the rerrowest enterirg metallization stripe
width. If two or more stripes enter 8 bording ped,
each shell be considered sepsratety. (see figure
210-16).

HETD 2010.10
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Void(s) in the bonding pad ares that lesves less then 75 percamt of its originel uglassivated metallization ares

g. Void(s) in the bading pad or fillet area that
recuces the setallizetion psth width comecting
the bord to the imtercomectirg metaltization
™ less than 50 percent of the rerrovest entering
metallization stripe wvidth. If two or wore
stripes enter a bonding pad, each shsll be
cnsidered separstely (see figare 2010-16).
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MERDD 2M.7
B0 STROGTH (DESTRUCTIVE BOMD ML TEST)

1. RIFOSE. The purpose of this test is t© ssssure bond strengths, evwsluste bond strength distritutions, or deterwine
campl iance with specified bord strength requiresstts of the spplicable saguisition doammt. This test mmy be aolied to the
wire-to-die bord, wire-to-mubstrate bord, or the wire-to-package lead bord inside the paciage of vire-conectead wicroelectranic
davices borded by soldering, thermocmpression, ultresonic, or related techwiques. It ssy also be spplied to borxis exterral
the device such as those from device terwinals-to-ebstrate or viring bosrd or to intermal bonds betwean die and aubstrate in
non-vire-borded device configuretions such as bess lead or flip dvip devices.

2. NPAMTILS. The spparetus for this test shell consist of auitable equipmnt for applying the specified stress to the bord,
et wire or terwinal as required in the specified test aadfition. A calibrated mmsurement and indication of the applied stress
in grems force (gf) shell be prvvided by eqipent capsble of EMesUring stressss wp O twice the specifiad minimm Limit value,
vith an acasecy of 15 percant or 20.5 gf, vhichwver is the grester tolersnce.

3. PROCEDURE. The test shall be conducted using the test cdition specified in the applicable acyisition doament consistent
vith the particular device construction. All bond pulls shell be couted ard the specified saspling, scomptarce, and aided sample
provisions shell be cheervad, as spplicsble. Unless otherwise spacified, for conditions A, C, &d D, the LTPD specified for the
tond strength test shall deterwine the minimm sesple size in terms of the winimm rusber of bord pulls to be scomplished rether
than the naber of cosplete devices in the seiple, ewept that the required naber of bond pulls shell be recomly selectsd from a
mivias of 4 devices. Bond pulls in accordance with test conditicns 0, F, 6, and H, while imolving tw or more bords shetl cant
as » single pull for bond strength and LIPD puposes.  Unless otharvise specifiad, for anditions F, G, and H the LTPD specitied
shall deterwine the rusber of die to be tested (not bonds). For hybrid or sultichip devices (sll conditions), a minimm of 4 die
or use all die if four are rot aveilable on & winimm of 2 cowpleted devices shall be wed. there there is oy ahesive,
mcmmm,mcmuﬁemsmmmmmm,nmw
test shall be performad prior to application.

i lip chip or bese-lead chips are bonded to substrates other than those in completed devices, the follawing arditions shell
aply: )

s ‘lhqlcefmbﬁ:m“lhmunﬂ-fwh-d@m.muhhm
devicas that they are intanded to represent. .

b. ThéripfwﬂﬁsmMlhmnh-mm.hwﬂﬁm,mhﬁeuﬁd
vithyin which the comleted devices are borded.

¢. The test chip substrates shall be processed, metallized, and handled identicelly wvith the completed device sbstrates,
during the same time pericd within which the cmpleted device substrates are processed.

3.1 Test ooditions:
3.1.1 Test axdition A - Bord peel. This test is rormally esployed for borxis extermal to the device package. The Lead or

mlmhmdamntlbmacminadn-wﬂntlpelifgstresismwimﬁeaec*ﬁd
angle between the lead or terwinel & the board or substrate. Untess othervise specified, an angle of S0 dagrees shall be used.
then & failure ocars, the force causing the failure and the failure crtegory shall be recorded.

3.1.2 Test cordition C - Wire pull (simgle bond). This test is normally esployed for internsl bards at the die or substrate
ad the lesd frame of wicroelect-anic devices. The vire comecting the die or substrate shall be cut %0 as to provide to exis
accessible for pull test. In the case of shory wire runs, it may be necessary to cut the wire close to one terwirmticn in order
o allow pull test at the aposite termination. The wire shall be gripped in a suitable device ad simple pulling action applied
o the vire or t the device (with the wire clampsd) in such 2 mamer that the force is applied approxisetely romal t the
arface of the die or substrate. then a failure ocars, the force causing the failure and the failure category shall be recordsd.

¥ENDO D17
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3.1.3 Test cordition D - vire pull (daple tond). This procedre is identical t thet of test andition C, except thet the
pull is applied by inserting & hook uxder the lexd vire (attached  die, substrute or haxder or both exis) vith the device
clamped arci the putling force applied sppraciestely in the arter of the wire in a direction approcisstely rorwsl to the die or
abstrate aurface or appraciastely rorwsl to 8 straight Line betwaen the bonds.  then a feilure ocaurs, the force ausing the
failure and the failure category shell be recordsd. The sinimm bond strength shell be teien from mble 1. Figure 2011-1 sy be
used for vire dimmters not specified in tible I. For wire diameter or equivelent crass section X0.005 inch, where & hook will
not fit uder the vire, 8 sitable clamp can be wed #n Lieu of & hook.

3.1.4 Yest conddition F - Borw) sheer (flip dvip). Tivis tast is roreslly esployed for interval bods betwesn o sewicorductor die
d & sbstrate t© Which it is attached in & face-borded configuretion. It mey also be used to test the boxis betvaen & mbstrste
wd an interaxdiste carrier or ssaxdiry substrate to wich the die is munted. A sritable tool or wedge shall be braght in
contact vith the die (or carrier) st 8 point juat sbove the primery substrete and a force applied perpedicular t ane edye of the
die (or carrier) ard pareliel to the primry sbstrete, to came bord feilure by shear. When s failure ocaurs, the force at the
time of failure, ad the fuilure category shell be recorded.

3.1.5 Yest cordition 6 ~ Pushoff test (bmm lax). This test is norwally esployed for process control ard is used on a ammle
of semicodctor die bodei to a specisily prepered substrate. Therefore, it cawot be wsed for rerciom smpling of production or
inapection ots. A setallized substrete cntaining a hole shall be esployed. The hole appropriately centered, shall be
atticiently large t provide clesrence for @ push twol, tut rot large eugh t interfere vith the bordding aress.  The push tool
shall be sufficiently large to minimize devioe crecking dring testing, but not large exagh t antact the bume leads in the
avdor bond ares.  Procesd vith psh-off tests as follows: The substrete shell be rigidly heid and the push tool inserted through
the fole. The comact of the push ol o the silicn device shall be sade vithout grprecisble impact (less twun 0.01 inch/wirute
(0.254 sn/wirute ) ard forosd ageinst the underside of the bonded device at a canstant rate.  Uhen failure ocars, the force st
the time of failure, axd the failure crtegory shell be recordsd.

3.1.6 Test cordition H - Pull-off test (basm lead). This test is rorwally esployed on 8 sasple besis an beam lemd devices
vivich have been borded doun an @ ceramic or other suitible sbstrate. The calibrated pull-off agperstis (see ) shell include a
pull-off rad (for instance, a arrvent logp of richrome or Kower wire) to make comnection with a hard setting achesive ssterial
(for instance, hest sssitive polyvinyl scetate resin glue) on the back (top side) of the beam lead die. The substrate shall be
rigidly installed in the pull-off fixture and the pull-off rad shell ke firm mechanical comection to the kKinvsive material.
The device shatl be pulled vithin S degrees of the normal t© st Least the calculated force (see 3.2), or untit the die is st 2.56
m (0.10 inch) sbove the sbstrate. Whan 8 failure occurs, the force at the time of failure, the calculated force Limit, ad the
foilure category shell be recorded.

3.2 Failure criteria. lybdmllmidtmxainmwmwlidmlnsﬂmﬂmirdia'tdintblelu
the required sinias bod stregth for the indicsted test condition, composition, and construction shell costitute a failure.

3.2.1 failure cateory. Failure cavegories are as follows: When specified, the stress required to advieve sepsretion and the
cutegory of separation or failure shall be resorded.

a. For inverral wire bores:
(a1) Wire bremk at necldown point (reduction of cross section due to -nding process).
2 Wire bresk at point other than neckdown.
a3 Failure in bord (interface between wire and setalliztion) at die.
(a4) failure in bord (interface betwesn vire and setallization) at substrate, package post, or other than die.
(a-5) Lifted setallization from die.
=6 Lifted metallization from substrate or packmge post.
- Frectre of die.
@8 Fracure of substrate.

ETD 2011.7
2 Yarch 1989
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b, For exterrsl bordds comnecting device to wiring board or substrate:

(1)
-2
®-3)

(b-4)

®-5)

Lexd or terwinal break st deforwmstion point (weld sffected region).
Lead or terwinal break at point not affected by bonding pracess.

Feilure in bord interface (in solder or st point of weld interface between lead or terwirel and the toerd or
abstrete corductor 1o which the bord was made).

Conductor Lifted from board or substrete.

fracture within board or substrate.

c. for flip-chip configurstias:

(c-1)
(=)
(c-3)

Feilure in the bod material or pedestal, if applicmble.
Fracture of die (or carrier) or substrete (removal of portion of die or substrate imediately under the bond).

Lifted metallization (sepsration of atallization or boding padestat from die (or carrier) or substrete.

d. For bemm lexi devices:

(-1}
(d=2)
(d-3)

(=B

Silicon broken.

Bemm Lifting an silicon.

Boam broken at bord.

Basm broken at edoe of silicon.

Beam broken betwesn bord and edge of silicon.

Bord Lifred.

Lifted metallizetion (separstion of metallization) from die, separstion of bording pad.

Lifted metallization.

NOTE: RF/microusve fwbrids that require extremely flat loops which sy cause erronecus wire pull data mey use the folloving
formula t deverwine the proper vire pull value,

there; V1=uvuugwmlltst.
Vy = Teble 1 value for size wire tested.
© = Grestest calculated vire locp amgle (figure 2011-2).

Also, RF/wicromve hybrids thet contain vires that canrot be accessed with a pull hook must be duplicated on » test cogpon in
such 8 way to allow hook access for purposes of pull testing., These wires are  be borded at the same time the prodction
hybrids sre borded using -2 same setup, cperstor, ad schecile.  The tast coupon wires are o be pull tested in lieu of the
uning or inecoessible wires on the praduction hybrid. Failures on the test capon shall be considered as failures o
praduction uvits ad approprriste action is to be taken in accordance with the applicable specification (figure 2011-3).

METHD M7
2 March 1985
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| | ]
| | Vire | Mininm (( force)
| Test | composition  |Construction | | |
jeandition | ad diameter | r) | Pre smsl | Post seal wxi @y other |
| | v | | | processing and screening |
' 1 l l | _vhenaplicbte |
] | ! I | |
| A | —_ | —_— |given in - | Given in applicable |
{ | | |applicsble | doament |
] | | doament | !
| | | | { |
|corp | ALO.OO? in | Wire | 1.5 | 1.0 |
L | AUO.OXF in_| | 20 | 1.5 ]
| | { | | |
J]Cord | AOCOiIn | wire | 25 | 1.5 |
4 | A 0.000 in 4 30 1 2.5 ]
| | !
CorD |AODSin| Vire | Seme bord strength liwits !
| MO in s the 000 inviee |
I I |
[Cord |AODBin | wire | 3.0 | 2.0 |
] | A 00018 in | 4.0 | = 30 |
| ] | | |
|CorD | ALO.OOIS in |  Wire | 40 | 2.5 |
l | AU 0.0015 in_| 50 | 4.0 _
I | | | |
j]Cord | ALOOBOiIn | Wire | 2.0 | 8.0 ]
] | A1 0.0M0 in_| 150 | 12.0 !
i N | |
| ¢ 7 | Flip-clip 5 gram-force x |
i | i |__rasber of bonds (bumps) |
| | | | [
j6or | Ay | Boam tend |30 grams force in accordmnce vith !
| [ | linear willimeter of nowinel udeformed |
| ! | !
| ] ] |

| (before bonding) beme width. 3/
|

1/ For vire dimmeters rot specifiad, wse the curve of figure 2011-1 to deterwine
the bord pull Limit.

2/ for ritton wire, use the equivalent raund vire diameter which gives the same
crass-secticwml area as the ribbon vire being tested.

3/ for cordition G or H, the bond strergth shall be deterwined by dividing the
breaking force by the total of the nowiral bess widths before bording.

4. SMNRY. The following details shall be specifiad in the applicable acrisition docusnt:

a. Test cardition letter (see 3).

b. Rinimm boxd strength if other then specified in 3.2 or details of required strength distributions if applicable.
c. LTPD or rusber ad selection of bord pulls to be tested on each device, and maber of devices, if other than 4.
d. For test condition A, angle of tard peel if other than %0°, and bond strength Limit (see 3.2).

e. Reqyrirement for reporting of separstion forces ad failure aategories, vhen applicable (see 3.2.1).

FETHD 2011.7
2 Warch 199
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METHCD N6
PHYSICAL DIMENSIONS

*1, RRFOSE. The purpose of this eamiration is t verify that the extermal prysical dissnsians of the device are in sccordance
with the spplicsble scurisition doamet.

* 2, APPANIS. Equipmnt wad in this eamination shell include wicrameters, calipers, gmges, contour projectors, or other
ssamuring equipmant capible of deterwining the actel devioe dimwnsions specifiad in the applicable saguisition documrrt.

3. POCEARE. Unless othervise specified, the plysical dimssios on the came cutline drewing shell be memgured.
3.1 Ffailure criteris. Ay device which ehibits a disension or disensions autside the specified tolerances or limits shell
arstitute a fwilure.
* 4. SMURY. The following detail shall be specified in the spplicable aoquisition document:
Exterral diemnsions Wich are capsble of plwsicatly describing the device (see 3). Dissmions % be cosidered swil include
cese autline dimmsions; specisl lead shepes (e.g., required bend positions, angles of band), where spplicable; dimensions of

&y projecting or indavted festures wed for axding of lexd arrengement, autcsmtic handling and similar papose; ad oy
othwr inforamtion which affects the installed size or oriemation of the device in rorwel spplications.

METHOO N6
15 November 1974

272




MIL-STD-8830
NOTICE 1

NETHOD 2019.5
DIE SHEAR STRENGTH

1. PURPOSE. The purpose of this test is to determine the integrity of materials and procedures used to
sttach semiconductor die or surface mounted passive elements to peckage headers or other substrates. This
determination is based on a measure of force applied to the die, the type of failure resulting from this
application of force (if failure occurs) and the visual appesrance of the residual die attach sedia and
substrate/header metallization. :

2. APPARATUS. The test equipment shall consist of a load-applying instrument with an accuracy of =5
percent of full scale or 50 grams, whichever is the grester tolerance. A circular dynssometer with a lever
arm or a8 Lineer motion force- applying instrument may be used to apply the force required for testing. The
test equipment shall have the following capsbilities:

8. A die contact tool which applies a unifora distribution of the force to an edge of the die (see
tigure 2019-1).

b. Provisions to assure that the die contact tool is perpendicular to the die sounting plane of the
header or substrate.

c. A rotational capability, relative to the header/substrate holding fixture and the die contact tool,
to facilitate Line contact on the edge of the die; i.e., the tool applying the force to the die
shall contact the die edge from end-to-end (see figure 2019-2).

d. A binocular microscope with sagnification capabilities of 10X minisus and Lighting which
facilitates visual observation of the die and die contact toot interface during testing.

3. PROCEDURE. The test shall be conducted, as defined herein, or to the test conditions specified in the
applicable specific acquisition document consistent with the particular part construction. All die strength
tests shall be counted and the specific ssapling, acceptance, and added sample provisions shall be observed,
as applicable. .

3.1 Shear strenqgth. A force sufficient to shear the die from its sounting or equal to twice the minimum
specified shear strength (figure 2019-4), whichever occurs first, shall be applied to the die using the
aspparatus of 2 above.

a. \When a Linear motion force-applying instrument is used, the direction of the applied force shall be
paraliel vith the plane of the header or substrate and perpendicular to the die being tested.

b. When a circular dynamometer with a Lever arm is employed to spply the force required for testing,
it shall be pivoted about the Lever arm axis and the motiun shall be paraliel with the plane of the
header or substrate and perpendicular to the edge of the die being tested. The contact tooling
attached to the Lever arm shall be at a proper distance to assure an accurate value of applied
force.

¢. The die contact tool shall load against an edge of the die which most closely approximates a 90°
angle with the base of the header or substrate to which it is bonded (see figure 2019-3).

d. After initial contact with the die edge and during the application of force, the relative position
of’ the contact tool shall not move vertically such that contact is sade with the header/substrate
or die attach media. 1f the tool rides over the die, a new die may be substituted or the die say
be repositioned, provided that the requirements of 3.1.c are set.

METHOD 2019.5
29 May 1987
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NOTICE 1

3.2 Failure criteria. A device which fails any of the following criteria shall constitute & failure.
a. Fails die strength requiresents (1.0X) of figure 20194, )

b. Seperstion with less than 1.25 tises the siniaus strength (1.0X) specified in figure 2019-4 and
evidence of less than 50 percent adhesion of the die attach sedius.

¢. Separstion with less than 2.0 times the minisum strength (1.0X) specified in figure 2019-4 and
evidence of Less than 10 percent of adhesion of the die attach sedium. 'y

* NOTE: For eutsctic die attach, residusl silicon attached in discrete aress of the die attach medius
.shall be considered as evidence of such sdhesion. For metal glass die attach, die sttach meterisl on
the die and on the peckage base shall be considered as evidence of acceptable adhesion.

3.2.1 Seperstion categories. WUhen specified, the force required to achisve separstion and the category
of the sepsration shall be recorded.

a. Shesring of die vith residual silicon remsining.
b. Sepsration of die from die attach medium.
c. Sepsration of die and die attach medius from psckage.
&. SUMRARY. The following details shell be specified in the applicable scquisition document.

8. Ninisus die attach strength if other than shown on figure 2019-4.
b. Mumber of devices to be tested and the acceptance criteria.
¢. Requiremsnt for data recording, wvhen spplicable (see 3.2.1).

Supersedes pege 2 of NIL-STD-883D.
METHOD 2019.5
29 May 1987 v
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FIGURE 2019-1. Liant_interface on contact tool distributes
to the ir ar of the die.
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FIGURE 2019-2. Rotate the die contact tool or the device
for _psrallel alignment.
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— ~90°

FIGURE 2019-3. The contact tool shall toad inst that

of the die which forms an angle = 90° with
the_header/substrate.
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PETHO 300%. 1
TRANSITION TDE MEASUREMENTS

1. ARKEE. This asthod establishes the seens for mmemring the autput tresition times of digital sicroelectranic devices,
such as TIL, O, RTL, ECL, and NOS.

1.1 Detinitios. The folloving definitions shell apply for the purpose of this sethoxd.

1.1.1 Rise time ( . The transition time of the autput from 10 percent to S0 percent or voltage levels of autput voltage
with the anput changing fros the defined LOW level t the defined HIGH Level.
1.1.2 fall tiee (2. ). The tramsition time of the anput from S0 percent t© 10 percent or voltage levels of autput voltage
with the 37 danging fras the definad HIGH level to the defined LOW Level.

2 MPRNS. Suipmnt apable of masuring the elapsed tise betwesn specified percentage points (rormsily 10 percent to S0
percmt on the positive transition and S0 peromnt to 10 percent an the negative transition) or voltage (evels. The test chamber
shall be capable of meintaining the device under test at any specified tempersture.

* 3. PROCEMRE. The device shell be stabilized at the specified test tempereture.
The davice uxder test shell be losded as specified in the applicable acquisition dooment. hwhll—aﬁ!wm
specitiad in sethod XXR of this doament. The driving sigel shall be applied as specified in method XID1 or the agplicable
acquisition docment.
* 3.1 Measuremsnt of ad . lnlasoﬁetvisesutd,ﬁ’erisetrusit‘imﬁe(t.m')nllbemmmm
percent percent powmts on positive transition of the auntput pulse and the fall transition time (tm_) shall be messyred
between the S0 parcent and 10 percent points an the nagative transition of the autput pulse.  The device under test shell be
coxditioned sccording to the applicable aasisition doammnt vith nowinal bias voltages spplied. Figare 30061 shas typical
transition time mesuraEant.
%4, SUWRY. The following details sheall be specified in the agplicsble scquisition doamant:

X t.n".litits.

b. tm_litiu.

c. Tranzition time measuremmt points if other than 10 percent or S0 percant.

d. Peremeters of the drivirg signal.

e. Conditioning voltages (stztic or dynasic).

f. Lomd condition.

g- Power supply voltages.

h. Test tespersuse.

METHDD XD6.1
15 tovesber 1974
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FIRRE 3D%-1. Transition tise ssemsesents.

MENDD X06.1
5 Novesber 1976

278




MiL-5YD-B83D

METHOO X017
MICROELECTRONICS PACKAGE DIGITAL SIGNAL TRANSMISSION
1. RRPOSE. This methad establishes the smans of evalunting the daracteristic ispence, capacitance, add delay time of
sigel Lines in packeges used for high frequancy digital integrated cirauits. It is intended to assure a astch between cirauit
perfcruance &d intercanecting wiring to winimize signal degradation.
1.1 befinitions.

1.1.1 Cwracteristic impadance. The ispedance that a section of transrission line exhibits due to its ratio of resistance ad
inductance to capacitance.

1.1.2 Delay time. The time delay eperienced vhen a pulse genersted by a driver with a particular drive inpedance is
propegated thraugh a8 section of transwission Line.

1.2 Smbols.
R:  Resistance
L: Inductance
[ Capacitance

tﬁ: Propagation delay time
2. APPARATUS. The appromches for tryssission performance measurements shall include a suitable time domain reflectometer
(TOR) (see 2.1) and dc resistance mesasuring equipment (see 2.2).

2.1 Time dowmin reflectometer. The TR used for this test shall hove a system rise time for the displayed reflection that is
not less than 5 tises and prefersbly 10 times the rise time (method 3004) for the candidate integrated circuits to be packaged.
Intercomnecting cables and fixtures shall be designed such thet this ratio is not degraded due to reflections ad ringing in the
test setip.

2.2 DC resistance. DC resistance semsuring equipment and probe fixtures shall be capable of measuring the resistance of the
paciage leads and the chip-to- package interaornect media with an accurancy of no greater than 10 percent of the actual walue
including errors due to the sechenical probing interface contact resistance. .

3. PROCEDURE. The test equipment configuration shall be as shoun on figure 3017-1 using a time domain reflectometer as
specified (see 2). The cheracteristic ispedance (Zo), propagation time (t_)), resistance ad load capacitance (C,) shall be
meesurad for atl represantative anfigurations as deterwined by a review of the package drawings, and the applicatias
(see 3.2 thraxgh 3.3). :

3.1 Genersl considerations.

3.1.1 TOR measuresents. Acaurate measurerent of transmission performence of a package pin using a3 TOR requires careful design
ad isplemertation of adapter fixtures to avoid reflections dee to transwissian Lline discatinuities in the cables and junctions
between the TIR ard the package being tested. The accuracy of the measurement will be chanced if the comxial cable used
interface to the package is of a characteristic impadance as close as possible to the package pin impedance. The interface to the
package should be a soldered comection and mechanical design of the actual cosx-to-package interface should winiwize the Length
of the uncontrolled impedance section. Stripline interfaces are the best method for surface sount package styles.

3.1.2 Test configurations. Cbraining a good high frequency ground is also important. Camection of the package groud plane
(if the package design hes ane) to the test set-+p graund plane should be accomplished with a pin cnfiguration similar to actusl
usage in the intended package applications.

Pin selection for testing smy vary according to package complexity. For packages with very sysmetrical pin configurations only a
few pins need be tested but configurations sust include pins adjacent and ncnedjacent to the grourd pins.  Packages wvith complex
wiring and intercornection media shauld be tested 10D percert.

Eenoo 7
2 Hey 1987
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3.2 TYest procedsre for package trawwission cherecteristics. Using a section of cosxial cable of koun, calibrated
dwracteristic iapsdance ( )uanfm-nh-im(lmn)-iu( )tdm(lo)wuaufneﬂectim
coetticient (p) for the secticn of Line an the TOR display that has bamn carefully ined to be the package pin (locste using

2ero-length short cirauits).
mmmmewg)fud\dﬁemfmhm:

. (1+p)
2 zhfx (1-p)

3.2.2 Delay time sonmrement. Fros the TDR display of 3.2.1 seasure the time difference in picoseconds from the point
idetified as the start of the exterior peckage pin () t the chip interface point (v At = -ty

Form the package design drawings, deterwine the physical length of the package run (L)

At
Time delay tpy = 73

323 Load capecitance aalaulation.

Load capacitance C, = —;E

o
3.2.4 Llomd irductance calaulation.

2
Load inductance (series) = .(_t.éL)

L

3.3. Series resistance messureasnt.

Using the test.setups of figure J0T7-2, separately messure the dc resistance of the chip-to-package interface mtia (R and the
pactage lewd (R,).

4. SMWRY. The following details, vhen applicable, shetl be specified in the applicable scquisition docment:

a 2.

b, Twine

e 2, (mmo.
d Z, (win).
e, t“ (w0 .
f. o (min).
g. &(-0

R 017
2 may 1987




1.4 (meO.

5o 4 e,

[ 8 IL(-O

o. Package pins to be tested.
p. Pacikage ground contfiguratian.

MIL-STD-8830
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TYPICAL GROUND

/"~ CONNECTION
COAXIAL OR STRIPLINE
INTERFACE 7
7 COPPER
| - -« GROUND
10R S _ - __7\4 L FLANE
..... - _f L+——‘\ L

\—CH!P INTERCONNECT
LEFT OPEN CIRCUITED

FIGRE 3017-1. Time cosain reflectometer test setip.




2-WIRE PROBE CLIPPED

TO NEEDLE TIP ON
MICROMANIPULATOR

PROBE

MICROMANIPULATOR
PROBE

MIL-STO-8830

PROBES

SECOND PROBE TOUCHED .

DIRECTLY TO PACKAGE
SOLDER-PAD

MILLIOHMMETER

FIGRE XN7-2. Jest senp for dc resistance using a willichemeter.
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METHOD 3N8
CROSSTALK MEASLREMENTS FOR DIGITAL MICROBLECTRONICS DEVICE PACKAGE

1. ARPOSE, This method establishes the means of measuring the level of cross-capling of wideband digiia. signals and roise
betwesn pins in a digital sicrocirasit package. The aethod msy be used to gather data thet are weful in the prediction of the
package's coreritution to the roise mrgin of a digitsl device. The tedmique is competible with multiple logic families provided
that the drive ad loxd ispedence are loown.

1.1 Definitions.

1.1.1 ¢rosstalk. Signel and roise vaveforms coupled between isolated tranawission lines, in this case, package conductors.

1.1.2 copling cepacitance. The effective cpacitance coupling between a pair of conductors in & package a3 messured by the
time corwstant of the charge pulse applied on ane Line and messured on the other.

1.1.3 Noise pulse voltage. The voltage of @ crosstaik ssmsured at the winimm roise pulse width as sessured on 8 receiver
input Line.

1.1.4 Pesk noise voltage. The pesk velue of the roise pulse meaured on a receiver irput Line.

1.2 Smiols. The follaring sysbols shatl aply for the prpose of this test method and shall be used in accordance vith the
definitions provided (see 1.2.1 ad 1.2.2).

1.2.1 Logic levels.
Vq_(-l): The sacinm cutput low level specified in a logic system.
Vo (in): The winimm autput high level specifiad in a lagic system.
Vn_(-d: The meximm allosed input (ow voltage level in & logic system.
Vm(lin): The wirvimm allowd irput high level in 8 logic system.
1.2.2 Hoise gulse width.
ty The lov Level noise puise width, seasured at the Vp, (mp0 level (see methad J013).
oy’ The high level noise pulse width, sessured st the Vp, (win) level (see sethod 3012).

1.2.3 Transition times (see sethad 3006).

Co Rise time. The transition time of the output from the 10 percant T the S0 percent of the high voltage levels
with the autput changing from low to high.

T Fall time. The transition times from the SO percent t the 10 percent of the high woltage level with the output
changing from high to low.

1.2.4 Crosstalk persweters.

t: tagl ey cgmitne (e 1 1.0

Vit Noise pulse wvoltage (see 1.1.3).

Vi Peak roise voltage (see 1.1.4).

METHOO 3018
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2. NPMARS. The spperetis s for crosstalk memsesents shell include 8 suitable scurce generstor (see 2.1), widsbard
oscillosccpe (see 2.2), low capecitance probe (ses 2.3) and loxd resistors (ses 2.4).

2.1 Sorce gwergtor. The sousrce geerator for this test shell be capsble of dplicating (within 5 percent) the tramsition
ri-.vm.d levels of the lagic system(s) being cowidered for splication using the peckage style uder evalation. The
source guneretor Ll heve 8 rawirel cwrecteristic source iepednce of 50 dws.

2.2 Widshend ceciliosape. The cscilloscope used to scasure the crosstalk pulse shall heve a displey risetise thet is less
than 2) parcat of the risetime of the logic systams being considered for agplication in the package style uder evelustion. A
sapling-type cscilloscape is recommencied.

2.3 ow cmmcitae probe.  Ihe interface between the oscillosaope and the umit uvier test zhall be a high wpeciance low
capacitance probe. The probe ispsence shell be 10 i, snimm and the capecitance shall be 5 pf, mamm, unless othervise
specified in the scisition document.

2.4 \ond resistor. The lomd resistors specified for this test shell be low inductance, low capacitance, chip style resistors
with a tolerence of 25 percant. Load resistor veluss(s) shall be specified by the acquisition doamewt to match the load
ispudance levels of the spplication logic family for @ single receiver Lomd.

*3, PROCEDSE. The test equipmnt configuretion shell be as shan on tigure J018-1 using s source generator, oscillosape,
prebe ad loads as specifiad (see 2.  Measuremnts shell be mxie of capling capacitance, (ses 3.2) ard if required by the
acquisition doosmnt, of noise pulse voltage, pesk roise pulse voltage, and roise pulse vidth (see 3.3).

3.1 Gawrsl crwideratiors.

3.1.1 Packmge test configurstion. It is isportant to ground the package using the same pins a3 would be wsed in the
microcirasit application. If the package has an interrel graud plane or groud section, this should be cornectad via peciage
pin(s) t the exterior test set-p graud plane. The package should be corvectsd to the test set-p vith comxisl cable or
stripline. Unshielded conductor ssdium shauid not be used betvesn the sighel source and package. Comxial shields must be
grasded at both ends of the cable. Package sockets should not be used unless these sre to be part of the microcirauit
splication configurstion. Package lexds must be foresd and triemnd as spacified in the spplication. Peckege-to-dvip
intercomecting axdia shell be instalied in the peciage axi used ™ cavwct to the losd resistors.

*31.2 Pin selection. For sisple packages with symmtrical, parsilel pin corductors, only & sasple of pin cosbinations heed be
tested. Uhless otherwise specified by the acquisition document, all combiretions adjecant t the ground pin(s) and as cosbination
opposite the grand pin(s) shell be tested, & @ winimm. Casplex packages vith norpersilel conductors or multilayer wiring shetl
be tested for all adjecet-pair cosbinstions, unless othervise specified.

#3.2 Capling capscitance measurements. Cawect the test eipmnt a8 shown on figure X018-1. Use a 50 chw chip resistor Load
in the driven pin chamel, unless othervise specifiad. For the pick-wp charnel, wse the load resistor value(s) as specified by
the saisition doament. (Losd resistor values should be set such thet the parsllel cosbination of load resistance add probe
epadence satches as closely as practical the specified Load ispedance of a singte receiver in the logic system O be used in the
microcirauit spplication.) (heck the residml cross-capling of the mesuring set-up by tudhing the probe to the pick<wp charmel
Losd before the pick-Lp pin is canected to the resistor. Messure ad record the psak pulse voltage coserved. This pesak pulse
resding must be less than S0 percant of the reming cbeerved with the pin comectad to the resistor for 8 reading to be valid.
Adjust the test set-wp cable orientation s configuretion to winiwize this residal cross-cowpling.
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Camnect the pick-wp pins to the load resistor and adjust the pulse width so that the time required to charge the copling
capacitance t0 O V can be ciwerved. Memsure the tise at the &3 percett woltage point on the waveform (T) and calculate capling
capacitance (C.) a8 follows:

. Rp.one X R,
Determine R‘."ocnl = Dzobe °  load
Rhobo ’Rmd

_ T
Crotar = o
Rroe

Cc = Crocal = Crrave

\hu-safCcmhwnanmiwmfamﬁmdmtmtmu—ummtnusttadpaa‘up.
hmﬂi@mﬁim(cc)mawbmwpﬁia levels of crosstalk for verious logic systems or cirauit configurstions
by perforwing a pulse response aelysis uwing a cirauit simulator.

* 33 foise pulse mmuwsresants. Using the same test setp as in 3.2, mmemre the crosstalk moise pulse voltage at the minimm
roise pulse width specified for the logic systam or as specified by the scwiring agency.

Measure the peak noise voltage walue of the capled crosstatk.

4. SMURY. The follaving detzils, vhen gplicable, shall be specified in the axquisition document:

a.

b.

C.-

¥ETHOD 2018
3 ey 1967
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OSCILLOSCOPE

CH2 CHI
—_— L

50 OHM
CHIP
RESIST

=
Ry
GROUND PLANE
PULSE GEN
FIGRE X018-1. Test for i AtANCe mensrewertt.
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METHOD 40041

OPEN LOOP PERFORMANCE
1. ARFCSE. The papose of this test procsdure is to messure gain, bardividth, distortion, dynamic range, and ingut ispedance.
Gain, Jyrawic range, ard distortion are cmbined into a large sigrel test vhere the distortion ssesuremst will icate either
lack of dynmwic range or inherent distortion.
1.1 pefinitiaw. The follaving definitions shall agply for the purpose of this test methed.
1.1.1 nxims anpt voltage sving (Vo). The mximm cutput voltage swing is the smcimm pesk-to-pesk autput voltage which
mumm%mhqﬁmdcamwu*ismnlmﬁdrdmlm. The sarg
Levels are dencted by Wep and ~Vop.
1.1.2 Single eded input ispechnce (2,,.). The singte eded input inpedance is the ratio of the dange in inat voltage to the
Miﬂlmmmw&u input and groud with the other ingut terwinel ac grasded. In case of single irput
aplifiers, it is the impsisnce betwesn thet terminel and Tound. It is seasured st the quiescunt output dc Llevel.

1.1.3 Differential input impecance ). The differential input impadance is the ratio of the change in input voltage t© the
change i ungrasxied it terwinels of the asplifier st the quiescant anput dc Level.

1.1.4 Voltage guin (A0). The voltage guin (cpen laop) is the ratio of the autput voltage swing to the single ended or
differamtial | , required to drive the autput to either swing limit.

1.1.5 Badvidth, cpen loco (Bdy,). The cpen loop bandwidth is the rarge of frequencies within which the cpen-locp voltage gain
of the Tier is below the velue of the michend cpen Loop gein.

1.1.6 Distortion. The total ratio of the NS sum of all harenics to the total wiS voltage at the autput for a pure sine wave

mnput.

1.1.7 inity gain bandvidth (@W): The wnity gein bandvidth is the freguency at Wich the output voltage is equal to the input
voltage.

2. APPARATUS. The apparatus shall consist of appropriste test equipsent capsble of mmmsuring specified paremeters ad an
appropriate test fixture with standand input, cutput, and fescbeck resistances.

3. PROCEDLRE. The test figures show the camecticns for the varicus test aonditions. A differertial irput is shown, bt if a
simgle aed irverting asplifier is under test, the cosponents shown at the positive irput terwrinal shall not be wed. If a
roninverting amplifier is under test, it shall be necessary to either use fixad biss instesd of the dc feecback or to use an
inverting gain of one amplifier in the feedhack path. for differential anput devices, the mmsurements described in 3.1, 3.2,
3.3,NS.%bzlw,awlide.d-llum&hoﬁuummimhamﬁgnmmﬁeming
equipmet shall be comnected t the other autput.

3.1 ccen looo gmin using the rull locp. The test figure is shom an figure 4006-3. The load resistor R, is grasded. Set V.
o 10 V and meamure Ey,. Set Ve t +10 V and mesmure Eg,.

3.2 Distortion. Under the coditians of 3.1, rext the distortion an the distortion meter or the woltage st the output of the
rejection fiiter if et is used.

33 Meximm ot voltage swing. The test figure is shown on figure &0%-3. Sﬁvtmlmm. s«itees.,-s,‘m
closed. Forquptyav.!mlmu!pmitiwmiywtmwaﬁvz. For-vu,qptyaw‘ eqml ™ the negative sieply
volm-vosvz.

METHDD 40061
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3.4 Barcisidth. Bﬁtiﬁhdﬁm«vzuiﬂ“’nmLir-rqimdmaviaumrtmmnfwwiﬁdhr
the smssurenrtt of A, incresse the freqancy, while msintsining the asplifier of v, creumt, until V. recices to 0.707 of the
original velus 3 @B don). This frequancy shell be sessured as the bardvidth for the device under test. The test figure is
shoun on figure 4061,

3.5 Inpue ispeience. This vill be specified as & sinimm velue and shetl be msasured by cheerving thet the outiut voltage V,
doss not drop sore than 6 dB (2:1 in voltage) vhan the swvitch S is cpand.  This test shatl be perforeed st the specified
frequency vith a specific amplitude of ¥, vithin the Linewr regian. de-ub-gim-nwundmﬁm'uim
impucdance. The test tigure is shoun an Vigure D61,

3.6 Urity guin bandwidth. mhwdox(mima‘mm)mil%zel. The frequency at Wivich this
ocaurs is GBY. The test figure is shown an figure A04. Set the irput oltage V, to the required device voltage.

4. SUARY. The folloving details shall be specified in the splicable saisition doammnt for specitie’ welues of R‘, '2' c,
e for the rulling amplifier, “3 ad ’L

8 Vo, & specitfiad tesperature(s).

b Zp, (winimm), at specitied tempereture(s) sd frequancy.

S Zpy vhere gpliceble, at specified tepereture(s) and frequaency.
d. wmwidu,uwiﬁdw:)udfm.
e. A, at specified tasperature(s) and frequency.

f. By, a¢ specified tempersture(s).

g. Distortion (0, st specified temperature(s).

h.  Vgp, vhen applicable, at specified tespereture(s).

i. GB, st specifid tesperetures.

j. Test temperature(s). Unless othervise specified, all parameters shell be seasured st the winimm and maxinm specified
abient cperating teperstures ad at 5°C abient.
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THERMAL TEST BOARD STANDARDIZATION FOR MEASURING
JUNCTION-TO-AMBIENT THERMAL RESISTANCE OF SEMICONDUCTOR

PACKAGES

1. Preface

This document provides the requirements for a standard
thermal resistance test board to be used in junction-
to-ambient thermal resistance measurement of a
semiconductor package under still and forced air
condition as a referee method.

2. Applicable Documents

Information regarding the methods for measuring
juncti jent thermal resistance, the proper design
and use of thermal test chips, and material specifications
for printed circuit boards can be found in the applicable
documents listed below.

2.1 SEMI Specifications

SEMI G32 Guideline, Unencapsulated Thermal
Test Chip

SEMI G38 Still- and Forced-Air Junction-
to-Ambient Thermal Resistance
Measurements of IC Packages

22 Military Specifications’

MIL-P-13949  Material Specification for NEMA
Grade G-10 Printed Circuit Board
Material
MIL-STD-883C Method 1012.1, Thermal Charac-
.

3. Selected Definitions

Junction temperature, Tj-indegrees Celsius. Isused
to denote the temperature of the semiconductor junction
in the microcircuit in which the major part of the heat is
generated. Usually the measured junction temperature is
only indicative of the temperature in the immediate
vicinity of the element used to sense the temperature.

Junction-to-ambient thermal resistance, RojA - in
degrees Celsius/watt is the temperature difference
between the junction and the ambient, divided by the
power dissipation Pu.

power dissipation, Py - in watts. Is the heating power
applied to the device causing a junction-to-reference point
temperature difference.

temperature sensitive parameter, TSP - Is the
temperature dependent electrical characteristic of the
junction under test which can be calibrated with respect
to temperature and subsequently used to detect the
junction temperature of interest.

4. Ordering Information

‘The material required for making the thermal test board
can be ordered through any electronic supply store.

5. Requirements

General requirements regarding the materials used for test
board, the specified physical dimensions of the test board
and other necessary conditions are described in the
following paragraphs:

S.1 Material Requirements

5.1.1 The test board material should be NEMA Grade
G-10 or equivalent.

5.1.2 The conductor traces on the board must be copper
and the total amount of copper should not exceed 20% of
the surface area of the board.

5.1.3 The vias should be plated through.

5.1.4 External wire conmections from the package leads
to edge connector leads must be made with 24 gauge
copper wire.

52 Thermal Test Board Layout and Physical Dimensions
- Two separate boards are designed for the purpose of
thermal measurements of different types of
semiconductor packages.

52.1 Board One (shown in Figure 1), is for Dual-In-Line
Packages or sockets

a. Dimensions:
Length: 4.50 inches + 0.01
Width: 3.00 inches + 0.01
Thickness: 0.060 - 0.065 inches + 0.005

b. The vias shall be located on 0.10 inch centers + 0.003
non-accumulative,

1 Military Standards, Naval Publications and Form Center, 5801 Tabor Avenue, Philadeiphia, PA 19120

-
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¢. The diameter of the vias shall be 0.045 inches +
0.003.

d. The location of the vias on the board shall be as
shown in Figure 1.

5.2.2 Board Two (shown in Figure 2) is designed for chip
carrier packages.
a. Dimensions:
Length: 4.50 inches + 0.01
Width: 3.00 inches + 0.01
Thickness: 0.060 - 0.065 inches + 0.005

b. The copper traces shall be laid out on the PC board
as shown in Figure 2. The traces are drawn on 0.050
inch centers + 0.005 non-accumulative.

¢. The vias at the end of the copper traces shall be
located on the 0.10 inch centers + 0.003 inch
non-accumulative.

52.3 Equivalent boards for other packages should follow
similar guidelines as described in 5.2.1 and 5.2.2.

53 Mounting Guidelines - Board One is designed to
accommodate Dual-in-Line Packages and socket-
mounted Chip Carriers, whereas Board Two is designed
for surface mounting Chip Carriers and Flat Packs.

5.3.1 Example of package mounting on the boards is
shown in Figure 3. Packages should be mounted such that
the center line of the test board is coincidental with the
center line of the package.
5.3.2 The longer edge of the package should be closest to
the long edge of the board.

5.3.3 Packages must be mounted such that the standoff
height above the board is as per JEDEC guidelines. In the
case of a new package without such information available,
a minimum of § mil air gap between the bottom surface
of the package and the thermal test board is acceptable.

5.4 Mounting the Test Board for Still-Air Raja
Measurement

5.4.1 The test board should be mounted on a clamp as
shown in Figure 4 through a suitable edge connector
clamp.

SEMI G42-88
©SEMI 1986, 1992
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5.4.2 The test board and the edge connector clamp are
placed in a one cubic foot enclosure as shown in Figure
4. The edge connector clamp height must be adjusted to
ensure positioning of the package in the center of the
chamber.

5.4.3 The electrical wire connections from the package
are routed out of the one cubic foot enclosure cither
through an edge connector or through small diameter
holes in the box.

5.5 Mounting the Test Board for Forced-Air Raia
Measurement - Forced air Reja measurements are
performed in a wind tunnel whose diameter is 8.00 inches.
Details of the wind tunnel are given in SEMI G38.

5.5.1 The test board should be mounted inside the wind
tunnel on an edge connector clamp as shown in Figure S.

5.5.2 The test board is placed in the wind tunnel such that
the longer edge of the package is in a vertical position.
(Sec Figure 5.)

5.5.3 The longer edge of the package should face the
direction of air flow.

5.5.4 The longer side of tne package must meet the air
front first, as shown in Figure 5.

5.5.5 Airmay be forced through the wind tunnel by either
blowing from one end or by suction. (Suction being
preferred.)

5.5.6 The test board and the edge connector clamp are
placed in the wind tunnel as shown in Figure 5. The edge
connector clamp height must be adjusted to ensure
positioning of the package in the center of the wind tunnel.

5.6 Thermal Resistance Measurement Methods - Methods
for measuring Roja (Junction-to-Ambient Thermal
Resistance) of IC packages using thermal test chips have
been described in SEMI G32 and SEMI G38,
respectively. These methods or equivalent methods such
as the use of switching techniques, as described in
MIL-STD-883C, Method 1021.1, should be used for
making thermal resistance measurements of 1C packages
using thermal test chips or IC devices.
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Figure 1

Thermal Test Board Dual In-Line Packages

Material: Epoxy Glass, .062 Thk, FR-4 (Green), Copper Clad, 1 Oz. 1/1.
Gold-Plated Fingers, .00003 Min Thk, 18 on Each Side.

Fabricate Per IPC-D-320, Class IIL
Tolerance: +.003 (Unless Noted)
Fingers on Component Side of board (Shown) are Designated A Thru R.
All Holes Plated Thru.
Mates With Dale Connector, Part Number EB 7D-A18GFX Or Equivalent.

Singers on the Solder Side Are Designated as 1 Thru 18
(With 18 at Right When Viewing Face of Board).
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Thermal Test Board Surface Mounting PCC Packages

Notes:

1. Material: Epoxy Glass, .062 Thk. FR4 (Green,

Copper Clad, | Oz 11,

2. Gold-Plated Fingers. 00003 Min Thk. 18 on Each Side.

3. Fabricate Per 1PC-D-320, Class (1.
4. Tolerance: +.003 (Unicss Noted)

6. All Holes Plated Thru.

7. Mates Wich Duile Connector, Pan Number EB
7D-A18GFX or Equivaicnt.

5. meon(ommu(suedﬂmrdﬂmmam

Designated as A Thru R.

Fingers on the Solder Side are Designated as | Thre 18
(With 18 &t Right When Viewing Face of Board),

R
031 DIA—T/ T

FINGER DETAIL
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Location of Package While Mounting on Test Boards
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Test Board Positioning Inside Measuring Chamber
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Figure 5
Test Board Orientation Inside Wind Tunnel

"} NOTICE: SMmkesmwmnﬁesorwhﬁasstoﬂ\eaﬁhbﬂityofﬂwsm\da:dssetfaﬂihaehforany
particular application. The determination of the suitability of the standard is solely the responsibility of the user. Users
are cautioned to refer to manufacturer’s instructions, product labels, product data sheets, and other relevant literature
respecting any materials mentioned herein. These standards are subject to change without notice.
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Appendix E: Endnotes

1 Minimally packaged die have had some post processing done, e.g., bumped

2 Working Document, JEDEC Modified Version 2.0, 18 May 1993, As submitted for Ballot.

3 The bottom surface of the die is the plane of reference for planarity measurements.

4 Refer to Mil-Std-883, Method 2010, level B for allowable pad damage

5 Built In Self Test

6 The resistance of an electrical connection from the carrier to the die, measured at the point of contact.

7 Refer to Mil-Std-883, Method 2010, level B for allowable pad damage

8 The resistance of an electrical connection from the carrier to the die, measured at the point of contact.

9 Refer to Mil-Std-883, Method 2010, level B for allowable pad damage

10 Working Document, JEDEC Modified Version 2.0, 18 May 1993, As submitted for Ballot.

1 The estimated selling price/quantity of carriers, if applicable.

12 How many times can the carrier be reused and still remain within its specifications. Further information
on carrier maintenance cost and schedule to be furnished if applicable.

13 Coefficient of Thermal Expansion of probe substrate material.

14 Metal in contact with die pad/bump

15 Built In Self Test
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Section IV - Specifications

STANDARD FOR KNOWN GOOD DIE (KGD)
EIA Designation:

Preface

This standard was created to facilitate the procurement and use of high reliability
semiconductor microcircuits or discrete devices provided in bare die form, commonly
known as "Known-Good Die" (KGD).

This document provides requirements and guidance to KGD suppliers in regard to the high
levels of as-delivered performance, quality and long term reliability expected of this type.
It also reflects the special needs of KGD product customers in terms of design and
application data. This document is applicable to KGD products used in both commercial
and military applications.

This standard also reflects an understanding on the part of KGD users that quality and
reliability cannot always be assured in the same fashion as for conventionally packaged
microcircuits. KGD customers take on a significant responsibility for the proper
application and long term environmental protection of this type of product. The extent to
which KGD suppliers shall warrant die product is highly dependent upon customer
capability and adherence to strict quality controls. Cooperation between suppliers and
users is essential.

Scope

1.1 This standard provides guidelines and requirements for known-good semiconductor die
(KGD) used in other than conventionally packaged microcircuit or discrete formats. The
die described herein are intended to be high quality, reliable bare dice in die form only,
for use in a variety of user-defined applications (e.g., multichip modules, hybrid circuits,
memory cards, etc.) While this standard allows negotiation between supplier and user to
establish specific requirements for performance, quality and reliability, it is important to
recognize, in the case of military and aerospace applications, the minimum requirements
described in relevant military specifications.

1.2 This standard is limited to KGD consisting of a single microcircuit or discrete device
connected using conventional wire bonding or High Density Interconnect. KGD are
intended to be equivalent to or better than their corresponding packaged parts in terms of
electrical and reliability performance (unless specifically noted by the supplier). Per
requirements mutually agreed upon by KGD supplier and user, the KGD supplier shall
implement and demonstrate testing and screening required to assure this performance.
This standard deals only with KGD supplied in individual die form, for which the user
accepts responsibility for providing and assuring final environmental protection (e.g.,
hermetic sealing).
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2. Reference Documents

2.1

2.2

23

24

25

2.6

2.7

2.8

Military and Federal Standards!

FED-STD-209 Clean Room and "Workstation Requirements, Controlled Environments
MIL-STD-883 Microelectrorics, Test Methods and Procedures

MIL-S-19500 General Specification for Semiconductor Devices

MIL-M-38510 General Specification for Microcircuits

MIL-H-38534 General Specification for Hybrid Microcircuits

MIL-I-38535  General Specification for Integrated Circuits Manufacturing

Institute of Electrical and Electronic Engineers Standards?

IEEE 1029.1 Waveform and Vector Exchange Specification

IEEE 1076-1987 VHSIC Hardware Description Language

IEEE/ANSI 1149.1-1990 Standard Test Access Port and Boundary-Scan Architecture

Electronics Industry Association - Joint Electron Device Engineering Council Standards3
JC 19C General Standard for Statistical Process Controls

American National Standards Institute Documents*
ANSI Y14.5 Dimensional Standards

International Standards*
ISO 9000 Series Quality Management Standard

Other Reference Documents
Relevant KGD Supplier Data Book/Sheet or Specification

Order of Precedence (microcircuits): In the case of conflict between/among applicable
specifications, the following order of precedence shall apply for microcircuits:

2.7.1 Purchase order of other contractual documents

2.7.2 Detailed Specifications

2

2.7.4 This Standard

7
7
:'1.3 Other mutually agreed documents
Order of Precedence (discrete devices): In the case of conflict between/among applicable
specifications, the following order of precedence shall apply for discrete devices:
2.8.1 JANC die manufactured and tested per MIL-S-19550, Appendix H
2.8.2 Die manufactured and tested by best commercial practices
2.8.3 die manufactured and tested per MIL-STD-883, Test Method 5008
2.8.4 This Standard

1 Available from: Naval Publications and Forms Center, 5801 Tabor Avenue,
Philadelphia, PA 19120.

2 Available from: Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O.
Box 1331, Piscataway, NJ 08855-1331.

3 Available from: Electronics Industry Assn, 2001 Eye Street NW, Washington, D.C.

20006.

4 Available from: American National Standards Institute, 1430 Broadway, New York, NY

10018.




3. Requirements

3.1 Overview: In addition to the information provided for the equivalent standard packaged
die, KGD suppliers shall provide data as required in sections 3.2 to 3.9. For military
and aerospace applications, requirements per the appropriate military specifications and
requirements per section 3 shall be adhered to.

General Data: The following general data shall be provided for each KGD product type.

3.2

3.3

3.2.1

3.2.2

Part Numbering: Each KGD supplier shall establish a specific part numbering

system which differentiates its KGD products from each other and from

conventionally packaged equivalents.

Sample Die: Four types of sample die may be required by KGD users.

Availability of these sample types and the quantities to be provided shall be

negotiated as part of appropriate contractual agreements. These types include:

3.2.2.1 Conventionally packaged equivalents for system prototyping.

3.2.2.2 Mechanical samples of identical physical layout, orientation and pad
metallurgy to the final KGD and clearly identified as "reject”.

3.2.2.3 Prototype (proof of design) samples that are electrically functional and
from a product representative of the KGD to be sold to a particular
customer.

3.2.2.4 Acceptance samples which are representative of the updated version of a
KGD type which is about to be released with design or manufacturing
changes. These samples are intended to afford existing customers of this
KGD type an opportunity to evaluate the impact of these changes upon

. their specific application.

Design Data: Design data specifically required for the application of KGD shall be
provided. Mechanical data shail be provided in a format mutually agreed upon by KGD
Supplier and user. The data to be provided are:

3.3.1
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Individual KGD dimensions (x,y, thickness, pad shape, pad-to-pad
centerline/location) with tolerances and units of measure referenced to die center
line or other feature. (ANSI Std Y14.5 is the preferred format.)

Minimum die horizontal geometries (feature sizes).

Bond pad map (including available bonding area/passivation opening size), pin-
out list, including electrical potential and pin number one identification with
appropriate test designator.

Ident)iﬁcation of any connections which must be jumpered or skipped (e.g., test
pads).

Type and thickness of backside surface material and surface finish (e.g.,
polished or lapped).

Maximum and minimum allowable die junction operating temperature.

Known physical process limitations (e.g., temperature sensitivity, pressure
sensitivity, uv light sensitivity, etc.).

Other conditions that affect die function, such as critical thermal environments,
or additional materials (e.g., die attach materials) or components normally
connected to or used within the packaged part (e.g., trimming capacitors).

Final die passivation (top protective layer) material and minimum thickness.
Pad metal composition and minimum and maximum pad metal thickness.
Electrical potential of die bottom surface (e.g., floating, V¢ ground), maximum
bias voltage or current.

In high power applications, minimum current carrying requirement for the
user's substrate.
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3.6

3.7

Die Electrical Test Data: KGD suppliers shall provide, if applicable, and as negotiated in
contractual agreements, the following specialized electrical test data for each KGI
Nondisclosure agreements may be required prior to release of some of these data.

3.4.1 Designed-in testability features (e.g., redundancy, control fuses, error
correction, ad hoc, structured, boundary scan, built-in self test, etc.) with a full
description and explanation of each.

3.4.2 Device BSDL (Boundary-Scan Description Language) model in cases where
IEEE 1149.1 boundary-scan is implemented (ref IEEE/ANSI 1149.1-1990).

3.4.3 Any other product specific information relevant to electrical testing.

3.4.4 Exceptions to supplier packaged die data book.

Quality Assurance Provisions: Under the terms of appropriate contractual agreements,
KGD suppliers shall be prepared to demonstrate, with data or other certification, one or
more of the quality provisions described below. Nondisclosure agreements may be
required prior to release of some date. Visual or mechanical requirements shall be in
accordance with MIL-STD-883, Test Method 2010, or MIL-H-38534, with particular
emphasis on bond pad damage. Die acceptance testing shall be guided by best
g?)rggxercial practice or based upon elemental evaluation per MIL-STD-883, Method

MIL-I-38535 QML certification or equivalent

Compliance with MIL-STD-883

Compliance with ISO 9000

National Electronic Component Quality (NECQ) Audit

Compliance with JEDEC JC 19C

KGD supplier specific internal quality control methods

Outgoing die product DPM (Defects Per Million) due to all causes. (e.g.,
electrical reference to data sheet, visual and mechanical)

100% electrically tested to supplier and user agreed upon specifications.
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Reliability Provisions: Under the terms of appropriate contractual agreements, suppliers
shall demonstrate adherence to the agreed upon reliability levels with data, test and
screens or other appropriate methods. One or more of the following reliability provisions
;l;aulll‘ be utilized. Nondisclosure agreements may be required prior to release of some

"Infant mortality” data or PDA (percent defective allowed) for burned-in die
Supplier life test data based on comparable packaged parts expressed as Failures
In Time (FIT) rates

Projected long-term failure rates

Historical fabrication process yield data

Other company proprietary approaches (e.g., statistical process controls, in
line/end of line monitors, tests and screens, etc.)

100% stress testing (e.g., bumn-in; baking; temperature cycling) as agreed by
supplier-user specification.
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Change Notification: KGD suppliers shall provide notification of changes as specified
below. For die defined as compliant to MIL-STD-883, MIL-S-19500, MIL-M-38510,
MIL-H-38534, MIL-1-38535, or any other appropriate military documents, change
notification shall be in accordance with the requirements defined therein.

3.7.1 Immediate Notification: Degradations in die quality or reliability or unanticipated
changes in quality assurance provisions for as-delivered product.
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3.7.2 Minimum 3 Months Advanced Notice:

Changes to die size, thickness, and size/location of contact pads,
glassivation, bond pad opening or metallization.

Changes to the die electrical data

Changes to mechanical handling requirements

Changes to requirements for transportation protection, shipping and
storage

Anticipated changes in die reliability, quality or quality assurance
provisions
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3.73 Minimum 6 Months Advanced Notice: Discontinuation of die type
Packing and Shipping: KGD suppliers shall pack and ship KGD product as follows:

3.8.1 Die shall be packed and shipped in a method suitable to ensure protection from
mechanical damage, electrostatic discharge, and contamination while allowing
recover of die. Special packing and shipping considerations may be included in
contractual agreements.

3.8.2 The KGD supplier shall provide a method for coding and maintaining
traceability for each die to its wafer lot, and shall maintain traceability data for a
minimum period of 5 years, or as required by the procurement document. The
KSfD user accepts responsibility for maintaining die traceability to the suppliers
wafer lot.

3.8.3 As a minimum, each shipment of KGD shall include the following information:

3.8.3.1 Generic die type and revision number

3.8.3.2 Name of the supplier

3.8.3.3 Supplier wafer lot number

3.8.3.4 Any other coding necessary to link KGD to proper corresponding
documentation.

3.8.3.5 Guaranteed speed grade of the KGD (when specified)

3.8.3.6 Quantity of KGD in the shipment

3.8.3.7 Product specific information (e.g., ESD, sensitivity to light,
atmosphere required upon opening, etc.)

3.8.3.8 Shipping date

3.8.3.9 Wafer number (when required per the contractual agreement)

Storage Requirements: The following conditions are recommended for the proper
storage of KGD. The KGD supplier shall identify any deviations to these conditions and
the reason for deviation from the following storage conditions:

3.9.1 Materials: ESD Protective

3.9.2 Storage in Cabinets:

2.1 Atmosphere: Inert gas (nitrogen) or dry air

2.2 Temperature range: 65 to 75°F

2.3 Humidity range: <30%

2.4 Particle count: Class 1000 per FED-STD-209

3.9.3 Sealed in a vacuum or container (not cabinets): Inert atmosphere

3.9.
3.9.
3.9.
3.9.




4. Additional Information

The KGD supplier may provide, as negotiated, the following data, if available, for information
purposes. No warranty is required as to suitability or applicability of these data in the user
application. Nondisclosure agreements may be required prior to release of some information.

Suggested die attach material and properties

Suggested bond wire size and down bonds (pad number and electrical potential)

Suggested bonding method (e.g., thermocompression, thermosonic, ultrasonic, eic.)

Descriptions of any other unique materials or exposed surfaces that may require special

protection during assembly

Suggested limitations on handling methods, or die attach pressures

Suggested wire bonding sequence, quantity of bond wires on power and ground pins,

and stitch-bond (connection) requirements between ground pins

Suggested lid sealing material and sealing procedure

Packaged component ESD sensitivity

Environmental conditions necessary to ensure long term die reliability (e.g., special

sealing atmosphere)

4.10 Die power dissipation data or models as a function of frequency, junction temperature,
loading and location on die surface.

4.11 Electrical test fault coverage and grader used, as well as test patterns in WAVES
(Waveform and Vector Exchange Specification, IEEE 1029.1) format or equivalent

4.12 Die driver and I/O buffer models and data in Berkeley SPICE or equivalent

4.13 Die structural or behavioral models and data in VHSIC Hardware Descriptive Language
(Ref IEEE 1076-1987) or equivalent

4.14 Identification of parameters actually tested versus guaranteed by other means (e.g.,
characterization, correlation, inference)

4.15 Maximum recommended allowable peak die assembly process temperature/times

4.16 T; to T Die Backside Relationship

4.17 dimensional data (for features of top metals and glassification mask layers) in GDS

Stream II Format®
.18 Backside surface roughness
.19 Environmental conditions and storage duration prior to shipment

BER B ARSS
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.21 Unusual die material properties (e.g., SiC backside coatings)

.22 Moisture resistance data (for nonhermetic applications) based upon accelerated stress
studies (e.g., 85% RH-85°C, Highly Accelerated Stress Testing, Autoclave, etc.) of
existing nonhermetic packaged product.

4.23 Alpha Particle Die Coat. Recommended die coat material, thickness, and application

process as required.

5 GDS Stream I is a Trademark of Valid Logic Systems, Inc.
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STANDARD FOR FLIP CHIP KNOWN-GOOD DIE (FC-KGD)

Addendum to Standard For Known Good Die
BUMPED DIE!

Preface

This standard was created to facilitate the procurement and use of high reliability
semiconductor microcircuits or discrete devices provided in flip attachment die format,
commonly known as “Flip Chip Known Good Die” (FC-KGD).

This document provides requirements and guidance to suppliers in regard to the high levels
of as-delivered performance, quality and long term reliability expected of flip chip
known good die. It also reflects the special needs of FC-KGD product customers in
terms of design and application data. This document is applicable to FC-KGD
products used in both commercial and military applications.

This standard also reflects an understanding on the part of FC-KGD users that quality and
reliability cannot always be guaranteed or assured in the same fashion as for
conventionally packaged microcircuits. FC-KGD customers take on a significant
responsibility for the proper application and long term environmental protection of this
type of product. The extent to which FC-KGD suppliers shall warrant die product is
highly dependent upon customer capability and adherence to strict quality controls.
Cooperation between suppliers and users is essential.

1. Scope

1.1 This standard provides guidelines and requirements for known-good semiconductor die
(FC-KGD) used in other than conventionally packaged microcircuit formats. The die
described herein are intended to be high quality, reliable bare dice prepared for flip chip
attachment, for use in a variety of user-defined applications (e.g., multichip modules,
hybrid circuits, memory cards, etc.) While this standard allows negotiation between
supplier and user to establish specific requirements for performance, quality and
reliability, it is important to recognize, in the case of military and aerospace applications,
the minimum requirements described in relevant military specifications.

1.2 This standard is limited to FC-KGD consisting of a single microcircuit , electrically
connected using “bumped” contact technology. The data described and conditions of sale
outlined below are intended to cover all varieties of bumping technologies, regardless of
metallurgy or physical configuration. Per requirements mutually agreed upon by FC-
KGD supplier and user, the FC-KGD supplier shall implement and demonstrate testing
and screening required to assure this performance.

1.3 Unlike wirebonded KGD, FC-KGD may not have widely distributed packaged
equivalent parts. As such, supplier and user must work closely to ensure die quality
assurance methodologies will meet both parties expectations and needs. This standard
deals only with FC-KGD supplied in individual die form, for which the user accepts

1 A decision was made at the 2 March KGD Task Force Meeting to create a separate stand-
alone standard for Bumped KGD corresponding to the JEDEC Wirebonded KGD Standard being
balloted 4/93. As this document is as yet unavailable to SEMATECH, this document only
highlights changes which will be made to the Wirebonded Standard in order to create the final
Bumped KGD stand-alone standard. Major changes to the original Bumped Die Addendum
discussed at the 2 March meeting are in boldface.
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responsibility for providing and assuring final environmental protection (e.g., hermetic
sealing).

2. Reference Documents
2.1 Military and Federal Standards!

FED-STD-209 Clean Room and Workstation Requirements, Controlled Environments
MIL-STD-883 Microelectronics, Test Methods and Procedures
MIL-S-19500 General Specification for Semiconductor Devices
MIL-M-38510 General Specification for Microcircuits
MIL-H-38534 General Specification for Hybrid Microcircuits
MIL-I-38535 General Specification for Integrated Circuits Manufacturing

2.2 Institute of Electrical and Electronic Engineers Standards?
IEEE 1029.1 Waveform and Vector Exchange Specification
IEEE 1076-1987 VHSIC Hardware Description Language
IEEE/ANSI 1149.1-1990 Standard Test Access Port and Boundary-Scan Architecture

2.3 Electronics Industry Association - Joint Electron Device Engineering Council Standards3
JC 19C General Standard for Statistical Process Controls

2.4 American National Standards Institute Documents*
ANSI Y14 .5 Dimensional Standards

2.5 International Standards*
1SO 9000 Series Quality Management Standard

2.6 Other Reference Documents
Relevant FC-KGD Supplier Data Book/Sheet or Specification

2.7 Order of Precedence (microcircuits): In the case of conflict between/among applicable
specifications, the following order of precedence shall apply for microcircuits:

2.7.1 Purchase order of other contractual documents

2.7.2 Detailed Specifications

2.7.3 Other mutually agreed documents

2.7.4 This Standard

2.8 Order of Precedence (discrete devices): In the case of conflict between/among applicable
specifications, the following order of precedence shall apply for discrete devices:
2.8.1 JAN C die manufactured and tested per MIL-S-19550, Appendix H

1 Available from: Naval Publications and Forms Center, 5801 Tabor Avenue,
Philadelphia, PA 19120.

2 Available from: Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O.
Box 1331, Piscataway, NJ 08855-1331.

’ 3 Available from: Electronics Industry Assn, 2001 Eye Street NW, Washington, D.C.

10018 4 Available from: American National Standards Institute, 1430 Broadway, New York, NY
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2.8.2 Die manufactured and tested by best commercial practices
2.8.3 Die manufactured and tested per MIL-STD-883, Test Method 5008
2.8.4 This Standard

{ 3. Requirements

3.1 Overview: In addition the information provided for the equivalent standard packaged die,

3.2

33

FC-KGD suppliers shall provide data as required in sections 3.2 to 3.9. For military and
aerospace applications, requirements per the appropriate military specifications and
requirements per section 3 shall be adhered to.

General Data: The following general data shall be provided for each FC-KGD product
type.

3.2.1 Part Numbering: Each FC-KGD supplier shall establish a specific part
numbering system which differentiates its FC-KGD products from each other,
from other bare die product and from conventionally packaged equivalents.

3.2.2 Sample Die: Four types of sample die may be required by FC-KGD users.
Availability of these sample types and the quantities to be provided shall be
negotiated as part of appropriate contractual agreements. These types include:
3.2.2.1 Conventionally packaged equivalents for system prototyping. Packaged
equivalents of FC-KGD may not be available in all cases. Suppliers and
users may negotiate a mutually agreeable approach for providing
prototyping samples for FC-KGD applications.

3.2.2.2 Mechanical samples of identical physical layout, orientation and pad
metallurgy to the final FC-KGD and clearly identified as “reject.”

3.2.2.3 Prototype (proof of design) samples that are electrically functional and
from a product representative of the FC-KGD to be sold to a particular
customer.

3.2.2.4 Acceptance samples which are representative of the updated version of a
FC-KGD type which is about to be released with design or
manufacturing changes. These samples are intended to afford existing
customers of this FC-KGD type an opportunity to evaluate the impact of
these changes upon their specific application.

Design Data: Design data specifically required for the application of KGD shall be
provided. Mechanical data shall be provided in a format mutually agreed upon by KGD
Supplier and user. The data to be provided are:

3.3.1 Individual FC-KGD dimensions (x,y, thickness, bump dimensions, bump-to-
bump centerline/location) with tolerances and units of measure referenced to die
center line or other feature. (ANSI Std Y14.5 is the preferred format.)
Minimum die horizontal geometries (feature sizes).

Bump map identifying bump function (i.e., electrical contact, mechanical
stabilization, heat conduction, etc.) and electrical pinout list, including electrical
potential and pin number one identification with appropriate test designator.
3.3.4 Identification of any connections which must be jumpered or skipped (e.g., test

W
w
W

pads).
3.3.5 Type and thickness of backside surface material and surface finish (e.g.,
po! or lapped).

3.3.6 Maximum and minimum allowable die junction operating temperature.
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3.3.7
3.3.8
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33.12
3.3.13

33.14
3.3.15

3.3.16
3.3.17

Known physical process limitations (e.g., temperature sensitivity, pressure
sensitivity, uv light sensitivity, etc.).

Other conditions that affect die function, such as critical thermal environments,
or additional materials or components normally connected to or used within the
packaged part .

Final die passivation (top protective layer) material and minimum thickness.
Bump metal composition, bump volume, and bump height with dimensions and
tolerances and uniformity

Electrical potential of die bottom surface (e.g., floating, V¢¢ ground), maximum
bias voltage or current.

In high power applications, minimum current carrying requirement for the user
substrate.

Guaranteed die edge smoothness and smoothness tolerance. Specify die edge
perpendicularity, parallelism and taper.

Minimum distance from the most peripheral bump to edge of a diced FC-KGD.
Physical requirements for mating substrate pads (e.g., heat flow capability, or
pull strength).

Identification of polyimide dielectrics or other materials sensitive to plasma
cleaning or bonding conditions and thus affect the attachment process.
Identification of the presence of any postdie manufacturing coatings intended to
protect die in shipment, along with the processes/chemicals required to assure
good connections..

Die Electrical Test Data: FC-KGD suppliers shall provide, if applicable, and as
negotiated in contractual agreements, the following specialized electrical test data for
each KGD. Nondisclosure agreements may be required prior to release of some of these

data.
3.4.1

3.4.2

343
344

Designed-in testability features (e.g., redundancy, control fuses, error
correction, ad hoc, structured, boundary scan, built-in self test, etc.) with a full
description and explanation of each.

Device BSDL (Boundary-Scan Description Language) model in cases where
IEEE 1149.1 boundary-scan is implemented (ref. IEEE/ANSI 1149.1-1990).
Any other product specific information relevant to electrical testing.

Exceptions to supplier packaged die or KGD data book.

Quality Assurance Provisions: Under the terms of appropriate contractual agreements,
FC-KGD suppliers shall be prepared to demonstrate, with data or other certification, one
or more of the quality provisions described below. Nondisclosure agreements may be
required prior to release of some date. Visual or mechanical requirements shail be in
accordance with best commercial practice.
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3.5.8

MIL-1-38535 QML certification or equivalent

Compliance with MIL-STD-883

Compliance with ISO 9000

National Electronic Component Quality (NECQ) Audit

Compliance with JEDEC JC 19C

FC-KGD supplier specific internal quality control methods, including those
specific to die bumps.

Outgoing die product DPM (Defects Per Million) due to all causes. (e.g.,
electrical reference to data sheet, visual, mechanical, missing/low volume
bumps). Definitions of bump rejection criteria (i.e., reject vs. cosmetic defect)
shall be provided.

100% electrically tested to supplier and user agreed upon specifications.
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3.6

3.7

3.8

Reliability Provisions: Under the terms of appropriate contractual agreements, suppliers
shall demonstrate adherence to the agreed upon reliability levels with data, test and
screens or other appropriate methods. One or more of the following reliability provisions
shall be utilized. Nondisclosure agreements may be required prior to release of some

ta.

3.6.1 "Infant mortality" data or PDA (percent defective allowed) for burned-in die

3.6.2  Supplier life test data based on comparable packaged parts expressed as Failures
In Time (FIT) rates

3.6.3 Projected long-term failure rates

3.6.4 Historical fabrication process yield data

3.6.5 Other company proprietary approaches (e.g., statistical process controls, in
line/end of line monitors, tests and screens, bump reliability testing/failure
modeling, etc.)

3.6.6 100% stress testing (e.g. burn-in; baking; temperature cycling) as agreed by
supplier-user specification.

Change Notification: FC-KGD suppliers shall provide notification of changes as

specified below. For die defined as compliant to MIL-STD-883, MIL-S-19500, MIL-H-
38534, MIL-1-38535, or any other appropriate military documents change notification
shall be in accordance with the requirements defined therein.

3.7.1 Immediate Notification: Degradation in die quality or reliability or unanticipated
changes in quality assurance previsions for as-delivered product.
3.7.2 Minimum 3 Months Advanced Notice:

3.7.2.1 Changes to die size, thickness, glassivation, bond pad opening or
metallization.

3.7.2.2 Changes to the die electrical data

3.7.2.3 Changes to mechanical handling requirements

3.7.2.4 Changes to requirements for transportation protection, shipping and
storage

3.7.2.5 Antcipated changes in die reliability, quality or quality assurance
provisions

3.7.2.6 Changes to contact bump location, composition, hardness(as required),
height, and uniformity (as requn‘ed)

3.7.3 Minimum 6 Months Advanced Notice: Discontinuation of die type

tlfal;:klng and Shipping: FC-KGD suppliers shall pack and ship FC-KGD product as
ollows:

3.8.1 Die shall be packed and shipped in a method suitable to ensure protection from
mechanical damage (including mechanical and chemical integrity of bumps),
electrostatic discharge, and contamination while allowing recovery of die. This
requirements extends to shipment of bumped die in special individual carriers,
and to the protection of carrier electrical contacts. Special packing and shipping
considerations may be included in contractual agreements.

3.8.2 The FC-KGD supplier shall provide a method for coding and maintaining
traceability for each die to its wafer lot, and shall maintain traceability data for a
minimum period of 5 years, or as required by the procurement document. The
fC-KGD user accepts responsibility for maintaining die traceability to the wafer

ot.




3.8.3 Asa minimum, each shipment of FC-KGD shall include the following
information:

Generic die type and revision number

Name of the supplier

Supplier wafer lot number

Any other coding necessary to link FC-KGD to proper corresponding

documentation.

Guaranteed speed grade of the FC-KGD (when specified)

Quantity of FC-KGD in the shipment

Product specific information (e.g., ESD, sensitivity to light,

atmosphere required upon opening, etc.)

Shipping date

Wafer number (when required per the contractual agreement)

0 Die coatings applied for protection in shipment

&
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‘ 3.9 Storage Requirements: The following conditions are recommended for the proper
storage of FC-KGD. The FC-KGD supplier shall identify any deviations to these
conditions and the reason for deviation from the following storage conditions:

3.9.1 Materials: ESD Protective
3.9.2 Storage in Cabinets:
3.9.2.1 Awmmosphere: Inert gas (nitrogen) or dry air
3.9.2.2 Temperature range: 65 to 75°F
3.9.2.3 Humidity range: <30%
3.9.2.4 Particle count: Class 1000 per FED-STD-209
3.9.3 Sealed in a vacuum or inert atmosphere

4. Additional Information

The FC-KGD supplier may provide, as negotiated, the following data, if available, for information
purposes. No warranty is required as to suitability or applicability of these data in the user
application. Nondisclosure agreements may be required prior to release of some information.

4.1 Suggested die attach material and properties

4.2 S\;gg;sted substrate pad size, thickness, and composition wvith dimensions and
to Cces

4.3 Recommended bumped die attach process including heating process (e.g. hot bar,
fumace, infrared, laser) and compatible chemical/materials.

4.4 Descriptions of any other unique materials or exposed surfaces that may require special
protection during assembly

4.5 Suggested limitations on handling methods, or die attach pressures

4.6 Suggested lid sealing material and sealing procedure

4.7 Packaged component ESD sensitivity

4.8 Environmental conditions necessary to ensure long term die reliability (e.g., special
sealing atmosphere)

4.9 Die power dissipation data or models as a function of frequency, junction temperature,
loading and location on die surface.

4.10 Electrical test fault coverage and grader used, as well as test patterns in WAVES
(Waveform and Vector Exchange Specification, IEEE 1029.1) format or equivalent

4.11 Die driver and I/O buffer models and data in Berkeley SPICE or equivalent

4.12 Die structural or behavioral models and data in VHSIC Hardware Descriptive Language
(Ref. IEEE 1076-1987) or equivalent

4.13 Identification of parameters actually tested versus guaranteed by other means (e.g.,
characterization, correlation, inference)
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14 Maximum recommended allowable peak die assembly process temperature/times

15 T;j to T Die Backside Relationship

16 Dimensional data (for features ~ top metals and glassivation mask layers) in GDS
Stream II Format’

17 Backside surface roughness

18 Environmental conditions and storage duration prior to shipment

19 Saw kerf shape

20 Unusual die material properties (e.g., SiC backside coatings)

21 Moisture resistance data (for nonhermetic applications) based upon accelerated stress
studies (e.g., 85% RH-85°C, Highly Accelerated Stress Testing, Autoclave, etc.) of
existing nonhermetic packaged product.

4.22 Recommended alpha particle die coat material, thickness, and application process as

uired

req .
4.23 Recommended bumped die removal/rework process including compatible
chemicals/materials.
4.24 Recommended re-use criteria/process (e.g., bump reflow) for reworked die prior to
subsequent reattach.
4.25 bRecommeznded materials, conditions and preparation for substrate bumps mating to die
umps.

4.
4.
4.
4.
4.
4.
4.
4.

3 GDS Stream 11 is a Trademark of Valid Logic Systems, Inc.
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- DRAFT 2.0, 9 Apr 93 -

STANDARD FOR PROVIDING/USING
KNOWN-GOOD DIE

Addendum For
TAPE AUTOMATED BONDED DIE!

Preface

0.1 This addendum supplements the JEDEC Standard for Providing/Using Known Good Die
(Wirebonded) through the identification of special considerations relevant to Tape
Automated Bonded Known-Good Die. While these die will be physically and electrically
connected differently than "bare” die, they are otherwise the same high reliability
semiconductor microcircuits as described the wirebonded standard.

0.2 This addendum identifies only the additions or modifications to elements of the
wirebonded standard which are effected by TABed die. Unless specifically stated, the
requirements and conditions of the basic wirebonded die standard remain in force.

Scope

1.1 This standard covers KGD delivered in Tape Automated Bonding interconnect format.
Bare die which are purchased for processing into TAB interconnection format arc not
covered under this specification. This standard identifies all data requirements and
conditions of sale which might apply to any variety of TABed KGD, regardless of size or
contact technology.

Reference Documents:

2.3 Electronics Industry Association - Joint Electron Device Engineering Council Sta: lards?

JC11.4-UO-018 Tape Automated Bonding (TAB) Packaging Family Qutline

2.6 Otler Reference Documents
Supplier Bumped Die Data Sheets/Books

Requirements

1 A decision wits made at the 2 March KGD Task Force Meeting to create a separate stand-

alone standard for TABed KGD corresponding to the JEDEC Wirebonded KGD Standard being
balloted 4/93. As this document is as yet unavailable to SEMATECH, this document only

ghlights the changes which will be made to the Wirebonded Standard in order to create the final
TABed KGD stand-alone standard. Major changes to the original TABed die Addendum discussed
at the 2 March meeting are in boldface.

§ Available from: Electronics Industry Assn, 2001 Eye Street NW, Washington, D.C.
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3.5

3.6

3.7

3.8

General Data:
3.2.2 Sample Die:
3.2.2.1 TAB interconnected die may not be available in packaged form in all
cases. Suppliers and users may negotiate a mutually agreeable approach
to providing sample die for prototyping a TABed die application.

Design Data: In some cases, non-disclosure and/or licensing agreements may be required
prior to release of relevant mechanical design data as described in this section.

3.3.3 TAB frame map showing tab frame dimensions and identifying electrical
potential, pin identification or test designator. Reference to corresponding
standard TAB outline shall be provided if appropriate. (Ref JC11.4-UO-018,
TAB Packaging Family Outline)

3.3.15 In order to facilitate use of optical pattern recognition equipment, TAB part map
with alignment or registration marks identified.

3.3.17 In order to facilitate tab leadframe attach, identification of polyimide dielectrics or
other materials sensitive to plasma etch cleaning or bonding pressures.

3.3.18 In order to facilitate proper TAB usage, identification of the presence of any post
manufacturing surface coatings intended to protect TAB leads in shipment shall
be identified, along with the process/chemicals for removal of these coatings.

Quality Assurance Provisions:

3.5.6 KGD supplier specific internal quality controls on TAB components including
specialized process controls or inspection systems. These controls may include
glost-manufacmring die coatings and/or packing containers intended to preserve

ie quality.

3.5.7 For TABed die, defects contributing to DPM calculations include failures due to
improper mechanical contacts between die and TAB frame (e.g. missing/broken
TAB leads, or improper leadframe contacts). Definitions of criteria identifying a
reject vs. cosmetic defect shall be provided.

Reliability Provisions:

3.6.5 For TABed die, Company proprietary reliability provisions must include those
relevant to TAB interconnection and may include TAB lead reliability testing or
TAB interconnection failure modeling.

Change Notification:

3.7.2 Minimum Three Months Advanced Notice:
3.7.2.1 Changes of TAB outline or location/configuration of TAB leads.

Packing and Shipping:

3.8.1 Packing and shipping methodologies shall also ensure mechanical and chemical
protection of TAB leads, thus assuring proper TAB bonding. This protection
includes consideration of tape reels or other containers in which TABed die may

be shipped.

Additional Information
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The KGD supplier may provide, as negotiated, the following data, if available, for information
purposes. No warranty is required as to suitability or applicability of these data in the user’s
application. Non-disclosure agreements may be required prior to release of some information.

4.3 Recommended TAB excise method and attach process including bonding parameters
(e.g. thermosonic bonding, laser, etc.) compatible chemicals/materials.

4.18 Recommended TAB removal/rework sequence process including compatible
chemicals/materials. Recommended re-use criteria/process for TAB contact reprocessing
prior to subsequent reattach.

4.19 Recommend materials, conditions and preparation for substrate bumps to which TABed
die are to be attached.
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