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Infrastructure for Known Good Die (KGD)
Phase I 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,2 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, bum-in, pack and ship or inspection equipment made
presentations about their KGD approach.

This report is divided into four wctions 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 bum-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 bum-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 bum-in service.

Since the original survey, we have identified eight additional methods being developed for test and bum-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 mI 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 MetWh Materials and Equipment Necessary to Prepare and Ship Semi-
conductor Devices as Fully Warranted Bare Die Product.2 This document is contained in its entirety in Section
Ill, 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

2

'Stanfard for Known Good Die (KGD), submitted to JEDEC by MCC/Sematech task team in September, 1992.
2Referred to 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 Asessed Readinss Contact
being proposed in industry for single die test and bum-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 In production Soft connect
contained in Section IMI of this report. Elmo Semi. 147 In production Soft connect

Fresh Quest 165 Alpha Test Temp contact
"150 Alpha Test Soft connect

Table 1: Technical Assessment Overview Hughes TRB 141 In development Minimal Pkg

Comlany Survey Desc Flow TAG IBM (R3) 163 In production Soft connect
Rec'd Prov'd Desc. Scored IBM (dendrites) 165 In development Temp contact

3M 6e Micron Softool 144 In production Soft connect
Acsist Associate Inc. V V V be Micron KGD+ 171 Alpha Test Temp contact
Aehr Test Systems V V V V MCC 163 In development Temp contact
Amp, Inc. W- MCNC 162 In development Soft connect

C aionaContacts V V/ V Norhein 144 In development Minimal Pkg
hip Supply V V V V Telecom

Technology Corp. eve Packard Hughes 169 In development Temp contact
Semi Corp. V, V V bV Plastronics 153 Alpha Test Temp contact

FehQuest Corporation V V' V VO Qualhi 170 In development Temp contact
Hghes; Aircrft Co. (TRB) se V' we wug1, Sandia 161 In development Temp contact
BM(R3) V V, V' V
M (dendrites) V V V V TI/MMS 173 Alpha Test Temp contact

Micro SMT V b V , Tribotech 171 In development Temp contact

Micron Semi (Softool) V Ve V V Yamaichi 173 In development Temp contact
•cron Semi (KGD•~) V V/ V V/

MCC Sm V V V ' To begin the assessment, a survey of industry
MCNC v' vp - V ' identified companies that were developing technology for
ModularA V - test and bum-in of bare (or minimally packaged) die.
noP Automation V Table I lists the companies that responded to the survey.

-o - The survey was sent to domestic suppliers only. A non-
itro Denko America V proprietary description of technologies was developed for

Northern Teleom v V- - the companies indicated, including a process flow - how
Hughes V V V V to assemble and disassemble die for test and bum-in, and

arcs V' V 0 how each technology fared in a comparison with the

/ V V V Technology Assessment Guidelines (TAG). The full
cro Module Systems V V V V descriptions of the various selected technologies assessed

Labs V V V are contained in subsection 6.0 of this report.
tanford University V Table 2 summarizes the technical assessment for
essera Associates Vb e V V three important parameters for the technologies under
nbotech V e V V development. The Assessed TAG Score was derived from
amaichi V V V Revision 2.5 of the KGD Technology Assessment Guide-



lines developed by the task group. The TAG subcommit- The KGD cost model encompasses the entire KGD
tee of the task group assigned weights to each "rule" in process, rather than isolated steps, using current industry
the guidelines and the MCC technical staff judged accepted methods for test and bum-in. In developing the
whether the proposed technology could meet the guide- model, inputs were received fron Seratech (wafer fab cost
line. If it was judged capable, the assigned weight was models, test inputs), Itd (burn-in cost model), Motorola
added to the score. The combined total is the Assessed (bum-in and test inputs), and IBM (process flow definition,
TAG Score. Meeting all TAG rules, including test and cost model verification). Outputs are expressed as cost ratios
burn-in parameters, accommodation of peripheral and of an equivalent conventionally packaged die.
array pads, bumped die as well as bare Al pads, earns a Several generic device types that capture a wide range of
score of 175. key technology requirements were used to evaluate the cost

The readiness was determined through conversations, impact of different KGD technologies in the modeling effort.
visits and, in some cases, nondisclosure agreements with (See Table 3). Plastic and ceramic packaging for these die
suppliers. Only four technologies are in production today; types were assumed in forming a comparative cost analysis
the IBM R3 approach, which has been fully qualified between bare and packaged KGD.
through the "box" level by IBM, two temporary The above IC variations were combined in the model
wirebond methods, Micron Softool and Elmo Semicon- with other inputs relevant in the KGD process and key cost
ductor rerouted pad and wirebond approach, and Chip factors were identified. The key influence in this model is the
Supply SofTab, each of which has been qualified through package type to which KGD is being compared The relative
some level of production. cost of KGD increases by up to a factor of 2 if it is compared

Temporary contact probing is the dominant technol- to plastic rather than ceramic packaged parts. The key factors
ogy being pursued, and is the most capable of meeting the beyond package type, their cost impact and the necessary
TAG rules. However, the problems associated with responses for achieving KGD economies are as follows:
penetration of native oxides, probe to probe compliance • Number of carrier uses: High Cost Impact: Need
and alignment have not been solved and there is not a carrier life of 100-1000 cycles with greater lifetime (up to the
consensus single best technology for making temporary 1000 cycle limit) reducing cost. Cost impact of caner
probe contact to aluminum pads on bare die today. lifetime decreases rapidly with higher number of cycles.

• Complexity of IC: High Cost Impact Assembly cost
Cost Modeling Results for conventional packages is much more dependent on pin

A Monte Carlo simulation model was developed for count than KGD.

examining the cost of KGD relati; e to packaged parts, * Recurning Cost of Carier and Interconnect: Medium
focussing on highlighting the donmant cost drivers. Cost of Cost Impct: Reduces material costs.
KGD and packaged devices which go through test and bum- - Burn-in Hours: Medium Cost Impact Shorter bur-in
in are studied in the modeling effort by varying these key cycles mean more uses for a given interconnect thermal life.
drivers and examining their sensitivities. • Time for Assembly/Disassembly: Medium Cost

The model is capable of manipulating IC fab parameters Impact Shorter die load/unload times from carier reduce
(e.g, defect density, sort coverage, etc.), as well as packaging, labor costs and amortize cost of automation more rapidly.
test and burn-in cots. The phase I approach has focused on * Equipment Costs: Low Cost Impact: Less expensive
simulation modeling because the KGD technologies are not equipment reduces capitalization costs. 4

yet matumr enough to proceed with a reliable cost of owner-shrip type analysis. The emphasis of the cost study was to determine which
factors had the greatest impact (and therefore demand the

Table 3. Generic Die Type greatest future attention) when tying to aclieve cost savings
TableC3.De Type Se I with KGD appoches. Further work is needed to validateom size v

I ASIC 15 mm on ech side 400110 the current model and develop the system specification for
Im oe _ side 40O extensions to make this a useful tool for industrial users

2 CPU 10 mm on each side 2001/0 interested in evaluating specific cases. Tmese specifications
3 P 7.2 x 5.9mm 741/0 will be available to our phase HI efforts and allow the model to
4 1 DRAM 6.2 x 2.9 mm - 381/0 be inserted into the MCC MSDA tooL
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2.0 KGD Assurance Technology

Advances in reducing size and increasing functional- Table 4. Board Yield
ity of electronics have been due primarily to the shrinking Probability Board Yield Board Yield Board Yield
geometries and increasing parametrics of silicon. Re- of KGD (10 ICs) (20 ICs) (40 ICs)
cently, development efforts aimed at reducing size and 99.9% 99% 98% 96%
increasing functionality have focused on the first level of 99% 90% 82% 67%
the electronic package. The result has been the develop- 95% 60% 36% 13%
ment of multichip modules (MCMs), a technology in
which bare silicon chips are mounted on a single high 80% 11% 1% 0%
density substrate that serves to "package" the chips, as 80% 11% 1% 0%
well as interconnect them. A number of benefits accrue 50% 0% 0% 0%

because of MCM packaging, namely, increased chip Table 4: Selected values of board (or module) yield when
density, space savings, greater performance, and less assembled with differing probability of KGD. As this chart
weight. Therefore, MCMs are an attractive new technol- show, board yield varies exponentially depending on die yield.
ogy for today's light weight, portable, high performance traditionally packaged chips, although this can at times be
electronic equipment and devices. a costly process. The resulting high quality, high reliabil-

In spite of these benefits, the MCM market has not ity devices allow board-level products to be assembled
shown the kind of explosive growth and expansion that with a high probability of success. Any board-level
was predicted'. A major inhibitor is the availability of product failure will most likely not be due to component
fully tested and burned-in bare die, or"known good die." failure.

Test and burn-in of bare (or minimally packaged) die 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. The IC industry cur- Yb = 100(Pn
rently does an excellent job of testing and burning-in Yb is the predicted board yield, PJis the

probability that an IC is good, and nis the
number of ICs. Packaged ICs can approach

u 99.999% probability (considered to be
known good) of performing correctly for

______some specified time in the final application.
This probability index means that less than
10 parts out of one million will fail to

40 perform their function c,,rrectly throughout
a minimum guaranteed lifetime. The ability

20 to fully test at-speed and over-temperature
and to eliminate weak components with
burn-in is not generally available or cost-

0 20 40 so so IN effective for bare die. This significantly
Fr, Tea r-* Corag lowers the probability that a device will

c perform as specified over its expected
Figure 1: Probable MCM Defect Levels (probability of shipping lifetime. Table 4 shows the effect of lower
delwcive module) vs. MCM Fault Coverage for Differing MCM KGD probability on the assembled MCM.

Formula- DL = l-Y-,i(IK) Even with a 95% probability of KGD -
which is typical of wafer probe results for

Low bowd yield at final test (a function of incoming die quality, manufactur- v
ing defects, etc.) is very difficult to "test out" of the product, requiring close ery mature products - the resulting yield
to 100% fault coverage at the module level, of the assembled board is unacceptable for

I 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.
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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,
MCMs 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 bum-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, bum-in boards,
which offer the most immediate access to KGD, which bum-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 Sort CONNECnON APPROACHwS TO KGD and Reduced Radius Removal3 (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.) to a 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 test using TAB equipment, the tape frame is removed. Also licensed is Micron Softool.
Elbo 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 bum-in and test.

Micron Softool Temporary die attach and "soft" wire bonds are used to place the die into a standard package. After bum-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 bum-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.

4



2.2 TimpaLRv CONTAcr ApPmOACHFS To KGD

Overtravel force (-3gm) Temporary contact approaches contain microprobe
on probe needle sets built into carriers that are made to mimic standard

packages. The die is held in alignment to the probe set
with force to insure reliable electrical contact to the IC

IC bond pad bond pads. The main technical challenges with the
probes/contacts are compliance to nonplanar pads on the

' Probe Point die and penetration of the native aluninum oxide present
"scrubs' on the IC pads without causing damage which could
through oxide preclude the next assembly operation.

Figure 2. Overdrivng the ProbePad Penetration - A temporary contact approach
requires some form of "scrub" or penetration through the

Figure 2: Overuavel force on probe needle causes native oxide (typically on the order of 50 - 80 Aigstrons)
horizontal motion that "scrubs" through native oxide on on the Al pad of the IC. Traditional needle and blade type
aluminum IC bond pad. probe cards achieve oxide penetration by forcing the tip

of the probe to move laterally across the surface of the Al
sForie pad with a vertical force "overdriving" the probe. (See

Z-as F 9re t t Figure 2.) This form of penetration, termed "scrub,"may

Si chip be used effectively for peripheral bond pads on an IC.
Many KGD approaches currently being developed

-b p require some form of z-axis penetration in which the

1burnishing vertical on-axis force. (See Figures 3 and 4.).

This has been termed "z-axis scrub."

.Co,£mncim - Scrubbing actions on the bond pad
Corpliant Backing, require that some form of compliant member be available

Figure 3. Piercing through te Oxide Ly to equalize the force on each contact. For traditional
epoxy ring needle probe cards, the spring constant of the

Figure 3: Microfabricated probe set makes reliable contact needle provides compliance. For KGD carriers, especially
to the aluminum IC bond pad by piercing through the oxide those that rely on z-axis scrub to make reliable, low
layer on the surface of the pad. resistance contact, this problem is nontrivial. Since force

is applied on-axis through the probe structure, the compli-
Z-axls Fre ance must be built into the substrate on which the probe

s 01- o set is mounted - unless some form of compliant or
Si chip deformable probe contact capable of z-axis scrub is

UUMEMM ix available. This compliant substrate must be capable of
O Microfabricated probes providing two conflicting functions - the ability to

Al Bond pads with burnishing contacts transmit probe forces independently in the z-direction
A*while maintaining x- and y-direction positional accuracy.

In addition, the compliant members must be capable of
ai ýJ- k ---- maintaining these properties during burn-in temperature

excursions which may reach 150OC. Many KGD carrier
Figure 4. Deforming the Oxide Layer approaches use a form of membrane as the probe set

substrate. Thin films, laminates, organic, and inorganic
Figure 4: Microfabricated probe set makes reliable contact membranes have all been proposed as KGD carrier

to the aluminum IC bond pad by deforming the oxide layer on interconnect substrates. These membranes may be backed
the surface of the pad. by an elastomer to provide the compliancy required for

the probe set. Temporary contact KGD methods are
summarized in Table 6.
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Table 6. Temporary Contact Methods
Company Description

Acsist Assoc. Contact to die is made with a micro particle interconnect.
Aehr Test Nitno Denko's ASMAT polyimide film provides electrical 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 bum-in boards without the use of a carrier.
Fresh Quest QC2: A scrubbing probe technology 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 bum-in.

Micron semi A family of reusable, socketable, umversal carriers is used to provide known good die. Specific intormatlon is
KDG*' limited.
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.

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

Tribotech Either face-up or face-down versions of this carrier are available. A proprietary, non-scrubbing, fine point
piercing method As 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.
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2.3 MVMAL PACKAGE AYmoACsH TO KGD Table 7. Minimal Package Methods
These approaches take advantage of the fact that Company Description

some minimal packaging approaches enhances the Chip Supply Traditional TAB chip on rape is available.
capability to do test and bum-in. Ruggedized packages, HughesAirrf Testable Ribbon Bonding (TRB): Die are
wider pitch, and gold contacts can help solve many of the ribbon bonded into low-cost carriers for
problems with handling and contacting bare die. How- bum-in and test. After test, the ribbons are

ever, these approaches limit final assembly options. 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.

Northern Die are wire bonded into low-cost carriers
Telecom for bum-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 bum-in and test and then removed. The
die may then be flip chip array bonded
into its final application.

2.4 WAR-LEvEL BuRN-m Table 8. Wafer Level KGD Method,
During the survey phase of the project, we identified

suppliers working on wafer level KGD methods. We did y Description

not pursue these methods in this project. ElmTechnology 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
Compliant 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.
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3.0 Infrastructure for KGD Program

In January of 1993, MCC launched the Infrastructure purpose of that meeting was to discuss modifications/
for KGD program under the auspices of an ARPA ASEM additions to the Standard for Procurement and Use of
award, with Wright Laboratory acting as contract moni- Known-Good Die required to facilitate Bumped/TABed
tor. The objective of the program is to resolve the issues Die sales. The participants in that meeting were IBM,
for supplying and procuring Known Good Die (KGD) in Delco Electronics, Rockwell Intl., AT&T, and MCNC.
a way that fosters industry acceptance and confidence in The subcommittee decided to draw upon the Stan-
Application Specific Electronic Modules for military dard for Procurement and Use of Known-Good Die to
systems. Work done on this program will extend into and create a "core" document, followed by Wirebonded,
help lay the foundation for acceptance of multichip Bumped and TABed Addenda.
modules (MCMs) for commercial systems as well. This The following day, January 21, the full KGD task
report is the result of Phase I of the Consortia for KGD The at day, inusry Representaskcontact Fiure5 i anoutineof he ask whch ere group met at Sematech in Austin. Representatives of IC
contract. Figure 5 is an outline of the tasks which were suppliers, MCM fabricators and assemblers, government
done during this Phase I program. and industry spokespersons met to begin a systematic

Prior to this Phase I work, an MCC/Sematech led attach on the KGD problem. These representatives agreed
task group had developed the Standard for Procurement to form the task group which would guide the Phase I
and Use of Known-Good Die which was submitted to work.
JEDEC in October of 1992 for adoption as a standard. The meeting on January 21, 1993 represented the first
See Figure 5. One of the tasks for the Phase One effort of of six task group meetings; it began by identifying and
the current work was to extend the proposed standard to quantifying a series of performance metrics which define
include TAB and Flip.-chip die. known good die preparation processes.

Task Group Meetings The Task Group defined KGD Assurance

The program was officially begun with a meeting of Tedmologus as:
the Bumped/TABed subcommittee of the KGD Task The processes, materials; equipment, infonnatiom
Group on 20 January 1993 at Sematech in Austin. The etc., necessary to ensureperformance t, foatiyand

- - S _ reliability of a bare or minimally

Requirements of KGD MCC/SEMATECH packagedICSuplies ad ser fo I Guideline for I
Suppliers and Users for Procurement and Use a) meets the specifications of the
Methods of prducing of Known Good Die I Mannfacturers Data Book for

KGD. I(September 1992) 1 afcuesDt okOR
K - 2J level ofproduct required, OR

Sb) is as good as or better than an

Survey of m r Refine equivalent packaged device.
producing single die Compare methods with MCC(SEMATECH The Task Group then split into
KGD being used or requirements. Guideline to tWO subgroups to review the

indsn the TAB and Flp-chip KGD
indstry. "strawman" document Requirement

I•ISpecificationfor Methods, Materi-
als and Equipment Necessary to
Prepare and Ship Semiconductor

Modeling and down Validation of method(s) Devices as Fully Warranted Bare
selection of methods (Phase 11) Die Product. This document is4 1_ intended to be the tool which MCC

Figure S. KGD Task Flow Chart will use for KGD technology
I assessment'. The Task Group was

Thi document was la=er renamed the KGD Technology Assessment Guidelinesfor Methods, Materials and Equipment Necessary to Prepare
and SUp Semiconductor Devices as Fully Warranted Bare Die Product It is included in Section IMI of this report.

8



Table 9. KGD Meeting Summary

KGDMeetn 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

14-May-93 Task Group Technology Assessment Guidelines, 33 20
Phase II plans

TAB/Flip-chip addenda, Technology
29-Jul-93 Task Group Assessment Guidelines, Phase II 27 20

plans

12-Oct-93 Industry Review Technical Assessments, 51 33Phase II plans

split along the lines of die suppliers and die users. Each The supplier and user versions of the documents
group worked on the document independently, and were merged prior to the meeting and the task group
generated two separate documents based on the spent most of the day going through the document line
"strawinan" original, by line identifying areas of agreement. The resulting

The second and third KGD Task Group meetings merged document was renamed Technology Assessment

were held on March 2-3, 1993 at MCC in Austin, Texas. Guideline for Methods, Materials and Equipment
The purpose of the meeting held at MCC on 2 March Necessary to Prepare and Ship Semiconductor Devices

1993 was to review the subcommittee recommendations as Fully Warranted Bare Die Product., version 1.5.

for TAB and Flip-chip extensions to the MCC/Sematech The KGD Task Group next met on 13 April, 1993 at

Guideline for Procurement and Use of Known-Good Die. the Radisson Hotel in Denver, Colorado, to continue the
The meeting was attended by 20 persons representing 11 identificatior, and quantification of a series of perfor-

companies. mance metrics which define known good die preparation
The task group approved a decision to develop three processes. The goal of the meeting was to review the

separate KGD specifications, one for TAB devices, and Technology Assessment Guideline for Methods, Materi-
one for flip-chip devices in adition with the c anrdt als and Equipment Necessary to Prepa-e and Ship
wirebond document. Semiconductor Devices as Fully Warranted Bare Die

Product or simply Technology Assessment Guidelines
The meeting held at MCC on 3 March 1993 was to and get to Revision 2.0. which could be called a discus-

continue developing the KGD Assurance Technology sion draft, and which is nearing consensus.
Requirements Guidelines which had been initiated at the The main sections to be resolved at this meeting
21 January meeting (at Sematech) and further refined by included the Die Preparation, Assembly and Disassem-
subgroups during the month of February. The meeting bly section, the Test and Burn-in section and the Wafer
was attended by 39 persons representing 21 companies. Mount and Saw section.
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A decision was made to include as Appendices, involved with prepanng KGD.
sections which ask the Technology Suppliers to provide On 14 May, 1993, the KGD task group met at MCC
information about their technologies. This was seen as to review the supplier forum, add shipping guidelines to
aid to MCC (and potential customers) in assessing the the Technology Assessment Guideline for Methods,
technology. These sections include the Die Preparation, Materials and Equipment Necessary to Prepare and Ship
Assembly and Disassembly section and the Wafer Mount Semiconductor Devices as Fully Warranted Bare Die
and Saw section. Product and review the plans for Phase U1 of the program.

The Test and Burn-in section was extensively The requirements for shipping KGD were added and the
reviewed, and a decision was made to simplify the Technology Assessment Guidelines were upgraded to
sections by reducing the categories to only two catego- revision 2.5.
ries, low Y/O (<100) and high 1/0 (>100) devices. On 29 July, 1993 MCC held the sixth task group

The Task Group ageed that the Technology Assess- meeting at the DFW Airport Marriott in Dallas, Texas.
ment Guidelines had indeed reached Revision 2.0 and The purpose of the meeting was to review progress on all
could be used to begin the assessment phase of the deliverables for phase I of the project.
project.

The task group also discussed the May KGD Tech- TAB and Flip-Chi Addenda to the Procurement
nology Supplier Forum and asked that presenters at the Speiicaio
forum to address the following questions: The Standard for Procurement and Use of Known-

1) What is your suggested manufa process flow Good Die which was developed h- -he task group and
to produce KGD? submitted to JEDEC for standardi, ion was edited by

2) What is the availability of your technology? JEDEC 13 Task Group JC-13-92-04 as result of JEDEC

3) What is the cost per unit? (carrier/probe card cost) Survey Ballot JC- 13-92-191. The latest version of the
4) How many reuses do you project for the carrier? Standard for Flip-Chip Known Good Die was edited tomatch language of JEDEC Ballot version. This Flip-Chip

5) What is the lifetime and what is the time to refur- version, Working Version 1.0, 22 July, 1993, was re-
bish? viewed and the updated version will serve as the addenda

6) What is the cleaning process? to the JEDEC standard. It was submitted to the JC-13

The first industry-wide meeting of the program was committee in August 1993.
held on 13 May, 1993 in Austin. Representatives from The task group recommended turning over to the JC-
industry were invited to a KGD Technology Supplier 13 subcommittee on TAB, the Standard for Providing!
Forum, where 14 companies made preentations about Using Known-Good Die, Addendum for Tape Automated
their bare die test, burn-in, shipping and inspection Bonded Die, Draft 2.0,9 Apr 93. This was also done in
technologies. August 1993.

The Forum objective was to promote a dialog
between suppliers and users of the materials, components, Technology Assessment Guideline
and tools necessary for producing high quality, reliable, Rev 2.5 of the Technology Assessment Guidelines as
bare or minimally packaged integrated circuits (KGD). updated by the task group subcommittee after May 14
The forum agenda allowed the 14 Kp D technology update was reviewed; this latest rev 2.9 was presented to
supplier attendees to make a presentation of 25 m s the task group at the meeting.
and to participate in a panel discussion concerning the
technology available for preparing, inspecting or ship- A number of new assessment criteria were suggested
ping KGD. Each presenter was provided a copy of by the task group, including shock and/or vibration and
Revision 2.0 of Technology Assessment Guideline for time at bum-in temperature. The task group also sug-
Methods, Materials and Equipment Necessary to Prepare gested that definitions of test methods and specifying the
and Ship Semiconductor Devices as Fully Warranted conditions for evaluating the technologies are needed.
Bare Die Product prior to the meeting. This ensured that These latest updates, including test methods for all test
all presentations were focused on the technical issues rules, are included as revision 3.0 in Section TT f this

report

10



Phmse H Plan

The phase IT 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 H 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.

11



4.0 Assessment/Scoring Methodology

Sub section 6.0 of this section of the report contains Conceptual: These are ideas in the formative stages,
the descriptions of the 24 KGD approaches we assessed. with no prototypes or test data available.
The following paragraphs outline the methodology and In Development These KGD methods are currently
content of the descriptions. The information contained in being developed by a supplier, and prototypes are being
the assessments has been obtainied from published papers built and assembled at the supplier's site.
and from interviews with individuals representing the
supplier company. Each of these descriptions has been Alpha Testv These KoD methods have had cprow
prepared by MCC personnel, and has been verified for types develoeed and initial production units are currently
correctness and nonproprietary content by individuals at being ste.d and evaluated for use in providing KD at aeach of the supplier's facilities. user site.

In Production: These methods are being used to
deliver KGD or KGD assurance technology devices to

GENERAL I, AmnoN customers. The KGD technology must be fully devel-
Background information on the technology develop- oped and qualified for use to achieve this category.

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 Equinmeht status
the provisions for thermal management. Finally, a brief MCC personnel have attempted to describe the

synopsis of the vendor readiness to provide this technol- equipment required for end user processing of KGD using

ogy is provided. This section is intended to provide a the given technology. This usually involves assembly of
brief summary of the technology available for readers in a die into carriers and subsequent disassembly. Where
hurry, without interest in the details of the technology, 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

SD equipment.
This section is a textual description of the KGD

assurance technology, including the process methods Process status
required to use it. This description also contains a draw- S
ing or photograph intended to illustrate the technology Some of the KGD technologies presented involve
described wherever possible. This description has been processing steps at the wafer level. Where appropriate,
prepared by MCC personnel, and is intended to be non- this section discusses the developmental stage of these

proprietary, processes. This section also addresses the die to carrier
assembly/disassembly process status.

RFADES LEVE

Most of the KGD technologies we assessed are in the Capacity issues

development stage, and are changing. In order to accu- The KGD production capability is discussed in this

rately portray the state of readiness of each technology, section. Limitations in production capacity are indicated
we have provided information in five areas; a readiness here. 0

category, the equipment status, process status, capacity
issues, and qualification issues, are described in detail. Qualfato isues

This section discusses the work performed by the
Rednin Category supplier to date to test and qualify the KGD technology

We have established four categories for readiness, as for general production of KGD.

follows:
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AuGNMENT MEorHo

The alignment method pertains mainly to probe set ADVANTAGES
approaches. Mechanical aligument is a method of placing A list of advantages of the particular technology is
the die in the carrier by referencing the edges of the die, given. Features which meet the TAG requirements are
which implies they are always within some specified not listed as an advantage. If the majority of the suppliers
tolerance. The concern here is with the tolerance of are expected to have this advantage, it is also not listed.
typical IC manufacturers' sawing process'. Maual This list is compiled by MCC personnel.
oiatl ignmn= 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, DISADVANTAGES
typically by observing the movements through a micro- A list of disadvantages of the particular technology is
scope. Automatic otialalignment refers to the use of given. Features which do not meet TAG requirements are
an optical method of aligning the die bond pads with the discussed in NONCOMPUANcE wrm TECHNoLOGY AssEss-
carrier contacts involving a computer based vision system r~brr Gu•mJms. This list is compiled by MCC person-
and robotic actuators to position the die in reference to the nel.
carrier.

CONCERNS
CONTACT MECHANISM This section contains the concerns raised by MCC

There are several approaches to contacting the die personnel and others with regard to a particular technol-
bond pads presented by the KGD technology suppliers in ogy. These items typically include missing pieces of
this report, some of which are considered proprietary, important information, trade offs, and potential rather
Wherever permitted, we have indicated whether the than actual problems with the technology.
contact is made with a scrubbing (x, y action) or a
piercing or burnishing (z-only) action. Ec EN REUOtM

Each technology is dependent on some equipment for
KEY PFATURS processing. In some cases, this is standard equipment,

This contains a list of the key features of the technol- such as wire bonders and package handling equipment,
ogy, compiled by MCC personnel from information and in other cases, custom designed equipment is re-
provided by the suppliers. In many cases, features quired. MCC has attempted to provide as much informa-
indicated by the supplier were considered to be TAG tion as is possible about the equipment required; however,
requirements, and are not listed here specifically. details are often unknown or as yet undefined. An

example table is given:

NONCOMpLANCE wrrH TEcmoOtDGY ASSESSMENT
GuDEL• ES Item cost I roughput

This section contains a list of exceptions to the Assembler $100Kto$200K 20 die/hr
Technology Assessment Guidelines. The full TAG
worksheet for each approach is included with each .Qn' T DoN Fm AuTOmATED PROCESS

i, description. A description of the process equipment required in
order to have a fully automated assembly/disassembly of

PROCESS FLOW DESCRiPTON chip-to-carrier is given. Information from suppliers is
MCC personnel used available supplier information limited; therefore, these are largely derived from engi-

to describe the likely process flow for each known good neering knowledge by MCC personnel.
die technology. This is primarily the procedure for
assembling and dissassembling the die in the KGD
assurance technology devices.

'See Section IH, Appendix B for a discussion of wafer saw requirements for mechanical alignment.
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Table 10: Example of TAG Worksheet
TAG Requirements Guideline Meets TAG? Weight Score

Interconnect Rules

Planarity: Pad to pad height variation up to 1.Op.m 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 Where possible, a drawing and/or photo of the
comparison, with the criteria used to rate costs as low ($), technology is included. These diagrams are often con-
medium ($$) or high ($$$) for selected technologies. tained within the technical description or process flow

Table 11: Cost Comparison Chart sections, wherever appropriate.

Factor Comment Cost

No additionalprocessing F 4.2 TECFwowGY AESSmMEa Gu iEs
WaferProcessing Bumping required $$ WO EE

grequired The two-page TAG worksheet contains the "rules"

Parity w/plastic pkg possible $ from the KGD Technology Assessment Guidelines (Rev.
Materials cost per use Parity w/ceramic pkg possible $$ 2.5) in the form of a spreadsheet. The TAG Requirements

Parity w/any pkg unlikely $$$ column gives the "rule;" the Guideline column lists the

Simple approach, low cycle time $ tolerance or limits; the third column indicates whether or
Assembly and Higher cycle time than average $$ not the technology meets the guideline; the weight
Disassembly Very high cycle time and/or $$$ column contains the weight or priority of that feature on a

potential for damage to carrieror die scale of I to 3; the last column gives the score. The score

equals the value of the weight in cases where the TAG is
Cost information given by the supplier may also be met or zero in cases where it is not met.

listed.

Table 10 shows an example of the worksheet. This is
COMMEN7S for section 3.5, Die Interconnect Quality of the KGD

This section contains general comments from MCC Technology Assessment Guidelines. Each subsection is
personnel pertaining to the technology and/or its applica- summed and added to make the final TAG score. The
tion. line items in this worksheet and the "weight" of each was

defined by the KGD technology subcommittee, com-
Su R Bu s INFORMATON prised of representatives from throughout the electronics

industry. MCC personnel have assessed each technology
The supplier company name, address, phone, primary by line item, to determine if the technology meets each

business, number of employees, and 1992 sales or requirement
revenue are given if available.

It should be noted that the technologies were as-

CorrAcr(s) sessed against Rev. 2.5 of the TAG, while the version

The name, address if different from above, and given in Section M is Rev. 3.0. In order to complete the
telephone/fax numbers are given'for the individual(s) assessment during the time that revisions continued to be
primarily responsible for the KGD technology within the made to the TAG. It was necessary to fix the version at an
supplier company- earlier date.
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5.0 Cost Analysis

5.1 INTRODUcTION contact methodologies are expected to require no

The cost analysis efforts presented in this report additional wafer processing).

address general Known Good Die (KGD) cost issues * Uniform, domestic labor rates are used, except for
rather than specific camer+mterconnect technology conventional package assembly.

Sapproaches. Based on industry interest, the focus is on * Conventional package assembly costs are derived
temporary contact methodologies; however, ,he results from Messner [U].
are generally applicable to soft contact technologies as The complexity of the model requires a case study
well. The analyses were performed using a Monte Carlo approach (with key KGD independent variables fixed).
simulation in an MCC developed cost model. This The baseline case is a moderately sized die (0.42 cm2)
method provides an effective means of handling a large with a medium number of I/O (74). The product life is
number of variable, complex interactions and a high level assumed to be 2 years and bum-in time is set at 24 hours.
of uncertainty with respect to specific values. The results These two counteractive effects represent a rough corn-
are expressed as the cost ratio (KGD/Pkg) between bare promise between typical commercial and military appli-
die (KGD) and conventionally packaged die (Pkg). cations.

5.2 MNfmowoaryw Interconnect Tooling $/prod

The cost model siutnosyfollows a typical
process flow for KGD and its equivalent packaged 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 $5.000 $7.500 $15.000

following assumptions:

"* Total number of die fabricated is 500,000. Figure 6. Example of Input Distribution

"* Equipment, methodologies, and times for test and
burn-in are identical for conventional packaging and A number of factors influence the cost of KGD
KGD. relative to conventionally packaged parts. Most factors

"* Wafer fabrication costs are identical for conven- can be identified as either dependent or independent of
tional packaging and KGD (since use of temporary the specific KGD technology used. The value for each

factor is derived from one or more

Step Process Step Applies to: Key Inputs inputs, with the model containing
1 Wafer fabrication anc KGD & Pkg Die area, # of 1/0, over 100 inputs. Slightly less than

sort defectivity half are fixed at one value; the others
2A Assembly into a KGD See Appendix 1 are defined by ranges and distribu-

carrier tions. The variable inputs are
2B Assembly into a Pkg # of I/O, Messner's primarily related to KGD dependent

conventional ac formulas [1] factors and are listed and explained
3 Burn-in KGD & Pkg Bum-in time, BIB costs, in Appendix 1. An example input is

____________and operation parameter

4Final test KGD &_ g Cost per die given in Figure 6 above, where the5 Disassembly KGD See Appendix 1 range for interconnect tooling is setat $5s0 eto $15,000, with the most
Table 12. Process Flow and Key Inputs for KGOD likely value being $8,000. This input

and Pkg
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is one of the many used to calculate the factor "cost of
carrier+interconnect." Ceramic

Each Monte Carlo simulation includes a total of 1000 0 Plastic

runs. This captuaes the potential variability in the input A Plastic-optimized

ranges and accounts for the uncertainty in assigning
specific values. Each of the 1000 runs uses randomly 2"
selected values from the defined input distributions. The
output of a simulation is a population of possible results, .m

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 1 parity
represent 1 sigma limits.

5.3 RESULTS

Known Good Die costs are influenced by both KGD 0 .
technology dependent and independent variables (Table 0.5 1.0 1.5 2.0 2.5 3.0
13). In addition, relative cost is affected by changes in Die Complexity
the cost of• KGD or Pkg. One of the key influences Log (cmA2 * 1/0)

on package cost and therefore, the KGD/Pkg ratio, is the Figure 7. Die Complexity and Package

package type to which it is being compared. The relative Type vs KGD/Pkg

cost of KGD increases by up to a factor of 2 if it is
compared to plastic rather than ceramic parts (Figure 7). Die complexity has a significant effect on the relative
Many die suppliers are targeting parity with plastic parts; cost of KGD, because of increased cost of conventional
however, in some cases parity with ceramic is adequate 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 (cmA2 per die * 1/0 per complex is higher per-pin costs than 0.8 to 3.0 High Very high
die) better KGD.

Number of Uses per Number of C-+1 uses is the
Carrier+Interconnect More uses most critical factor when this 5 - 280 Very high Medium

(C+I Life) is better number is small (<100) uses
Product Life

(Effective life-time of Longer is Cost of C+I is amortized ove 0.5 to 2.5 Medium High
interconnect design) better a greater number of uses yrs

Cost of Carmier+Interconnect Lower cost $12 to
(C+I) is better Reduced material cost $260 Medium Medium

Bum-in Hours per Cycle Less time is Number of uses per 0+1 is 6 to 48
, better higher for a given thermal lif hrs Medium Medium

Cycle time per die Lower time 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 Very low LOw

Equipment Costs) is better I die

Table 13. Influence of Technology Factors on KGD/Pkg for a given packaging type
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than for KGD temporary contact carriers. This is because a-- KGD/Pkg, -179 mean uses
in conventional packaging, costs increase significantly 3.0 -- 0 KGD/Pkg, -20 mean uses
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 2.5
any) as the number of IVO is increased. An increase in die
size with the same pin count has very little effect on the 2.0
cost ratio. As die size increases, yield decreases for a
given defect density [21 resulting in increased scrap rates a 1.5
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 1.0.------------------- -- "
bum-in a die that cannot be sold).

Product life and burn-in time are both KGD technol- 0.5
ogy independent factors which have a very significant
effect on the cost of KGD. In some instances their effect 0.0 -..

can have a greater influence on the cost of KGD than the 0 50 100 150 200 250 300
factors which are directly related to the selection of a Cost of Camer/tnterconnect
specific KGD approach (Table 13). Both product life and
bum-in time affect the maximum number of potential Figure 9. Cost of Carrier+lnterconnect (C+I) and
uses for a given carrier+interconnect, consequently Number of Uses vs KGD/Pkg
increasing amortization effects (Figure 8). Over the
ranges selected in this analysis, product life has a slightly
more significant effect than burm-in time. An increase in

product life Yncreases the potential number of uses before
500_ the interconnect is made obsolete by design changes. A
-1 6hr BI decrease in bum-in time will also increase the potential

---- 12hr B13 number of uses because it provides more uses for a given

- 24hr BI interconnect thermal life (i.e., it decreases thermal
4 48hr BI exposure per use).

The two most important KGD technology factors
a which affect cost are the cost of the carrier+interconnect

300- (C+I) and the number of times that it can be used. If the
number of uses is low (<100), it is by far the most

0 important cost driver. Figure 9 illustrates the importance
of determining both factors in selecting a cost effective

j200-
2 KGD technology. The maximum possible number of

E uses for any carrier+interconnect is limited by product life
Z and is unlikely to be more than 1000. The actual number

100 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

0 that 100 uses is a desirable minimum number. Determi-

0 1 2 3 nation of canrier+interconnect life for specific KGD

Product Life approaches will be critical for accurately determining
costs of those particular technologies. Fortunately,

Figure 6. Product life and Bum-in Time vs Number thermal life and temperature cycling tests are relatively
of Carrier+Interconnect (C+I) Uses easy to perform in-house.
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Cycle time for assembly and disassembly of the die 5.5 Anm•mx
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 [] G. Messner, Price/Density Tradeoffs ofMultichip
equipment costs will probably be fairly difficult to Modules,: Proceedings ofthe International Symposium on
determine until the processes mature. Most of the Hybrid Microelectronics (ISHM). pp. 28-36, Seattle, WA,
suppliers do not yet have production lines in place, many October 1988.

have not yet identified key pieces of equipment or levels [2] B.T Murphy, "Cost-Size Optima of Monolithic Inte-
of automation, and some have not made a final decision grated Circuits," Proc IEEE vol. 52, pp. 1527 - 1545,
on the exact process flow. Fortunately both cycle time (1964).
and equipment costs have relatively low effects.

5.4 Coiocusioms

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 V/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+Il 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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6.0 Technical Assessments of Selected Approaches

Soft Connection Approaches to KGD --------------------.-------- 21

Temporary Contact Approaches to KGD ------------------------ 51

Minimal Package Approaches to KGD -----.-.--.-------------- 123
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Soft Connection Approaches to KGD

Chip Supply

Elmo Semiconductor

General Electric

IBM

Micron Semiconductior

MCNC
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Chip Supply

CHIP SUPPLY, INC.
SofTAB/Softool

Giziuo INFOnMTION is visually inspected. Finished KGD are delivered in

Chip Supply began supplying known good die by waffle packs. The finished die have gold plated bumped

providing hard-bonded TAB components, and supplanted bond pads which are sealed to the glassivation for

their capability by licensing the "Softool" technology enhanced reliability. These bond pads readily accept gold

from Micron Semiconductor (see Micron Softool). Chip wire bonds, and in bondability tests performed by cus-

Supply has since developed a known good die technology tomers, the gold to gold attach using both wedge and ball

of their own, called "SofTAB." This new technology is techniques has yielded 100 percent wire breaks.

based on using TAB leadframes and processing equip-
ment, and performing a "soft" inner lead bond to gold READMESS LEVEL

bumped die, which is removable after test and bum-in.
See Figure 10. Contact methodology is a soft bond with
alignment performed by a TAB inner lead bonder. This technology is currently in production.
Thermal management is not provided, although the die Equipment status:
backside is left accessible for contact in the TAB slide
carrier. All three of these methods are in production now. All necessary equipment is currently in place and

The following will focus on SofTAB. A discussion of ready for use.

Softool is included under Micron. Process status:

The process for SofTAB is completely developed and

EC.C D EoN has been independently verified.

Chip Supply's "second generation" approach to Capacity iss

supplying known good die is based on a mature in-house The SoItAB approach is capable of handling high
TAB capability. Wafers are gold bumped in the same I/O, fine pitch, and high volume requirements. Tooling is
manner as for TAB. Thickness of the bumps can be required for each new TAB tape design. Gang bonding
varied to accommodate different final assemblies includ- and removal of tape is possible.
ing HDL The TAB tape frame is fabricated, and lightly Qualificaton issues:
attached to the gold bumped, peripheral bond pads of the
die. After burn-in and test using TAB sockets, the tape u thip meth od ic en in puctyon adi beng
frame is removed with a modified pull tester, and the die used to ship known good die. The quality of the bond

S. pads on shippea die has been verified by customers. Since
an actual bond is made, quality of bumn-in ard test is
expected to be equivalent to traditional TAB.

ALIGNIc•FT METHO

Alignment is done by visual set up of an inner lead
bonder and is automatic thereafter.

CoNTAcr MECHANsm

Contact to die is made with temporary TAB bonds.

KEY Ft-ATUs

SofTAB is based on mature TAB technology.

Fig"u 10. Soft Bonded TAB Carrier
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Chip Suppy

Ncnuwx wrm TEcHNOLoGY AssussEwr DISADv•'NAGFs
a Cooling required for high power dynamic bum-in

The TAB based technology is limited to use with die may be a challenge.
which have peripheral, gold-bumped bond pads. • See also NoNcomimuCA wrrH TECHNOLwGY Assmss-

"* TAB approach means that die with area array pads m~wr GuEm.
cannot be burned-in or tested

"* Process not designed to convert from array to CONCERNS
peripheral bond pads- Selection of this technology means that wafers must

"* SofTAB process not defined for use with Al pads. be gold plated or bumped. Plating/bump process

"* Additional wafer processing required (Au-bump- adds environmental protection to die in the form of
ing). gold sealed to glassivation. However, it may also

"* Cannot accommodate incoming solder bumped die: introduce defects and limit final assembly options. If
SofTAB process not defined for use with solder preferred final assembly requires gold pad then the
bumps; Au-bump processing requires aluminum cost of wafer bumping is value added.
pads as initial surface.

EQuwmfr REQUnMD

It is assumed that the TAB tape will be single level Item cost Throughput
and therefore unable to achieve 50 ohm controlled TAB inner lead bonder $125K 1 bond/sec
impedance. Modified pull tester Unknown Unknown

SoftAB was not penalized for degradation to bond
pads since the contacts are gold-to-gold. Lack of damage E DECI P'ON FOR AUTOMATU IROCESS
is supported by EDS analysis and pull-strength tests.

Wafer processing equipment is required for bumping
the wafers. Normal TAB equipment is used to produce

PRtocFss FLOW D ION the SoffAB product. Chip Supply uses a Hughes TAB

1.0 Begin with gold bumped die. inner lead bonder to form TAB bonds on die pads, and a

2.0 Soft ILB TAB tape leads to die bumps. customized pull tester to remove bonds from the die.

3.0 Test at room temperature.
4.0 Burn-in (160 hrs @ 125°C or 80 hrs @ 150QC). COST

5.0 Test at specified temperatures (-550C to 1250C SoITAB requires a nonrecurring engineering charge
available). (NRE) of approximately $16,000 for tooling new prod-

6.0 Remove TAB contacts from die using modified ucts, plus an NRE charge for test software (dependent on
pull test equipmenta complexity of test). There is no NRE charge for part

types that Chip Supply has previously tooled.

7.0 Inspect.

8.0 Transfer die to shipping containers. Cost Factor Comment Cost

ADVANFAGES Wafer Processing Au bumps $$

"* Uses existing TAB assembly. Materials Cost/Use Low materials cost (Cm $$
volume); low number of use

"* Demonstrated technology, currently in use. Assembly, Cycle time higher dtan $$

"* Wide assembly window; 10% process variation will Disassembly average
retain good pull strength and still remove easily with MCC Cost Judgement
shear because of flat interface.

"* Uses existing TAB tape slide carriers.
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Chip Supply

COMMEM

SofTAB 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.

Surr'um Busm 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

COLrrACr

Jim Rates
PHONE: (407) 296-5604
FAX: (407) 290-0164
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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 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
Waeri~le Size Rules 0
Size 2.5K-SOOK mil2 Y 2 2
max. aspect ratio 3 to 1 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
Intwconnect Rules 0
Planawty* Pad to pad height varation up to 1.0rm variation Y 2 2
IC Pad pianarmity NO planarlty degradation of die Y 2 2
Metallurgy accepted Al. Au, Solder N 2 0
Metallurgy Changes required NO chang in quality/reliability Y 3 3

Ilnterconnect Rules Subtotai l 0 7
Device Design Rules 0
Change or impact required NO change Y 3 3

0

Waer Fabrication Rules 0
Change or Impact Required NO change N 3 0

0

Wafer I Die Probe Rules 0
Does NOT Prohibit Use of wafer probe Wafer probing OK Y 3 3
New capital equipment required by tab NO new equipment reqWd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Sprobe pad damage rMlSpec 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 d 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 I Y 3 3
sMruilattonconecton YES Y 3 3
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Supplier: CHIP SUPPLY Method: SofTAB _

TAG Requirements Specification Meets TAG? Weight :Score
Rc comnpatible wl bandwidth YES Y 3 3
Backside electrical connection YES Y 3 3
Pin 1 Identifier provided YES Y 3 3

v Contact passivalon wells up to 1.5 Im YES Y 3 3
Contact passivalon wells up to 8.0 Wn YES 2 0

Test & Bum In - General Rules Subtotal _ 0 21
Low 11O Teot Ruin _ 0
Carrier Operation Temperature 0-1250C Y 3 3
Contact Resistance 5 0.5 a Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metaization accepted(AI,Au,Solder) IALL N 1 0
Min. pitch 200rmn Y 3 3
Min. pad dimension 100 ILm 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 Rules Subtotal 0 21
High VO Test Rulo 0
Carder Operation Temperature 0-1250C Y 3 3
Contact Resistance s 0.5 Q Y 3 3
Min. Clock Frq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metaJization accepted(AI,Au,Solder) ALL N 1 0
Min. pitch 150Irn Y 3 3
Min. pad dimension 75 im Y 3 3
Char. Impedance 50Cm+l(±10 N 2 0
Bandwidth 1500 MHz Y 2 2
Power handling capacity 1OW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

High VO Test Rules Subtotal 0 21
Own In Rules 0
Die Temperature max 1750C Y 3 3
Ambient temperature max 1150 0C Y 3 3
Contact Resistance 1 0.5 £0 Y 3 3
Min. Cloc Freq. 120 MHz Y 2 2
Pad contact (Peripheral, array, both, Both N 2 0

Pad metallization accepted(AI.Au,Solder) ALL N 1 0

Min. pitch 1200Lmr Y 3 3
Min. pad dimension Y100Il y 3 3
Power handling capacity 13 W/cm2 -1 OW/cm2 Y 2 2
Min. number of touchdowns I die 2 Y 3 3

Bum In Rules Subtotal_ 0 22
Pack & Ship Rulis 0
per JEDEC KGD specificaton YES Y 3 3

0
Inspection 0
Allow optical inspection of device ]YES Y 2 2

1 0

TOTAL SCORE _ 0 153
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01mo

ELMO SEMICONDUCTOR

GENERAL N'ORmAMON final application, new wire bonds are made adjacent to the

Elmo Semiconductor uses their own process for KGD bond sites, which is facilitated by the larger bond-

overcoting die, forming enlarged bond pads, and placing ig area.

temporary bonds on the die for bum-in and test The die is
placed into a temporary package using a thermoplastic die RLm LESS Lv
attach, and wire bonded into the package for bum-in and Rediness Category-
test See figure 11. Afterward, the wire bonds are
"clipped" off and the die is removed from the temporary This technology is currently in production.
package. The contact mechanism ib a wire bond, and the Equipment status:
alignment is performed by a wire bonder. Thermal
management is provided by the temporary package, The mo processis as d one standard
normally the package the part is usually provided in. equipment for wafer processing and die attach/wire
Elmo is curently producing known good die using this bonding operations- All of this equipment is in place and
methodology- ready for use at Elmo.

Process statb:

T DESC~it~rON The wafer processes and the die attach/wire bonding
operations involved are fully developed and qualified forThe Ebno approach is based on existing technology use

and capabilities. Wafers are coated with a dielectric

material, either organic or inorganic, followed by a step to Capacity Isues:
open up the original bond pads. New bond pads are then Elmo capacity for production is currently from 1000
formed over the dielectric coat These new pads are to 2000 die per week (depending on the number of die per
larger and may have a less aggressive pitch than the wafer), and all processes involved except the wire clip
original die. The die is placed in a temporary, reusable and die removal are fy automated. Capacity is limited
carrier with thermoplastic die attach and then wire
bonded. After hu-in and test, the wire bonds are cut and by available personnel not equipment. The capacity may
the die are removed on carriers. For assembly into the be quickly expanded by adding personme

• Temporary Wire Bond

SDie Coating

New Bond Pad

Original Bond Pad

Figure 11. Die Installed in Temporary Package
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Elrno

Quwlficaton issue: The Elmo process was not penalized for number of

The overcoat material(s) are commonly used passiva- touchdowns, since enlarged pads will accommodate

tion materials, and have been qualified for use at Elmo. multiple bonds.

The effects of the overcoat of bonding over active circuits
are unknown at this time and need to be qualified. PRoCss FLow DESCRITON

1.0 Begin with die which have added dielectric and
AUGNMEIrr MFXHM rerouted pads, per Elmo's postpassivation process.

Alignment is manual optical and is performed on the 2.0 Inspect.
wire bonder. 3.0 Mount die in carrier with thermoplastic

4.0 Wire bond.
CONTrAcr MECHANISM 5.0 Test.

Contact to die is made with temporary wire bonds on 6.0 Bum-in die.
expanded die contact pads. 7.0 Re-test.

8.0 Clip wire bonds.
KEY FRATUIR•S 9.0 Remove die from carrier.

Enlargement of die contact pads provides enough 10.0 Remove thermoplastic material from backside of
space for both temporary and final wire bonds. die.

11.0 Transfer die to delivery packaging.
No ouNc ANcE wrm TEcHOoGY ASSEMENT
Gumwmm ADVANrAGES

The wire bond based technology, with required • Uses existing wire bond assembly equipment.
rerouting of original aluminum bond pads, is limited to
use with die which have peripheral, aluminum bond pads. w Enlarged bond pads allow for multiple bonding

* Wie bnd pprachmean tht de wth ~ywithout violating pad damage ratios."• W ire bo nd approach m eans that (he w ith area array - S a d r x si g p c a e m y b s d o c a gpads cannot be burned-in or tested. • Standard existing package may be used. No change
in burn-in and test equipment, sockets or parameters

"* Process not designed to convert from array to is required.
peripheral bond pads. -Demonstrated technology, currently in use.

"* Cannot accommodate incoming Au or solder
bumped die; postpassivation processing, integral to
technology, requires aluminum pads as initial DMADVANTAGES
surface. * Cost increases with pin count since both assembly

" Additional wafer processing required (rerouting and and disassembly are done one pin at a time.
enlargement of bond pads). • Economic reuse of package is limited.

* See also NoNCOMPLANCE wrm TECHNOLoGY ASSESS-
The dielectric overcoat was judged to be potentially mir Gummes

incompatible with GaAs.

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

Wire bonding in combination with padt rerouting • "Clipped" bond balls may affect final assembly.
provides an uncontrolled impedance environment. • Removal of die attach material may not be easy and/Optical inspection of the die is inhibited by the or may affect quality and ease of final assembly.
dielectric ioet. o Postpassivation wafer processing provides addi-tional environmental protection for die and, if done
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Ekno

at a single location, may result in uniform metalliza-
tion and therefore, uniform bonding parameters.
However, wafer processing may also introduce Cost Factor Comment Cost

defects. Overall, cost is high relative to value added. Wafer processing Reroute required $$$

* Potential for damage to die because bonding over
active circuitry. Materials Cost/Use Low number of uses $$$

* Potential TCE mismatch between passivation and Assembly, Assembly increases with 1/0 $$$
coating may result in metal movement Disassembl count; disassembly time hiA

* 1/0 limited. MCC Cost Judgement

EQUMEN foumw

Item cost Throughput COMD
Pick and place station $150K- 2K -7.2K/hr This is one of the few currently available sources for

$300K KGD; however, it requires the customer to pay for the

Wire bonder $120K 5 wires/sec additional wafer processing and accept certain compro-

Die removal system $100K 20 die/hr 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 armay is not

The application of a barrier coat and enlarged bond
pads requires standard thin film and photolithographic Su~ m Busm INFORMATI
equipment. The pick and place system would require a
robot with four degrees of freedom and one end effector. • Elmo Semiconductor Corporation
In order to attach the die to the temporary package, a 7590 N. Glen Oaks Blvd.
heated platen or end effector would be required to reflow Burbank, CA 91504
the thermo-plastic material. The wire bonder required (818) 768-7400
would be a gold or aluminum ball bonder that is either
fully automatic (pattern recognition) or semiautomatic * Primary Business: Semiconductors, related devices
(manual fiducial entry). The method of wire removal is
assumed to be manual The die removal system would • Total Employees: 237
require a manual, semiautomatic, or fully automatic • 1992 Sales: $18.2M
alignment system with at least four degrees of freedom.
To remove the die from the temporary package, a heated CONTACY
platen or end effector would be required to reflow the
thermoplastic material. Depending on the residual Larry Duncan
strength on the attach material after reflow, the end PHONE: (818) 768-7400
effector would use either vacuum or another thermoplas- FAX: (818) 767-7038
tic material to remove the die from the temporary pack-
age.
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Supplier: ELMO Semiconductor Method: no name
TAG Requirements Specification Meets TAG. Weight Score
Device Type Rules
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 1 0
Analog 1Accept Y 1 2 2
Digital Accept VY 2 2
Mixed ]Accept Y I 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
Peuipheral bond pads Accept Y 2 2
Army 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 3 to I Y 1 1
min. size tolerance 1±0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thickness tolerance ±1.0 mis Y 2 2

Wafer/Die Size Rules Subtotal 0 9
Interconnet Rules 0
Planaity* Pad to pad height variation up to 1.OLm variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted AI, 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
Wafer Fabrication Rules 0
Change or impact Required NOchange N 3 0

0
Wafer I 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 d 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
.simulatlonlconnection YES Y 1 3 3
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Supplier: ELMO Semiconductor T Method:1 no name _

TAG Requirements Specification [Meets TAG. Weight Score
Rc compatlble w/ bandwidth YES VY - 3 3
Backside electrical connection YES Y i 3 I 3
Pin 1 Identifier provided YES y 3 i 3
Contact passivaon wels up to 1.5 iun YES y 3 3

Contact passivalon wells up to 8.0 Wn YES _ _ _ 2 0
Test & Bum In - General Rules Subtotal 0 21_ _ _ _ _ _ _ _ _ _ _ _ _ _ 0 _ _ 21Low VO Tes Rules 0

Carrier Operation Temperature 0-1250C y 3 3
Contact Resistance <_ 0.5Q Y 3 3
Min. Clock Frq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AI,AuSolder) ALL N 1 0
Min. pitch t2OVgm Y 3 3
Min. pad dimension 1100 lun Y 3 3
Char. Impedance 150n ±1:10% N 2 0
Bandwidth 1500 MHz Y 2 2
Power handling capacity _3W/cm2 Y 2 2
Min. number of touchdowns / die 12 Y 3 3

Low I/O Test Rules Subtotal 0 21
,Hig• I/O Tet Rules 0
Carrier Operation Temperature 0-1250C Y 3 3
Contact Resistance < 0.5 Q Y 3 3
Min. Clock Frq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metaiization accepted(AIAu,Solder) ALL N 1 0
Min. pitch 150Nm Y 3 3
Min. pad dimension 75um [ VY 3 3
Char. Impedance 500 ±10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 1OWlcm2 Y 2 2
Min. number of toucxhwns / die 2 Y 3 3

High I/O Test Rules Subtotal 0 21
Bum In Rule 0
Die Temperature max 1750C Y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance 5 0.5 a Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metailization accepted(AJAu,Solder) ALL N 1 0
Min. pitch 1200Ium Y 3 3
Min. pad dimension 100 lun Y 3 3
Power handling capacity 3 W/cm2 - 1OW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

Bum In Rules Subtotal 0 22
"Pak A Ship Ruin o
per JEDEC KGD specification YES Y 3 3

0

Inspecimn_________________ 0 _____

Allow optical inspection of device YES N 2 0
0

:roL SCORE 0 143
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General Electric

GENERAL ELECTRIC

High Desmity interconnec

GvmuA INORMAT RFAMN LnvM
The High Density Interconnect (HDI) module technol- Readines Category:

ogy developed at General Electric, requires known good The GE process is currently in alpha test with an
die'. In response, an adaptation of the HDI process is being outside user and under government contract.

* developed. This technology involves overcoating the die
and forming temporary bond pads on the die overcoat Equiment Status:
layer, then temporarily placing the die into a package and AU HDI processing equipment is in place at the GE
wire bonding to it After bum-in and test, the wire bonds corporate research and development center in
are pulled and the die is removed from the package. The Schenectady, New York.
temporary bond pads are etched from the die, leaving a process Status:
tested chip with an overcoat and openings to the bond
pads. The contact method is wire bonds, and alignment is Acn HDI processes are fully developed, although GE
perfomed by a wire bonder. Thermal management is continues to refine this technology.
performed by the package. General Electric is in develop- Capacity issues:
ment of this technology, with plans to use it for an upcom- The capacity is unknown at this time.
ing module design. Texas Instruments is also a current
licensee of the HDI technology. ction iues:

This "temporary interconnect" approach, along with a

TEC~dCL D T %"bare chip probe test" approach, is being demonstrated on
a 16 chip module with three complex ASIC chips and 13

The KGD HDI process begins with the die placed SRAM chips. The temporary interconnect test approach
nearly edge to edge on either a flat substrate or one milled was used with the ASIC chips, and the final module
to have a "well" for each chip. An overcoat polymer fabrication is now underway.
(proprietary formulation) is spray coated onto the bare
chips, which provides protection from handling, probing,
or processing induced damage (the coating is not her- AUGNMENT MrHI)
metic). The GE HDI laser drilling process is then applied Alignment of the bonds to die is performed by a wire
to "drill" via holes to the die bond pads through laser bonder.
ablation of the polyimide. Metallization is applied using a
sputtering process, and then patterned using standard HDI
photolithography to form temporary bondpads on the CoTrAcr MECANm
overcoat polymer which are connected to the chip bond This KGD approach uses temporary, removable wire
pads. The substrate is sectioned to separate the die, which bonds on the temporary, deposited bond pads.
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- KEY FEATURES
mert Following bum-in and test, the wire bonds a Portions of HDI technology are used to produce
removed from the temporary bond pads. The die are KGD through the use of temporary wire bond pads.
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.

, Bare Chip Test Techniques for Multichip Modules, R.A. Fillion, UJ. Wojnarowski, W. Daum. 1992 Proceedings of the International
Electronics Packaging Society. pp. 554
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NONcomFuACE wrIH TENLOGY ASSESMENT 8.0 Etch away unwanted metallization.
GuutiDs: 9.0 Resist strip.

The wire bond based technology, with required 10.0 Saw the substrate to separate chips.
rerouting of original aluminum bond pads, is limited to 11.0 Pick and place the die with repattemed temporary
use with die which have peripheral, aluminum bond pads. bond pads into standard packages (such as PGA or

"* Wire bond approach means that die with area array LCC).
pads cannot be burned-in or tested 12.0 Wire bond to the temporary bond pads on the

"• Process not designed to convert from array to polymer overcoat.
peripheral bond pads. 13.0 Bum-in packaged ICs.

"• Cannot accomodate incoming Au or solder bumped 14.0 Test packaged ICs.
die; postpassivation processing, integral to technol-ogrqie almnm as 15.0 Remove wire bonds from temporary bond pads

with bond pull equipment

16.0 Dissolve die attach polymer in solvent soak,The dielectric overcoat was judged to be potentially remove from package.

incompatible with GaAs. rmv rmpcae
Etchpatibe awayifte rary b17.0 Etch off metallizafion over polymer on chip.EtXching away of temporary bond pad was judged to

potentially result in a degredation in the quality of the 18.0 Place tested and burned-in chip, with polymer

final bond pad surface. Qualification through chemical overcoat layer, into packaging for delivery.

and physical testing of the surface could result in a
reversal of this judgement. ADVANTAGES

Wire bonding in combination with pad rerouting * Uses existing wire bond assembly equipment
provides an uncontrolled impedance environment. * Removal of temporary bond pads used for burn-in

Optical inspection of the die is inhibited by the and test of die, elimates concern for their condition
dielectric coat afterwards.

The GE process was not penalized for additional • Standard, existing package may be used. No change
wafer processing , since rerouting and enlargement of in burn-in and test equipment, sockets, or parameters
bond pads is done at the die level using HDI technology, is required.

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

bonds.
* Cost increases with pin count since both assembly

locass FLOw and disassembly are done one pin at a time.
* Economic reuse of package is limited.

1.0 Begin with bare, singulated die in wafer tape or in E reus e ofa ge is limite.

waffle packs. - See also NONcOMLIANcE WITH TEcHNoWoGY Assnss-
MENT Guuaums

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. - Addition and removal of temporary die bond pads
may adversely affect original die pads to which final

5.0 Sputtr metallization over surface. assembly bonds are made.

6.0 Apply photoresist. * Removal of die attach material may not be easy and/

7.0 Use GE laser scan patterming system to align and or may affect quality and ease of final assembly.
expose, forming temporary bond pads over the - Addition of coating provides additional environmen-
overcoat polymer. tal protection for die. Since coating is added to
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General Electric

singulated die, wafer fab is not affected. However, SuFpunt BusiEss ImFonMTO
handling of singulaled die may be cumbersome and • General Electric
potential for introducing handling damage and Corporate Research and Development Center
defects is high. In addition, laser process for opening P.O. Box 8
bond pads may be difficult to establish and/or Schenectady, NY 12301
control

F~w f R Primary Business: Electrical equipment
E~ uuii~ Total Employees:

GE considers the equipment used and specifics about * T 2Sal es:

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 CorrAcTs:
equipment Ray Fillion

PHONE: (518) 387-6199

CosT FAX: (518) 387-5442

Cost Factor Comment Cost

Wafer Processing Reroute required $$$

Materials Cost/Use Low number of uses $$$

Assembly, Assembly increases with I/O $$$
Disassembly count; disassembly te hime

MCC Cost Judgement

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 I Method: HDI
TAG Requirements Specification 1 Meets TAG? Weight Score
Device Type Rules 0 i
BiPolar Accept Y 2 2
CMOS Accept Y 3 I 3
BIC.MOS 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 VY 2 2
MPUs Accept Y I 2 2
DSPs Accept V 2 2
Logic Accept Y 2 2
Gate Arrays Accept , 2 2
ASICs Accept Y 2 2
Peripheral bond pads Accept Y + 2 1 2
Array pads Accept N 2 0
Bumped le Accept N 1 2 0

Device Type Rules Subtotal, 0 1 28
Wafer/Die Size Rules 0 0
size 2.5K-SOOK ril2 Y 2 2
max aspect ratio 3 to I Y 1 1
min. size tolerance ±0.5 mils or larger Y 2 2
die thicness 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 1.0im variation Y 2 2
IC Pad planarity NO planarty degradation of die Y 2 2
Metallurgy accepted AJ, 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 3o
Wafer Fabrication Rules 0

Change or Impact Required NO change Y 3 3
0

Wafer I Die Probe Rules 0
Does NOT Prohibit Use of wafer probe VWafer 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 d 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: [GENERAL ELECTRIC Method: HDI
TAG Requirements Specification Meets TAGW Weight Score
Rc compatlble w/ bandwidth YES Y 3 3
Backside electrical connection YES Y 3 3

Pin I Identifier provided YES Y 3 3
Contact passivaion wells up to 1.5 I~m YES Y 3 4 3
Contact passivajon wells up to 8.0 I4m YES 2 0

Test & Bum In - General Rules Subtotal 0o_ 21
Low 1/O Test Rules 0
Carrier Operation Temperature 10-125 0C Y 3 3
Contact Resistance !<s 0.5 a Y 3 3
Min. Clock Freq 100 MHz 2 2
Pad contact (Peripheral, array, both) jBoth N 2 I 0
Pad metallization accepted(AI.Au,Solder) ALL N 1 0
Min. pitch 200•Im Y 3 3
Min. pad dimension l00 pm Y 3 3
Char. Impedance 150Q 10% N 2 i 0
Bandwidth 1500 MHz Y 2 1 2
Power handing cap,.inty 3W/cm2 Y 2 2
Min. number of tothdowns / die 2 Y 3 3

Low VO Test Rules Subtotal 0 21
Hith I1O Test Rules 0
Carrier Operation Temperature 10-125-C Y 3 3
Contact Resistance :. 0.5 Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AI,Au,Solder) ALL N 1 0
Min. pitch 150om Y 3 3
Min. pad dimension 75 pn Y 3 3
Char. Impedance 500 ±10% N 2 0
BandwIdth 500 MHz Y 2 2
Power handling capacity 1OW/cm2 Y 2 2
Min. number of touchdowns I die 2 Y 3 3

High I/O Test Rules Subtotal 0 21
Sum In Rubes 0

Die Temperature max 1750C Y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resisnce < 0.5 a Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AIAu,Solder) ALL N 1 0
Min. pitch 2001±m Y 3 3
Min. pad dimension 100 pm Y 3 3
Power handing capacity 3 Wlcm2 - 1 OW/cm2 Y 2 2
Min. number of touchdowns I die 12 Y 3 3

Bum In Rules Subtotal 0 22
Pack & Ship Rules 0
per JEDEC KGD specification YES Y 3 3

0

Inspection 0
Allow optical inspection of device YES N 2 0

0

TOTAL SCORE o_0 150
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IBM

Reduced Radius Removal (R3)

GENIR7AL. bI RMTION both internal and external customers. This has since

With over one million die delivered, the IBM R become a well established, mature process for providing

system is the most mature KGD technology known good die, although it is strictly for the Controlled

available(Figure 12). IBM will perform this service Collapse Chip Connect (C4) flip-chip die attach process.

under contrat at the Burlington, VT facility, or the To date, over 1,000,000 R3 KGD have been shipped to

technology may be licensed from IBM for use by other customers. IBM has develoed a set of ceramic carriers
with a variety of footprints to accommodate die from 6vendors. In the Reduced Radius Removal (R3) system, m ~6m o1 mx1mwt pt 70ttlC

C4 flip-chip ready die are solder-bonded to reusable

temporary carriers for test and burn-in, and then removed bumps. These carriers are compatible with existing test

from the carriers with a shearing process. The solder and bum-in equipment.

bumps are reflowed to provide C4 bumped, fully tested The R3 process requires that the incoming die have
chips. The contact mechanism is a solder bond, and C4 solder bumps. The ceramic PGA cariers are pattenA
alignment is provided by an automated system (either with an array of solder pads which have a reduced radius
mechanical or vision) in combination with the self- relative to the C4 bumps on the die. Initial alignment is
alignment characteristics of solder. Thermal management done through an automated process, either mechanically
is performed through heat dissipating through the bonds or with a vision system. The solder provides characteristic
to the carrier for most applications, and an optional heat self-alignment and a temporary attach. Final attachment is
spreader may be placed on the back side of the die for made using standard reflow and deflux processes. Lastly,
high power chips. This technology is in production- 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

T t oN using a shearing process. The reduced radius of the carrier
In April 1990, IBM qualified their Reduced Radius pads makes this the weakest mechanical point of the bond

Removal (R3) system for providing Known Good Die to 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 CA die is ready for final
assembly and the carrier is ready for reuse.

RUR3 KGD Carrier 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 CA
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,

Re d Solder Bump IBM is investigating alternate shearing strategies to
Radius accommodate a larger number of I/O.
C~onnecfi

Readins Category:

This technology is currently in production.

Figure 12. IBM R3 KGD Carrier
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IBM (R3)

Equlpmst status: bumping process requires aluminum pads as initial

All necessary equipment is in place and operating at surface

IBM, Burlington. • C4 process requires a minimum of 100 C4 bumps

Proess status: per die; therefore, smallest die size is approximately
100 mils on a side; TAG calls for ability to accom-

The process is completely developed for all IC types. modate 50 mil die.

Capacity lisues:

IBM is the only volume KGD supplier currently 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 PROCES DESCRION
provide solder bump processing on their products. IBM is
equipped and accustomed to performing this 1.0 Begin with singulaed, C4 bumped die.
implies that the die be provided in wafer format. Contact 2.0 Inspect
IBM for details. 3.0 Attach die to carrier by applying flux, aligning and

Qualif ca issies: placing die.
IBM has completed extensive in-house qualification of 4.0 Reflow and deflux assembly.

the R3 process at die, module and system levels. One 5.0 Clamp protective lid over assembly.
million die have been shipped since 1990. Qualification 6.0 Bum-in.
has been completed on die with up to 2700 total C4 bumps. 7.0 Test.

8.0 Unclamp and remove lid.
SM~HoI 9.0 Remove die from carrier by shear.

The C4 bonding process is self-aligning after a rough 10.0 Return carriers to inventory for reuse.
mechanical placement. 11.0 Reflow C4 bumps on die.

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

Contact to die is made by reflow of CA bumps to

solder ball bonds on the carrier.
ADVANTAGES

KEY FATURES * Uses existing C4 assembly equipment.

R Reflow of C4 die after bum-in and test ensures
R3 is a proven and qualified process for C4 flip chip bumps are in good condition for final assembly.

KGD.
* Mature technology, currently in use with over one

NowurimcE wmillion parts delivered.

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

The C4 based technology is limited to use with die package.
which have solder bumped bond pads. * Easily accommodates high 1/0 (>200) die, for

• R3 process not defined for use with Al or Au pads. relatively low additional cost.

* Additional wafer processing required (solder-bump- * Thermal management provided by bump contacts.
ing). Use of backside thermal grease for additional

- Cannot accommodate incoming Au bumped die: R3 control is not a concern in final assembly assuming a
process not defined for use with Au bumps; C4- flip chip application.
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DISADVANTAGES Cost Factor Comment Cost
"* Number of uses per carrier is low. W Solder bumps $$

"* See also NoNcou.jicE wrmi TECHNoLoY AsSEss-
ME'r GuESm Materials Cost/Use Relatively low # of uses $$

Assembly, Cycle times moderately higk $$
CONCERNS Disassembly I

* Selection of this technology means that wafers must MCC Cost Judgement

be solder bumped, which limits final assembly COMMENTS
options. Defects also may be introduced. If preferred
final assembly requfires solder bumps (e.g., (24) thesinheol aurvlm oine Gcost of wafer bumping is vaCue atheed process available now. IBM is best positioned to servicethe C4 KGD market

SR Suum Buspms INFORMATION

Item Cost n • International Business Machines Corporation

Pick and place system $150- 6-10 dieumin Old Orchard Road
_....._ $300K Armonk, NY. 10504

C4 solder reflow system SlOOK 30-80 die/mnin (914) 765-1900
Flux removal system $ 150K 10-30 die/in - Primary Business: Electronics, Computers

Capping System $10K 30-50 dietmin *TotalEmployees: 300,000
Cap removal $20K 6-10 die/min 1992 Sales: $64.6B
Mechanical shear $10K 6-10 die/min
removal system _ _ _ _

CONTACTS

EQuMnw4T DncwnoN FOm Au0mMA1T Pstoass Technical questions: Gary Hill

The pick and place system would require a robot with Dept. N39, Bldg. 962-2
1000 River Road

four degrees of freedom that is either fully automatic Essex Junction, VT 054524299

(pattern recognition), or semiautomatic (manual fiducial E : (802)76 -49

entry). The system uses either mechanical or a vision

system for use in registering the die to the carrier within FAX: (802) 769-1249

the needed tolerance. Vertical force sensing and control
for die handling would be required. The C4 solder reflow Licensing: Mike Krueger
and deflux stations would require a multiple stage belt Dept. N80, Bldg. 962-1
oven that is computer controlled. The capping system IBM Corporation
would install the carrier lid prior to burn-in and functional 1000 River Road
test. The cap removal system would remove the carrier lid Essex Junction, VT 05452-4299
after burn-in and functional test operations. The mechani- PHONE: (802) 769-3356
cal shear removal system removes the die from the
carrier. The removal system must be able to secure the die OEM Services: Don Swietek
after removal to prevent the die from being damaged. Dept.585,7Zp 92E 1580

IBM Corporation
COST Route 52

Detailed cost information was presented by IBM at Hopewenl Junction, NY 12533

the MCC KGD Technology Supplier Forum on 13 May PHONE: (914) 892-5583

1993.
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Supplier: IBM j Method: RA3
TAG Requirements I Specification Meets TAG? Weight Score
Devkft Type Ruien 0

BiPolar IAccept Y 2 2
CMOS IAccept Y 3 3
BICMOS IAccept Y 2 2
Si On Insulator IAccept Y 1 1
GaAs Accept Y 1 1

Analog iAccept Y 2 2
Digital Accept Y 1 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 d_ e Accept N 2 0

Device Type Rules Subtotal 0 31

Wa 0 __e Size Rules 0
size 2.5K-500K mil2 N 2 0
max aspect ratio 3to I Y 1 1
mran. 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
PlanwW. Pad to pad height variation up to 1..Opn 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 Rubs 0
Change or impact required NO change Y 3 3

0
Water FabricaUon Rules 0

Change or Impact Required NO change N 3 0
0

Water I Die Pro0e Rules 0
Does NOT Prohibit Use of wafer probe Wafer probing OK Y 3 3
New capital equipment required by fab NO new equipment reqd 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 Rubes 0
Impact on current practices NO change to practices Y 2 2

Aocuracy required for edge placement of d Does NOT require +/- 0.5 mils Y 2 2
. Wafer Mount & Saw Rules Subtotal 0 4

Test & Bum In - General Rules 0
BST Capable YES Y 3 3
Basic function test YES Y 3 7 3
simulation/connection YES Y 1 3 _ 31
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Supplier: IBM Method: RA3 _

TAG Requirements Specification Meets TAG? Weight !Score
Rc compatible w/ bandwidth YES Y 3 3
Backsad electnca connection YES Y 3 3
Pin 1 Identfier provided YES Y 3 3
Contact palvaion wells up to 1.5 In YES Y 3 1 3
Contact passlvaion wells up to 8.0 pm YES 2 0

Test & Bum In - General Rules Subtotal 0 21
Low 1O Test Rules 0
Carrier Operation Temperature 0-1225C Y 3 3
Contact Resistance I; 0.5 a__Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Pedpheral, array. both) TBoth Y 2 2
Pad metailzation accepted(AI,Au,Solder) ALL N 1 0
Min. pitch 200inm Y 3 3
Min. pad dimension 100 _ln_ 3 3
Char. Impedance 50s ±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 I/O Test Rules Subtotal 0 25
High 1O Test Ruls 0
Carrier Operation Temperature 0-1250C Y 3 3
Contact Resistance < 0.5 in Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AI,Au,Solder) ALL N 1 0
Min. pitch 150;rm Y 3 3
Min. pad dimension 75 gm Y 3 3
Char. Impedance 500 ±10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handing capacity 1 OW/cm2 Y 2 2
Min. number of touchdowns I die 2 Y 3 3

High I/O Test Rules Subtotal 0 25
Burn In Rules 0
Die Temperature max 1750C Y 3 3
Ambient temperature max 150 0C Y 3 3
Contact Resistance 5 0.50 Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AJAu,Soldsr) ALL N 1 0
Min. pitch 200gim Y 3 3
Min. pad dimension 100pLro Y 3 3
Power handling capacity 3 W/cm2 - 1 OW/cm2 Y 2 2
Min. number of touchdowns / dle 2 Y 3 3

Bum In Rules Subtotal 0 24
Pack & Ship Rules 0
por JEDEC KGD specifaon YES Y 3 3

0

Inspection 0

Allow optical inspection of device YES Y 2 2

TOTAL SCORE 0 163
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Mawcon Semiconductor, Inc.

MICRON SEMICONDUCTOR, INC.
Softeol

GE•n•L INFOUMA oN AULGNMET METHOD

The Micron Softool process has been used for initial Alignment is performed by a wire bonder.
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 CONTACr MM

into packages with a temporary die attach, and "soft" wire Contact is made with temporary wire bonds.
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 K
use as KGD. The contact mechanism is a "soft' wire Technology uses standard packages with removable
bond, and alignment is performed by the wire bonder. wire bonds.
Thermal management is performed by the package. This
technology is currently in production. NoNCOMPniANCE wrra TECHNOLGY AssESSMENT

Gumwms
ThCuMCAL lDsCaRMuoN The wire bond based technology is limited to use

A "sof' wire bond is used at the die bond pad. with die which have peripheral, aluminum bond pads.
Control of the amount of force is critical. After bum-in * Wire bond approach means that die with area array
and test, each wire is pulled individually. Time and care is p be bumed-rn or tested.
required in order to prevent critical die pad damage. * Poe n d from array to

ppebond pads.

READINES M [ Softool process not defined for use with Au or

Readinew Category: solder bumps.

This technology is currently in production.

ip...t status The Softool process is limited to a single touchdown.

The Softool process uses existing standard wire bond Removal of temporary bond was judged to likely

and modified pull test equipment result in a degredation in the quality of the final bond pad

Process Status surface through physical damage.

Wire bonding is an uncontrolled impedance environ-
The process has been optimized for single sourced ment.

aluminum.

Capaityisse Pioc~ss FLOW

Micron will supply their own chips as KGD using the 1.0 Begin with bare finished die on wafer tape or in
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 I/O count, and 2.0 Pick and place in standard package, using a
in throughput, especially as IO counts increase. temporary die attach.

Qualfeatim isues 3.0 Wire bond, using a soft adhesion wire bond.

The Softool process is currently in use at Micron to 4.0 Bur-in.

supply SRAM and DRAM ICs to customers. Micron has 5.0 Test
licensed this process to Chip Supply to allow them to 6.0 Remove wire bonds using modified bond pull
supply die to the commercial market. equipment-

41



Micron Seniconductor, Inc.

7.0 Remove die from package. Dissolve thermoplastic EQunwENT DEscRwoN FOR AuTiTM PtocEss
die attach with solvent bath, or by heating package The pick and place system would require a robot with
to reflow, four degrees of freedom that is either fully automatic

8.0 Transfer die to delivery packaging. (pattern recognition), or semiautomatic (manual fiducial
entry). The system would require a vision system for use

ADVANFAGES in registering the die and the thermoplastic preform to the

"* Uses existing wire bond assembly equipment. carrier within the needed tolerance. Vertical force sensing
and control for die handling would be required. In order

"* Standard existing package may be used. No change to attach the die to the temporary package, a heated platen
in burn-in and test equipment, sockets or parameters or end cffector would be required to reflow the thermo-
is required. plastic material. The wire bonder required would be a

"* Demonstrated technology, currently in use. gold or aluminum ball bonder that is either fully auto-

"• Low cost entry, suitable for prototyping and low matic (pattern recognition) or semiautomatic (manual

volumes, fiducial entry). To remove the die from the temporary
package, a heated platen or end effector would be re-
quired to reflow the thermoplastic material- Depending on

DEADVArAGES the residual strength on the attach material after reflow,

"• Cost increases with pin count since both assembly the end effector would use either vacuum or another
and disassembly are done one pin at a time, adhesive material to remove the die from the temporary

"• Economic reuse of package is limited. package. The wire pull system would consist of a stan-
dard manila] wire pull tester.

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

"* See also NoNcoMniANc wrrH TE•HNoOGY Assws- Cost Factor Comment Cost
N.E'r GUIEIE Wafer Processing 

$

CONCERNS Materials Cost/Use Low number of uses $$$

"* Soft bond assembly process may be difficult to Assembly, Assembly increases w/l/O $$$
optimize and controL Variations in Al from different Disassembly count; disassembly ti hime
die manufacturing make setting bond parameters MCC Cost Judgement
difficult. Bond must be strong enough to survive
handling, bum-rn and test, yet weak enough to be
cleanly and easily removed afterwards. COMMENM

"• Removal of die attach material may not be easy and/ This technology for KGD is currently available. This
or may affect quality and ease of final assembly. approach does not require the wafer processing and bond

pad reforming that the Elmo approach requires, and does
EQUIMm REQUIRFD not leave a clipped ball bond at the pad site when the

item cost Throughput process is complete. It does still impose a number of
significant restrictions, a relatively low throughput, and

Pick & place system $150- 2K-7.2K relatively high cost
$300K

4
Wire bonder $120K 5 wires/sec
Wire pull system $100K 5-10 wires/min

Die removal system $100K 20 diehr
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Micron Semiconductor, Inc.

Suwyug Busi•SS IN•OMA ioN

"• Micro Semiconductor, Inc.
2805 E. Columbia Rd.
Boise, ID 83706
(208) 368-4000

"* Primary Business: Semiconductors

"* Total Employees: 4,200

* 1992 Sales: $323.5M

COI~TACrS

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:JM icron IMethod: Softool _I _I

TAG Requirements Specification Meets TAG. Weight Score
Devce Type RuMs _ 0 I
BiPolar lAccept I Y 2 F 2
CMOs Accept Y3 3
BICMOS JAccept Y 2 2
Si On Insulator Accept Y 1 1
GaAs Accept IY 1 1
Analog Accept _ _Y 2 f 2
Digital Accept Y 2 F 2
Mixed Accept y Y 2 __2

Memories Accept Y 2 2
MPUS Accept Y 2 2
DSPs lAccept Y 2 2
Logic JAccept .Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Perpheral bond pads Accept Y 2 2
"An pads Accept N 2 1 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 3tol Y 1 1
min. size tolerance -0.5 mils or lager Y 2 2
die thiclness 10 - 30 mils Y 2 2
min. thickness tolerance ±1.0 mils Y 2 2

Wafer/Die Size Rules Subtotal 0 9
Iteonnect Rules 0
Planarity, Pad to pad height variation up to 1.0pio variation Y 2 2
IC Pad ptanarity NO planarity degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder N 2 0
Metallurgy Changes required NO change in quality/rellability N 3 0

Interconnect Rules Subtotal 0 4
Devle 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
wafor I Dle Probe Ride 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
Wa0er Mount and Saw Rues o
Impact on current practices NO change to practices Y 2 2
Accuracy required for edge placement of d 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
simulatlon/connection IYES Y 3 3
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Supplier: FMicron Method: Softool
TAG Requirements Specification Meets TAG? Weight 1 Score
Rc compatible w/ bandwkdh YES y V 3 3
Backside electrical connection YES Y 3 L3
Pin I Identifier provided YES Y 3 3
Contact pasuivalon wells up to 1.5 jim YES I Y 3 7
Contact passivaion wels up to 8.0 •m YES 2 0

Test & Bum In - General Rules Subtotal 0 21
Low 11O Tem Rules 0
Carrier Operation Temperature 0-125°C Y 3 3
Contact Resistance < 0.5 V Y 3 3
Min. Clock Freq 100 MHz 1 Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AlAu,Solder) ALL N 1 0
Min. pitch 200pm Y 3 3
Min. pad dimension 100 p Y 3 3
Char. Impedance 500±10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 3W/cm2 Y 2 2
Min. number of touchdowns / die 2 N 3 0

Low I/O Test Rules Subtotal 0 18
High VO Test Rules 0
Carder Operation Temperature 0-1250C Y 3 3
Contact Resistance s 0.5 Q3 _3_ 3
MIn. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metulization accepted(AI,Au.Solder) ALL N 1 0
Min. pitch 150Inm Y 3 3
Min. pad dimension 75 tun Y 3 3
Char. Impedance 50l±100:1 N 2 0
Bandwdth 500 MHz Y 2 2
Power handling capacity lOW/cm2 Y 2 2
Min. number of touchdowns die 2 N 3 0

High i/O Test Rules Subtotal 0 18
Bum In Rulbs 0
Die Temperature max 1750C Y 3 3
Ambient temperature max 150°C Y 3 3
Contact Resistance < 0.5 a Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metalization accepted(AiAu,Solder) ALL N 1 0
Mmn. pitch 200nm Y 3 3
Mln. pad dimension 100pm Y 3 3
Power handling capacity 3 W/cm2 - IOW/cm2 Y 2 2
Min. number of touchdowns / die 2 N 3 0

Bum In Rules Subtotal 0 19
Pack & Ship Rulles 0
per JEDEC KGD specification YES Y 3 3

Inspection 0
Allow optical inspection of device YES Y 2 2

TOTAL SCORE t 0 1 144
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MCNC

MCNC
Rliuable Burn-In and Test Substrate (BATS)

G A DEsCanoN TEcwNCAL DEScRirON

A KGD technology for solder bumped chips has been The MCNC KGD method uses a temporary metallur-
developed by the Microelectronics Center of North gical connection between IC solder bumps and a reusable
Carolina (MCNC). This is a camer-based approach multilayer ceramic carrier. The temporary metallurgical
utilizing a proprietary metallurgy and dejoin process connection is a solder-wetted sacrificial thin-film metalli-
(Figure 13). Die are attached to a carrier for test and burn- zation over a nonwettable thick-film metallization pattern.
in, after which the dejoin process weakens the metallurgi- The die is attached to the carrier using a standard flux and
cal connection between die and carrier, allowing for easy reflow operation. After burn-in and test, the IC is re-
removal of the die. The contact is a sacrificial metal, and moved from the carrier with a special dejoin process
rough alignment is performed by a C4 flip chip bonder. which causes the sacrificial metal to dramatically reduce
The wettable sacrificial metal provides a final self- its connective strength. The IC then can be removed with
alignment. Thermal management is provided by the heat very little force. After processing, the substrates are
dissipating through the bond pads for normal applications, recycled by cleaning and redepositing the sacrificial thin-
and an optional heat spreader may be placed on the film metallization.
backside of the die for high power applications. MCNC is An adaptation of this method also allows for transfer
currently developing this technology, and plans to make it of solder bumps from the carrier to the device This
available for licensing when development is complete. 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

U81 • ~ l m SokW•Immm•

•US siw saeab, undr-BSump Meemlug M•U-C.hip ModalIi Figure 13. Reusable Burn-in And TMe t Substrate (BATS)
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MCNC

prepared by depositing a thin film barrier metal and a NoNcowuAwcE wrIH TECHNoLoGY AssEssME
wettable nonsacrificial metal over the bond pads in wafer Gumiurs
form. The die is bonded to the carnier in the normal The BATS technology is limited to use with die
fashion and processed through burn-in and final test. which have solder bumped bond pads.
During the dejoin process, the solder bump de-wets from

tleal~erncltaywlhthdleThcarleranhene BATS process not currentlydefined for use with Althe carrier and stays with the die. The carrier can then be o up d ,at o g e eo m n fot r
reused by replacing the sacrificial metal and the solder or Au pads, although development efforts are
bumps. underway.

Another adaptation currently beginning development * Additional wafer processing (solder-bumping)

allows for burn-in and test of wire bond and TAB ICs by required (MCNC can bump wafers).

relocating the solder bumps over the passivation using an • Cannot accommodate incoming Au bumped die:
aluminum redistribution metallization layer. BATS process not defined for use with Au bumps.

RErNSS LEVEL Use of sacrificial metal was judged to potentially
Readiness Category: result in a degradation in the quality of the final bond

surface. Qualification through chemical and physical
This technology is currently in development, testing of the surface could result in a reversal of this

Equipment Status: judgement.

All necessary equipment is in place at MCNC. The BATS process was not penalized for number of

Proces Status: touchdowns, since sacrificial metal does not affect ability
to repeat the process.

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

Capacity Isnes: 1.0 Begin with bumped die on wafer tape (sawn) or in

MCNC is research and development facility with waffle pack type packaging.

prototype capability only. 2.0 Assembly

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

In-house testing has been performed on between 300 2.2 Reflow the solder in a multizoe belt furnae.
to 400 devices.

2.3 Remove flux residues in semiaqueous cleaner.

ALU MiM 3.0 Test.

4.0 Bum-in.
Self-alignment of the solder joints follows a rough 5.0 Disassembly

automated vision-based alignment.
5.1 Reflow the solder in a multizone belt furnace

CONTACT MECHANISM with flux.
5.2 Remove flux residues in a semiaqueous cleaner.The contact between die and carrier is made with a

sacrificial metal that provides a metallurgical bond during 5.3 Pick the die off the carrier and place in package

test and bum-in. for delivery.
5.4 Recondition the substrate by redepositing the

K FEATUE sacrificial metal.

The BATS technology is characterized by a tempo-
rary metallurgical bond requiring low removal force.
High I1O counts are possible. 1679 /O has been demon-
sawed.

47



PJCNC

ADVANTAGES MCNC current cost models indicate, at manufacturing
"* Uses existing solder bump (flip chip) assembly volumes, the BATS processing cost including equipment

equipmen, amortization, substrate amortization, materials, and labor
"will range from $1.62 per die (< 100 1/0) to $5.40 per die• Burn-in and test par'ameters (speed, power dissipa- (<25001I/0). Test and burn-in charges not included.

tion, etc.) are the same as for a die in a single chip

package ...pcaeCost Factor Comment cost
"* Easily accommodates high 1/0 (>200) die for

relatively low additional cost. Wafer Processing Solder bumps $$

"* Thermal management provided by bump contacts.
Use of thermal grease for additional control not a M C
concern in final assembly assuming a flip chip Assembly, Cycle times moderately hi $$
application. Disassembly C t

MCC Cost Judgement

DISADVANTAGES 
CMET

• v~e~AG~sCOMMENTS

"* Solder bumping of die by transfer from carrier The solderrequies reetalizatin ofcanerafte eachdse.bump transfer capability is an innovative
idea. By relegating the solder bump piocess to the carrier,

"• See also NoNcomn cE wrm TEcHN•LwY AssEss- device yield loss from this step can be avoided, and econo-
mENr GuIEuNEs. mies of scale can be achieved even for short run devices.

CONCMRS Sjuii BusINESS IwORmAON

"• Selection of this technology means that wafers must * Microelectronics Center North Carolina
be solder bumped which limits final assembly Electronic Techncoogies Division
options. Defects may also be introduced. If preferred 3021 Cornwallis Road
final assembly requires solder bumps, then cost of Research Triangle Park, NC 27709-2889
wafer bumping is value added.

"• Addition of solder bumps by transfer from carrier
still requires wafer-level processing in the form of • Primary Business: Research and development
barrier added. Process may be difficult to optimize. - Total Employees: 275

* 1992 Sales:

- REQUUM

A flip chip aligner/bonder is used for die to carrier CONTAcr
assembly. Thin film metallization plating equipment Glenn A. Rinne
required to plate sacrificial metals on carrier. (919) 248-1941

Cost
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Supplier:!MCNC j Method: Burn-in and Test Subs
TAG Requirements I Specification j Meets TAGW Weight I Score
Device Type Rules _________ ____ 0 ___

BiPolar __Accept _ Y_ _ 2 2

CMs _Accept v 3 3
BICMOS Accept __Y___2 2
Si On Insulator Accept 1 1

Ga__s Accept _ 1 1 1
Analog _Accept Y 2 2
Digital Accept Y 2 !2
Mixed Accept yV 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

YSICs Accept Y 2 2
Peipheral bon 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 mi12 Y 2 2
max. aspect ratio 3 to Y 1 1
min. size tolerance t±0.5 mils or larger Y 2 2
die thickness 110 - 30 mils Y 2 2
min. thickness tolerance i±1.0 mils Y 2 2

Wafer/Die Size Rules Subtotali 0 9
Interconnect Rules upto_1.0_mvariation 0
Planarity Pad to pad height varation up to 1.0gm vaiation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted IA, Au, Solder N 2 0
Metallurgy Changes required INO 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
Wafer Fabrication Rules _ 0
Change or Impact Required I NO change N 3 0- _ _ _ _ _ _ _ _ _ _ 0
Wafer I 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
WaWe Mount and Saw Rules 0

Impact on current practices NO cho, .'- to practices Y 2 2
Accuracy required for edge placement of di Doet. 14C require +/- 0.5 mils Y 2 2

Wafer Mount & Saw Rules Subtotal_ 0 4
Test & Bum In - General Rules 1 0
BIST Capablet YSY33YES [ V3 3

Basic function test YES Y 3 _3

simulation/connection YES I Y 1 3 3
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Supplier: MCNC Method: I Burn-in and Test Subs
TAG Requirements Specification Meets TAG. Weight Score
Rc compatible w/ bandwidth YES Y I 3 3
Backside electrcl connection YES Y 3 3
Pin 1 Identifier provided YES Yji 3 3
Contact passivalon wells up to 1.5 gam YES Y 3 3
Contact passivaion wells up to 8.0 Izm YES 1 2 0

Test & Bum In - General Rules Subtotal 0 21
Low 1/O Test Rules 0
Carder Operation Temperature 0-1250C Y 3 3
Contact Resistance 5 0.5 Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metalhization accepted(AJ,AuSolder) ALL N 1 0
Min. pitch 200gm Y 3 3
Min. pad dimension 100 ln Y 3 3
Char. Impedance Soo ±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 UO Test Rules 0
Carrier Operation Temperature 0-1250C Y 3 3
Contact Resistance !5 0.5 12 Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Pedpheral, array, both) Both Y 2 2
Pad metailization acceptad(AI,Au,Solder) ALL N 1 0
Min. pitch Io51m Y 3 3
Min. pad dimension 75 1n Y 3 3
Char. Impedance 50Q ±10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 1OW/cm2 Y 2 2
Min. number of touchdowns I die 2 Y 3 3

High I/O Test Rules Subtotal 0 25
Bum In Rules 0
Die Temperature max 1750C Y 3 3
Ambient temperature max 150 0C Y 3 3
Contact Resistance < 0.50l Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AI,Au,Solder) ALL N 1 0
Min. pitch 200imm Y 3 3
Min. pad dimension 100 LAm Y 3 3
Power handling capacity 3 W/cm2 - 1 OW/cm2 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

Inspecton __ _ _ _ _ _0_ _ _ _

Allow optical inspection of device YES Y 2 2
0

TOTAL SCORE 0 1162
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Temporary Contact Approaches to KGD

Acslst

Aehr Test Systems

Fresh Quest

IBM

MCC

Micron Semiconductior (KGD Plus)

Packard Hughes

Plastronics

Qualhi

Sandia National Lab

TI/MMS

TRIBOTECH

Yamaichi
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ACSISTAssodats

ACSIST ASSOCIATES INC.

Particle Interconnect

GENAL INODMATION unknown and may be dependent on metallurgy and

ACSIST plans to apply their patented Particle configuration (e.g., thin Al pads vs. thick solder bumps).
It (PO technology into a TAB side type carrier The number of uses per particle interconnect and required

in order to take advantage of the existing base of TAB maintance (cleans) are unknown. ACSIST will enter

processing equipment The interconnect would be built into strategic relationships to deliver an integrated

with ACSIST laminate capabilities, and other parts of the solution for KGD.

carrier mechanism provided by partners. The contact
mechanism would be based on the piercing action of the REAM s LEvEL
particle interconnect. Plans are to use meanical or optical Reins Cgory
alignment of the die to carrier interconnect. This product
is cmuey conceptual, and ACSIST intends to enter into This technology is conceptual.
a partnership agreement with another company to develop Equipment status:
the mechanical portions of the carrier. Assembler/disassembler equipment is currently

conceptual. Assembly/alignment and disassembly would

TECHNWCAL DKSCRUMON have to be performed manually until this equipment is

ACSIST Associates has a patented contact methodol- ready.
ogy, Particle Interconnect (P1) for forming separable or Process status:
permanent interconnections with minimal damage to the Particle deposition and coating processes are still in
surface(s) being probed. P1 forms a connection by development. ACSIST is currently working under a
utilizing a piercing action to penetrate any surface oxides. research grant to extend their membrane laminate inter-
This interconnect technology has been successfully connects to a 3.8 mil pitch capability, and also continuing
applied in a number of commercial test applications for development of the particle contact system. A generic
packaged ICs, and is also currently being utilized for carrier assembly process has been described, but ACSIST
testing MCM-L substrates which are manufactured by points out that each user may modify the process for
ACSIST. In addition, this interconnect technology is insertion into their own process flow. Details of the
being used by one external customer to test high 1/O, flip "integral hold down mechanism" remain concealed, but
chip ready, area army solder bumped integrated. circuits. indicate that it is a simple clamping action after align-

ACSIST is currently developing a miniaturized ment
version of Particle Interconnect on a laminate probe slide Capacity issues:
frame similar to TAB tape frames. These will be compat-
ible with industry (JEDEC) standard TAB test carriers Production capacity for making laminate based

and sockets. The initial probes will have the capability of membrane probes suitable for area army solder bumped

contacting peripheral bond pads on an 8 mil pitch and ICs available now,

area array bond pads on a 20 mil pitch, with subsequent Qualification issues:
development (during 1994/95) to 3.8 mil pitch bond pads. Some contact resistance work has been performed.
These size limitations are a function of the interconnect
rather than the particle technology. The membranes will
have an integral compliance capability to accommodate AUGNMNT MErHOD
the minor planarity variations of either the membrane Alignment methodologies will depend on the carrier,
probe or the device under test. In addition, PI technology which has not yet been defined. Provisions for mechani-
may be incorporated directly on bum-in boards to cal alignment (fiducials) can be fabricated on the mem-
increase the density of components on those boards. The brane; this will require precision sawing of the die. In
condition of the die pads after use of this interconnect is lieu of accurate sawing, optical alignment must be used.
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ACSISTAuooinw.

CONTACT MECHANISM DISADVANTAGES

Extremely hard conductive particles (typically, plated • Technology is be pitch limited nows.
diamond) pierce oxides without scrubbing, with compara- - See also NoNcomnaAucE wri TECHwNooGY AssEss-
tively small normal force applied. Particles may be as M•n GumruNus.
small as one micron, and several choices of metallurgy
are available.

CONCERNS
KEY FFUTURES - Nonuniform particle size and piercing action may

cause pad damage, especially for nonplanar die with
Particles are used to make contact between the die thin metallization.

and interconnect. Membrane probe sets (slides) will be -Size grading and sorting of particles may be costly.
designed to fit JEDEC TAB slide carriers and sockets for
test and burn-in. • Frequency and method for cleaning contacts is

unknown. Robustness to clean may depend on
materials selection.

NON-Co AN wrrIH OLOGY ASSESSMEt Ultimate use and value of this contact technology is
GUIDEINES dependent upon carrier and interconnect selection.

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 I/O limits of 6 mil pitch item cost Trmahmt
and 75 micron pads. Assembler/disassembler $50K (man.) 100/hr (man)

$250K (auto) 1000/hr (auto)

PROCESS FowW DESCRIPTON (CONCEML'ju)

1.0 Begin with die in waffle pack or sawn on wafer The equipment for automated operation would require a
tape. high speed pick and place robot with six degrees of

2.0 Place die in P1 membrane slide. freedom and end effector controL Depending on the
precision of the sawn devices, the system would require a

3.0 Activate integral hold down mechanism, vision system with pattern recognition for registering the

4.0 Insert PI membrane slide into standard JEDEC die to the PI membrane slide to the required tolerance.
TAB slide carrier;, close lid. Z-axis force control and sensitivity would be required

5.0 Bum-in. particularly for delicate materials such as GaAs. If die

6.0 Test. can be presented to the pick and place unit in a face down
orientation, it would eliminate the need for adding the

7.0 Deactivate integral hold down mechanism and equipment to invert the die. This may be accomplished
delivery packagingd by using reversible chip trays or waffle packs which

would present the back side of the die to the manual or

8.0 Inspect. automatic pick and place equipment-

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.
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ACSISTAssociates

Cost COM

The following information was supplied by ACSIST. This contact methodology may be best suited for
Tooling of PI membrane slides would range from $3K to bumped die, since there is less need to control particle
$5K. Lead time for new designs would be four to six size and penetration.
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. e ACSIST Associates

3965 Meadowbrook Road
Cost Factor Comment cost Minneapolis, MN 55426

(612) 931-1300
Wafer Processing $

Materials Cost/Use Size grading of particles $$ * Primary Business: Printed circuit boards
required * Total Employees: 130

Assembly, Dependent on carrier
Disassembly approach * 1993 Sales: $14M

MCC Cost Judgement
"C"OrACT

Carl Reynolds
PHONE: (612) 931-1334
FAX: (612) 938-3731
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Supplier: Acsist Method: I Particle Interconnect
TAG Requirements TSpecification Meets TAG.I Weight Score
Device Type Rules 0
BiPolar Accept Y 2 2
CMOS Accept Y 3 3
BICMOS Accept Y 2 2
Si On Insulator jAccept _ _Y 1 1
GaAs AcceptW Y 1 1 1
Anafo gAccept Y 2 2
Digital Accept T 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
Perpheral bond pads Accept Y 2 2
Array pads Accept Y 2 2
Bumped die Accept Y 2 2

Device Type Rules Subtotal 0 33
Waler/Die Size Rules 0
Size 2.5K-S50K mil2 Y 2 2
max. aspect ratio 3 to I 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 1.01pm variaton Y 2 2
IC Pad planaity NO planarity degradation of die Y 2 2
Metallurgy accepted AI, 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
Chanp or impact required NO change Y 3 3

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

0
WaWer I 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 reqd 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: Acsist Method: I Particle Interconnect
TAG Requirements Specification IMeets TAG. Weight Score
Rc compatible wl bandwidth IYES _ _Y 3 3
Backside electical connecton YES Y 3 3
Pin 1 Identifier provided YES ! Y 3 3
Contact passivaion wells up to 1.5 .Am YES I Y i 3 3

Contact passivajon wells up to 8.0 pn YES 1 2 0
Test & Bum In - General Rules Subtotal 0 21

Low 10 Tes Rules 0
Carrier Operation Temperature 0-1250C Y 3 3
Contact Resistance 0.5 Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AJ,Au,Solder) ALL Y 1 1
Min. pitch 200I±m Y 3 3
Min. pad dimension 100pm Y 3 3
Char. Impedance 50, +±10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 3W/cn2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

Low VO Test Rules Subtotal 0 26
High I/O Test Rules 0
Carrier Operation Temperature 0-1250C Y 3 3
Contact Resistance 0.5 Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metalization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 150ttm N 3 0
Min. pad dimension 75 Ipm N 3 0
Char. Impedance 50fl±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 I/O Test Rules Subtotal 0 20

Bum In Rules 0
Die Temperature max 1750C Y 3 3
Ambient temperature max 1500C T y 3 3
Contact Resistance < 0.50 Y 3 3
Min. Clock Freq. 120 MHz Y j 2 2
Pad contact (Peripheral, array, both) Both Y { 2 2
Pad metallization accepted(Ai,Au,Solder) ALL Y 1 1
Min. pitch 200pm Y j 3 3
Min. pad dimension 100 pm Y 4 3 3
Power handling capacity 3 W/cm2 - 1 OWlc2 Y 2 2
Min. number of touchdowns / die 2 Y j 3 3

Bum In Rules Subtotal j 0 25
Pack & Ship Rules I 0
per JEDEC KGD specification 'YES Y 3 3

0

Inspection 0
Allow optical inspection of device YES Y 2 2

S0

1 OTAL SCORE ,0I 1- o -
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A~hV Tst Systm

AEHR TEST SYSTEMS

Carrier/Socket

GENERAL NFORMATION to 60 milliohms) at 30 to 70 grams of contact force per

Aehr Test is developing a complete process for pin. Nitto has successfully used the ASMAT technology

handling and peforming burn-m and test of bare die in in probe cards for test applications. The carrier provides

reusable carriers that are compatible with existing bum- the mechanical support for the interconnect and the
mechanical interface to the socket. A mechanism con- D

in, test, and automated handling systems (Figure 14). The medhwithin the arkter mechani s ted,
deveopmnt iclues afamly f caries whch anrained within the carrier mechanically aligns the die,development includes a family of carriers which can

handle die with up to 500 I). The carrier uses a deriva- interconnect, and socket interface. The hinged lid applies

tive of the Nitto Denko ASMAT tn a controlled force to the die and allows it to mate properly

Contact to the die is made using the nonscrubbing, oxide the the die is

piercing bumps which are an integral part of the intercon- protected from the environmet. Sufficiet thema mass

nect Alignment is strictly mechanical. The carrier lid is is provided by the carrier to remove heat from the die.

used as a heat spreader for thermal management. Aehr is Work by Nitto Denko indicates that damage to aluminum

currently in alpha test of this carrier with a parmr bond pads due to contact with the ASMAT bumps is

company. Investments in equipment for carrier p - minimal Thermal life of the interconnect is expected to

tion and an automatic loading station are also currently be high.

being made. As a supplier of burn-in equipment and
supplies, Aehr is particularly sensitive to issues of RFAiiSs LuVEL
compatbilft and automation. 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-

The Aehr Test carrier uses Nitto Denko ASMAT thin cost tooling required to produce carriers and sockets in
film interconnect to provide electrical connection between quantity at low cost. The current generation of carriers is
the pads on the die and the contacts on the bum-in and machined. Production sockets are available up to 116
test socket. The ASMAT material is a polyimide film pins.
which supports fine line pitch and through holes filled Equipsntt status:
with metal, forming electrically conductive bumps on the
film. Data from INitto Denko indicates that the ASMAT The die are currently loaded into carriers by hand.
die contact interface provides a low contact resistance (50 An automatic loading station is in the works and is

expected to be ready by 3Q94. Carriers may be
loaded into sockets on burn-in boards using Aehr
Test's existing ALS-1000 automated loader/

Substrat - Hinged Lid UnlOade.

Die Process states:
Carrier Carrier loaded into

Emipty Bur-in Sockets " socket The Nitto Denko film has been characterized
Bum-in Board and is ready for use. The die loading/uloading

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

Figure 14. Carrier-based Approach to KGD limited by nranual test and inspection throughput,
which w' be increased by automation. Lead
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Aehr Test Systems

times for carriers and sockets is currently about 10 to 12 2.1 Remove lid screw
weeks ARO, which allows time for design verification. 2.2 Swing lid aside

u 1 H skues: 2.3 Pick and place die face down in proper orienta-

Aehr is currently qualifying this carrier/socket for tion
KGD production using test during burn-in to verify 2.4 Rotate lid into place
contact reliability. This qualification test data will be 2.5 Insert screw
made available upon request when completed. An
electrical performance evaluation is part of this qualifica-
tion, as well as mechanical/contact resistance/alignment 3.1 Remove lid screw
tests. 3.2 Swing lid aside

3.3 Remove die with vacuum wand and place in
AtG rr N dclivery package

Alignment is strictly mechanical, although later a 3.4 Rotate lid into place

version may offer provisions for optical alignment. 3.5 Insert screw

CONTACr MECHANISM ADVANTAGES

Bumps in the Nitto Denko ASMAT film make • Nonscrubbing contact may minimize pad damage,
contact similar to rivets by penewating oxide without assuming excessive force is not required to over-
scrubbing motion. come non-planarity.

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

Simple carrier approach depends on ASMAT 0 Quick mechanical align possible for precision sawn

technology from Nitto Denko. Use of mechanical align- die.

meat offers potential for high throughpuL Company is very sensitive to compatibility and
automation issues.

NoNcomnUANCE wrrH TE_ OLOGY As s rr Assembly provides air tight seal for protection

GumEUNE during burn-in and test

The current approach calls for mechanical alignment
of the die which will require a high precision wafer saw
process. * Currently no methodology for maintaining die

The Aehr Test technology was not penalized for die placement during assembly ff alignment must be
size, although there are some concerns as to how very made using vision (rather than mechanical) system.

small die might be handled and aligned. (TAG guidelines & See also NoNcomnAcE wrr' TacHNoLwy

say that the technology will accommodate 50 mil die). ASSESSMNT GuUELIns

PROCEss FLOw DESCRIU ON CONCERNS

NOTE: This describes the process for assembling die * Nonscnibbing action may affect contact reliability.
into the prototype version of the carrier, and does not • Frequency and method of cleaning contacts is
represent the process for the anticipated production unknown. If cleaning requires scrubbing,, it may
version. significantly impact lifetime by weakening probe tip

1.0 Begin with die on wafer tape (sawn) or in waffle to interconnect interface.
pack type packaging * Die saw may not be precise enough to permit

2.0 Assembly mechanical align.
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Ahr Test Syst*=s

EQLMuN TREAUMED SuFFum Buwm INFoRmAON

Item Cost Throughput * Aehr Test Systems, Inc.
Die to carrier $150K - $300K 2K/hr - 7.2K/hr 1667 Plymouth Street
assembly station Mountain View, CA 94043
Carrierto socket $100- $150K =2000/hr (415) 691-9400
assembly station

• Primary Business: Test and bum-in equipment
Equipment Description for Automated Process * Total Employees: 200 - 250

Fully-automated system is in development. * 1992 Sales: $25M - $50M

CoST CowrAcrs

Cost Factor Comment Cost Lina Prokopchak
PHONE: (415) 691-9400

Wafer Processing None required $ PO: (415) 691-980
FAX: (415) 691-0980

Materials Cost/Use High carier reuse $ Carl Buck
PHONE: (415) 691-9400

Assembly, Mechanical align $
Disassembly

MCC Cost Judgement

COMMENS

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 burn-in and test
processes and strategies.

4

60



Supplier: AEHR Method: no name
TAG Requirements Specification Meets TAG Weight Score
Device Type RulMs _ 0
BiPolar Accept Y 2
CMOS Accept Y 3 3
BICMOS Accept Y 2 2

Si On Insulator Accept Y 1 1
GaAs Accept Y I I
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
Perpheral bond pads Accept Y 2 2
Array pads Accept Y 2 2
Bumped cie Accept Y 2 2

Device Type Rules Subtotal 0 33
WaferADie Size Rules 0
Size 2.5K-500K mi12 Y 2 2
max. aspect ratio 3tol Y 1 1
min. size tolerance ±0.5 mils or larger Y 2 2
die thidcms 10 - 30 mils Y 2 2

nM. 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 .Onm 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 Oesign Rues 0
Change or impact required NO change V 3 3

0

Wafer FabricaUon Rules 0
Change or Impact Required NO change V 3 3

0
Wafer I 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 reqd 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 d Does NOT require +/- 0.5 mils N 2 0

Wafer Mount & Saw Rules Subtotal 0 2
Test & Bum In - General Rules 1 0
BIST Capable JYES Y 3 3
Basic function test JYES Y 3 3
simulation/connection IYES Y 3 3
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Supplier:lAEHR Method: I no name
TAG Requirements 1 Specification Meets TAGA Weight I Score
Rc compatible w/bandwidth YES Y 3 3
Backside electrical connection YES y 3 3
Pin I Identifier provided YES Y i 3 3
Contct passivaion we•ls up to 1.5 gm IYES y 3 3
Contact passivaion wells up to 8.0 pjn !YES 2 0

Test & Bum In - General Rules Subtotalj 0 21
Low I/O Test Rules 1 0 _ _
Carrier Operation Temperature 0-1250C 1 V 3 __3

Contact Resistance S 0.5 Q Y 3 - 3
Min. Clock Freq 100 MHz Y 2 2

Pad metallization accepted(AI,Au,Solder) ALL Y 1 __1

Min. ptch 20o0ju Y _ 3
Min. pad dimension 100 lWn Y 3 3
Char. Impedance 50m ±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 I/0 Test Rules Subtotal 0 26
High IO Test Rues 0
Carrier Operation Temperature 0-1250C Y _ _3 3
Contact Resistance L 0.5 r Y _ 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AIAu,Solder) ALL Y 1 1
Min. pitch 15ojm Y 3 3
Min. pad dimension 75 pun Y 3 3
Char. Impedance 50 ±10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 1OW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

High I/O Test Rules Subtotal 0 26
Sum In Rubes 0

Die Temperature max 1750C y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistace- <: 0.5 Q Y 3 3

Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metaltization accepted(A.,Au,Solder) ALL Y I I
Min. pitch 200;Lm Y 3 3
Min. pad dimension 100 tun Y 3 3
Power handling capacity 3 W/cm2 -1OW/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 IYES Y 2 1 2

T0 0 _
""TOTAL. SCORE 0 1
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Caifiomia Conhcs

CALIFORNIA CONTACTS

Mcobeam

GERAL IFOMATIoN action by the microbeams, which are individually cantile-
vered. This provides compliance for even contact forceCalifornia Contacts is developing a KGD technology ars nprsAsprt irba sebyi

based on their microbeam probe technology (Figure 15). ars l as eaaemcoer sebyi
based onfigurationof theik sr maickibemprbetec nolgy ( e 1. required for each side of the die. Only die with peripheral
The configuration of the socket is for making contact to

bare die, without the use of a carrier. Bare die are placed bond pads may be used. Initial alignment is made by

directly into the sockets, face down, where scrubbing mounting each of the four microbea .assemblies on the
styl cotactis ade y te idepedenly cmplant burn-in board and aligning each to the die. After onestyle contact is made by the independently compliant

probes in the socket. Rough alignment of the die is made alignment, the microbeam assemblies do not need further

mechanically by a machined chip guide and fine align is a alignment. The die are mounted into the die sockets face

manual optical operation. The die is held in place by a down using a mechanical/manual optical alignment
spring clip and pressure plate, which also serves as a het system, and the die are held in place using an integrated

sink. These microbeam sockets are directly mounted on spring clip/heat sink. Die may be placed into and re-

the test and bum-in boards, where they remain, while bar moved from a test socket at the socket site, and an

die are inserted and removed. California Contacts is in assembly station for loading die into multiple site bumrn-in

development of this system, and they are currently under boards is available.

contract to produce a small quantity of sockets and burn- The condition of bonc --ads after use is expected to be
in boards. California Contacts relies heavily on subcon- similar to those after conventional probe. This technology
tracting to sioply components for their 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.

TrA DES:fIFTno

California Contacts plans to use their microbeam uAFsS L

conductor and contact system to provide a controlled
impedance interconnect environment in die sockets, Readiness Category:
which are mounted directly on a tester load board or burn- Trs technology is in developmen A customer has
in board. The microbeam contact system provides begun placing orders with California Contacts for bare die
controlled impedance to within mils of the IC bond pads, burn-in boards. Product qualification is anticipated based
and allows for user selection of contact metallurgies. on prior experience with probe card products from
Electrical contact is made with traditional scrubing California Contacts.

,ar,,,•Spring Load
X" Pressure Plate

5,

a1; Chip

/
IndiMdually sprng cantilevered controlled impedance contact
fingers with choice of contact material

Figure 15. KGD Concept
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Calffomia Contacts

Equipment status: NoNcomiLuNcE wrrH TECHNOLoGY AssEsSMNT

All equipment needed for fabrication of the compo- Guwr~'s

nents of this technology is in place at subcontractor The probe card based technology is limited to use
facilities or at California Contacts. Assembly of the die with die which have peripheral bond pads with a pitch of
into test sockets or burn-in boards may be performed 8 mils or greater. Development plans call for an approach
manually, but the normal lead time for this product allows which will allow California Contacts to meet the TAG
for design and production of a customer specific insertion High I/O limits of 6 mil pitch and 75 micron pads.
and removal station. This design is specific to the The current approach calls for mechanical alignment
particular bum-in boards used by each customer, due to of the die which will require a high precision wafer saw
the direct insertion of die into the sockets on bum-in process.
boards. The California Contacts technology was not penal-
Process status: ized for die size, although there are some concerns as to

The assembly/disassembly is a direct insertion and how very small die might be handled and aligned (TAG

removal. No other die processing is required. The guidelines say that the technology will accommodate 50

process for fabrication of microbeam contacts has been in mrl die).
place for probe card production and is well established.

Capacity issues: POCESS FLOw DESCREION

A 6 to 8 week lead time is required for microbeam, 1.0 Begin with bare die on wafer tape or in waffle
socket, and board design and fabrication. Following this packs
period, California Contacts is capable of delivering 5 to 2.0 Assemble and align Microbeam contacts on load
10 multiple site burn-in boards per week. board and burn-in boards.

Qualification issues: 3.0 Load die and board into optical alignment station.

Although the microbeam probe contactors have been 4.0 Align and place die into sockets on board.
used for years and have demonstrated reliable probe life
of over one million touchdowns, no specific qualification 5.0 Apply spring clip/heat sink to hold die in place.
of the KGD carrier/socket has been performed. This will 6.0 Bum-in die.

be performed in conjunction with an initial order (already 7.0 Remove die from burn-in boards.
pending). 8.0 Load and align die in test load board

9.0 Test die in tester load board.

ALIGNMENT MEreOr 10.0 Remove Spring clip/heat sink.

Rough mechanical placement is followed by manual 11.0 Remove die from tester load board.
optical align. 12.0 Place die in delivery packaging.

CONTACT MECHANISM ADVANTAGES

Proprietary microbeam contactor mechanism uses • Scrubbing action may enhance contact reliability.
individual cantilevered beams for compliance and • Contact mechanism proven at ambient conditions in
scrubbing. probe cards.

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

Impedance controlled interconnect is provided in this • Quick mechanical align possible for precision sawn
carrier-free technology. Bare die are placed directly in die.
burn-in board sockets. - User selectable metallurgy at probe tips.
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California Contacts

DISADVANTAGES COST

"* Technology is pitch limited. Cost Factor Comment Cost

"* Currently no methodology for maintaining die
placement during assembly if alignment must be Wafer Processing $
made using vision (rather than mechanical) system. Materials Cost/Use Probe tips require more $$

"* See also NoNcomPINcE wrm TEcHNoLoGY AssEss- maintenance than average

im"iN GumuLm.s Assembly, $
Disassembly

CCONCERNS MCC Cost Judgement

"* Scrubbing action over temperature excursions may
introduce unacceptable amounts of pad damage for COMMvmr
final assembly application. Possibility for placement of "micro-fabbed" capaci-

"* Alignment directly to load board or bum-in board tors very near the pad contact points. Pad pitch down to

may be difficult. 3.8 mils planned. Note die load directly onto bum-in

"* Probe tips may require more maintenance than boards or load boards.

average. Cleaning may shorten life of probes.
Suwpum BusrEss INFoRmAToN

EQuIPMET rrR fUM • California Contacts
1118 Walsh Avenue
Santa Clara, CA 95050

Assembly station Unknown Unknown (408) 986-0930

EQuIPMENT DESC~iPION FOR AuTOwATE PROCESS -Primary Business: Test fixtures for electronic

The pick and place system would require a robot with components
four degrees of freedom and two end effectors. The * Total Employees: 3
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 CONTACT

would be required. Chip inversion could be performed by Gorge Isaac
using a reversible chip transport tray which could be PHONE: (408) 986-0930
flipped to present the back side of chip prior to compo-
nent acquisition . If chip inversion is performed after FAX: (408)986-9841
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.
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Supplier: California Contacts I Method: Micro Beam sockets
TAG Requirements Specification Meets TAG. Weight Score
Device Type Ruls_ o 0
BiPolar Accept Y 2 2
CMOS Accept Y 3 3
BICMOS Accept Y 2 2
Si On Insulator Accept V 11
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
i.ogic 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-SOOK mil2 Y 2 2
max. aspect ratio 3 to I 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.Oinm variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted AI, Au, Solder Y 2 2
Metallurgy Changes required NO change in quality/reliabiity 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 I 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 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 1 3
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Supplier: California Contacts Method:lMicro Beam sockets
TAG Requirements Specification Meets TAG?. Weight 1 Score
Rc compatible w/ bandwidth YES Y 3 3
Backside electrical connection !YES I Y -3 3
Pin 1 Identifier provided IYES Y 3 3
Contact passivaion wells up to 1.5 pm YES V 3 3
Contact passivaion wells up to 8.0im IYES 2 0

Test & Bum In - General Rules Subtotal; 1 0 1 21
Low IMO Test Rules 0
Carrier Operation Temperature 0-1250C Y 3 3
Contact Resistance < 0.50' Y 3 . 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 I0
Pad metallization accepted(AJAu,Solder) ALL Y 1 1
Min. pitch 200prm Y 3 3
Min. pad dimension 100 lwn Y 3 T 3
Char. Impedance 500±10% Y 2 2
Bandwidth 500 MHz Y 2 I 2
Power handling capacity 3W/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3I

Low I/O Test Rules Subtotal 0 24
High 1/O Test Rules 0
Carrier Operation Temperature 0-1250C Y 3 3
Contact Resistance s 0.5 Q Y 3 I
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 150tim N 3 0
Min. pad dimension 75 Ipm N 3 0
Char. Impedance 500 ±10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 10WIcm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

High I/O Test Rules Subtotal 0 18

Burn In Rules 0
Die Temperature max 1750C Y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance < 0.5 Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 200prm Y 3 3
Min. pad dimension 100 pm Y 3
Power handling capacity 3 W/cm2 - 1 OW/cm2 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 IYES Y 3 3
Ilnspetion YES_0

Allow optical inspection of device YES Y 2 ] 2

TOTAL SCORE ___ 0 159
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Fresh Quest

FRESH QUEST CORPORATION

Quest Chip Carrr (QC2) and Probe Card

GENERAL INFOtMAON be used for bum-in and test of die with peripheral bond

Fresh Quest has proposed two approaches to the pads and pitches of 5 mil or greater. Pitch capabilities of 4

KGD problem; the first is a carrier approach called the mil are targeted for 1994. The carrier itself consists of a

Quest Chip Carrier (QCI), the second is a probe card with die contact assembly, a carrier assembly, a chip support

controlled impedance and high operating temperature. plate, and a spring clip which holds the assembly together

This document describes the carrier approach. and applies contact force. Alignment may be done with a
The ues Chp Crrir (Q2) s amemer f amachined alignment plate, which requires precision sawn

The Quest Chip Carsier (QCd ) is a member of a die, or with a machine vision system. The die assembly is
family of products based on the "Photolithographic burned-in and tested using existing equipment. Disassem-
Pattern Plated Probe" (P4) technology developed by bly simply involves removal of the spring clip. Damage
Fresh Quest Corpoaton. This is a temporary carnier to die bond pads is expected to be minor and probably the
approach, using a thin film membrane and the P4 number of uses will be moderate to high.

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. READD(ESS LEMV

Thermal management is provided by a chip support plate Readiness Category:
which serves as a heat spreader. Fresh Quest is now alpha The Fresh Quest carer is in alpha test In addition to
testing the QC carriers in cooperation with a chip internal evaluation of this product by Fresh Quest,
supplie National Semiconductor and NEC are providing beta test

evaluation of the die carrier technology. Sample parts in
TECNCAL DEscRwnON small quantities will be shipped to National and NEC in

1he Quest Chip Carrier (QC2) uses a proprietary Q4 93. Following the evaluation and characterization of
interconnect and die contact mechanism. The carrier may these carriers, each plans to use these corners to produce

small quantities of known good die in pilot production.

-- Spring Equipment states:

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

Contact 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

Carrier refinement, testing, and characterization of the QC2 die
SAssembly carrier. Specialized fixtures for building, loading, and

Chip testing carriers are being developed, in addition to probe

cards.
hip Support Capacity issues:

Plate
Fresh Quest moved into a new 21,000 square foot

facility in November 1993. This facility contains appro-
Figure 16. Exploded View of Carrier priate equipment and facilities for the design and produc-

68



Fresh Quest

tion of probe cards and die carriers. This facility will 11.0 Visual inspection of chip.
provide capacity for initial production and ongoing R&D 12.0 Chip loaded into shipping container.
activities.

Qualat issues: PROcEsS FLOW (orncAL AuGN)

Product testing and qualification is underway in Begin with sawn wafers on tape.
conjunction with beta test sites. 1.0 Be cin pi ck up of chi p .

2.0 Vacuum pick up of chip.

Aligment Method 3.0 Chip placed on chip support plate.
4.0 Chip aligned to carrier/contact sub assembly.

A machined alignment plate or machine visionsystem is used. 5.0 Spring clip aligned and assembled with chip
carrier.

6.0 Burn-in.
Contact Mechanism 7.0 Test.

Proprietary contact assembly, uses scrubbing to 8.0 Load carrier assembly into unload fixture
penetrate oxide. 9.0 Draw vacuum and remove spring clip

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

Proprietary die pad contact mechanism is used in 11.0 Visual inspection of ch,.p
combination with flex Circuit. 12.0 Chip loaded into snipping container

NONWOMnIANCE Wr TECHNOLOGY AssESMENT
Gumn ADVANTAGES

The current approach calls for mechanical alignment - Scrubbing action may enhance contact reliability.

of the die which will require a ',!"h precision wafer saw * Better than average compliance for reliable contact
process. to nonplanar die.

The Fresh Quest technology was not penalized for * Quick mechanical align possible for precision sawn
die size, although there are some concerns as to how very die.
small die might be handled and aligned. (TAG guidelines
say that the technology will accommodate 50 mil die). DISADVANTAGES

- Currently no methodology for maintaining die

PROCESS FLOW (MECHANICAL ALIGN) placement during assembly if alignment must be

1.0 Begin with sawn wafers on tape. made using vision (rather than mechanical) system.

2.0 Vacuum pick up of chip. - See also NONCOmaLANCE wrrH TECHNOLOGY ASSEss-
3.0 Chip inversion. •rr GumEiNES

4.0 Chip loaded into carrier using precision alignment
plate. CONCE-NS

5.0 Chip Support plate installation. * Scrubbing action over temperature excursions may

6.0 Bum-in. introduce unacceptab1l qrnounts of pad damage for

7.0 Test. final assembly app'
• Frequency and meth,, cleaning contacts is

8.0 Load carrier assembly into unload fixture. Frqunc
unknown.

9.0 Draw vacuum and remove spring clip. * Tchnology may be pitch limited.

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

E mNT R E I _M_ SuPuut Bus mss ImFolmAToN

Item Cost Throughput • Fresh Quest Corporation

Assembler/ 531 E. Elliot Rd., Suite 120
Disassembler $170K 2K/hr Chandler, AZ 85225-1118

Pick & place system $150K 2K/hr (602) 497-4200

EQunmw, r DEscRwnoN FOR AuToMAT PtOCSS * Primary Business: IC test fixtures
•Total Employees: 70 including Fresh Test

The fully automated die load and unload station is

based on a robotic work cell initially designed for accu- * 1992 Sales: Currently funded by Fresh Test

rate placement of die in MCMs. A reversible chip
transport tray is used to present the back side of die prior CONTAcr
to component acquisition. Tandem upward-facing and H. D Hig
downward-facing cameras coupled with pattern recogni- PHONE: (602) 497-4200
tion capabilities are used to automatically align flipped FAX: (602) 497-4220
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.

CosT

Cost Factor Comment Cost

Wafer Processing $

Materials Cost/Use $

Assembly, $
Disassembly ____________

MCC Cost Judgement

COMMErNS

Fresh Quest is working on both a mechanical align-
ment and a machine vision alignment system at the same
time.
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Supplier: Fresh Quest I Method: QC/2 _

TAG Requirements Specification Meets TAG? Weight Score
Device Type Rubes _______ ___ _____ 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 T Y 1 1
Analog Accept T Y 2 2
Digital Accept I Y 2 2
Mixed Accept Y 2 2
Memories Accept I 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 mi2 Y 2 2
max. aspect ratio 3 to 1 Y 1 1
rmin. 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
PlanadW/: Pad to pad height variation up to 1.Ogin 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 I 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
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 Subtotal _ 0 2
Test & Bum In - General Rules 0
BIST Capable YES Y 3 3
Basic function test YES y V 3 3
simulation/connection IYES y Y 3 I 3
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Supplier: Fresh Quest Method: QC'2V
TAG Requirements Specification Mfeets TAG? Weight Score
Rc compatible w/ bandwidth YES Y 3 3
Backside electical connection YES Y 3 3
Pin 1 Identifier provided YES Y 3 3
Contact paesivaion wells up to 1.5 im YES Y 3 3
Contact passivalon wells up to 8.0 pmn YES 2 0

Test & Bum In - General Rules Subtotal 0 21
Low 11O Test Rules 0
Carder Operation Temperature 0-1250C Y 3 1 3
Contact Resistance < 0.5 Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 2001jm Y 3 3
Min. pad dimension 100 I±m Y 3 3
Char. Impedance 50 ±10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 3W/cn'2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

Low I/O Test Rules Subtotal 0 24
High I/O Test Rules 0
Carrier Operation Temperature 0-1250C Y 3 3
Contact Resistance !9 0.5 Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 150inm Y 3 3
Min. pad dimension 75 Irm Y 3 3
Char. Impedance 50Q±10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 1OW/cm2 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 1750C Y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance < 0.5 Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AJAu,Solder) ALL Y 1 1
Min. pitch 2001Im Y 3 3
Min. pad dimension 100 Iun Y 3 3
Power handling capacity 3 W/cm2 - IOW/cm2 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

Inspection 0
Allow optical inspection of device YES Y Y 2 I 2

0

TOTAL SCORE I i_0_165
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IBM (Dendrites)

IBM
Dendrite Carrier

GEauAL 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.

TECWcAL DESCRxJnoN

The IBM dendrite carrier is a mechanical intercon- Figure 17. IBM Dendrite Carrier

nection system using dendritic structures on the die
carrier and a unique clamping methodology (Figure 17). the carriers are then disassembled by reversing the torque
The initial qualification will cover die up to 13mrm x of the screw in the clamp top, the clamp top removed, and
13mm, with up to 2000 total C4 solder bumps. The the die is extracted from the carrier. The die is t:=
carries are ceramic pin grid array (PGA) carriers ranging reflowed to reshape the solder balls and then visually
from 24mm x 24mm to 50mm x 50mm and are compat- inspected. The number of uses per carrier is expected to
ible with existing test and buri-in equipment to address be moderate with no rework and high with rework. The

the compatibility requirements associated with those carrier requires only an IPA wash in-between uses.

process steps.

The ceramic carriers are processed through a series of READPNE EvEL
plating steps which result in the creation of a palladium Readines Category:
dendritic stucture on the contact pads of the carrier. The
die are supplied with C4 solder bumps and are aligned The IBM dendrite approach is in alpha test. This
and placed on the carrier so that the C4 solder bumps product has passed feasibility testing, and initial qualifica-
contact the dendritic "fingers" on the carrier. A slight tion testing is due to begin immediately.
pressure is applied to the back of the die to lightly embed Equipment Status:
the fingers into the solder bumps. The clamp top subas- Equipment for producing and plating the carriers is in
sembly is then placed and locked into the base carrier place at IBM. A chip placement system for automated
assembly. The force required to place the C4 bumps into alignment and placement of the die into the carrier and
intimate electrical contact with the dendritic fingers is subsequent clamp top placement and assembly is not yet
supplied by applying a given torque to the center screw in available. This operation may currently be performed
the clamp top subassembly which transfers a vertical manually, with an optical microscope station for manual
force to the backside of the die. A gimbal design within anuall, wino m icrcop a tignm for m anual
the top subassembly insures that the clamp is planar with alignment, or using mechanical alignment methods.
the backside of the die prior to the compression step. A Process Status:
sjxing in the gimbal design insures that the contact is The carrier dendrite plating process is proprietary to
maintained throughout the bum-in and test procedures. IBM, and is fully developed. The die to carrier assembly
This assembly is then subjected to bum-in and test, and
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BMW (Dendrites)

process is also fully developed, although there is no implies that the die be provided to IBM in wafer formal
automatic assembly equipment currently available. Contact IBM for details.

Capacty Lww: 2.0 Incoming visual sample inspection.

Production capability for dendrite plated ceramic 3.0 C4 die placement on bum-in carrier.
carriers, for the purposes of KGD production, are virtu- 3.1 Mechanically or visually orient die on carrier.
ally unlimited. 3.2 Apply slight force to backside of die to seat C4

Qualification Issues: on dendritic fingers.

IBM is currently in the initial stages of product 4.0 Assembly of clamp top.
qualification for this KGD riethod. 4.1 Place clamp top subassembly in clamp base

subassembly.

Au.uNMEN'r METHOD 4.2 Lock top subassembly into base subassembly.

Alignment of the die to carrier may use either a 4.3 Apply required vertical force to backside of die
mechanical or optical system. by applying torque to top subassembly center

screw.

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

Plated dendrites on the carrier contacts are mechani- 6.0 Remove carriers from bur-in board sockets, place
cally held in contact with the C4 solder balls of the die, into tester socket & test.
with the dendrites penetrating the surface of the solder.

7.0 Remove clamp top subassembly.

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

Priprietary dendrites provide good contact to C4, or 7.2 Unlock top subassembly from base subassembly.
other solder bumps, with much higher number of uses per 7.3 Vertically lift top subassembly away from base
carrier than with IBM R3. subassembly.

8.0 Remove die from carrier using proprietary removal
NoNCOMPLuAcE wrrH TECHNOLOGY ASSESSMENT tool
Gumc~um 9.0 Die bond pad reflow.

The IBM dendrite technology is limited to use with 10.0 Outgoing visual sample inspection.
die which have solder bumped bond pads. 11.0 Load die into package for delivery to customer.

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

"* Additional wafer processing required (solder- ADVANTAGES

bumping). • Piercing action may enhance contact reliability.

"* Cannot accommodate incoming Au bumped die: * Die held in place by carrier contacts during align and
Dendrite process not defined for use with Au clamp.
bumps; C4-bumping process requires aluminum • Clamp top subassembly has an integral heatsink.
pads as initial surface. o Clean of dendrites between uses is accomplished with

a simple wash.
PRocEsS FLow DESCR OTON

1.0 Begin with singulated C4 bumped die. DISADVANTAGES

Most IC fabrication facilities are not equipped to S See NONCOMPLANCE wrH TEcHNOLOGY AssEsSMENr
provide solder bump processing on their products. IBM GumDELN.

is equipped and accustomed to performing this task. This
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CONCERNS COMMENTS

Selection of this technology means that wafers must
be solder bumped which limits final assembly SupLmR Buswmss IlFO•1Tm
options. Defects also may be introduced. If preferred
final assembly requires solder bumps (e.g., C4), then I Ol Business Machines Corporation
the cost of wafer bumping is value added. Old Orchard RoadArnnonk, NY 10504

(914) 765-1900
EQWPmfN REQUnM_

Item Cost Throughput • Primary Business: Electronics, Computers

Chip placement system • Total Employees: 300,000

Clamp assembly/ • 1992 Sales: $64.6B
disassembly system

C4 Solder reflow system CONTACTS
Flux removal system(unless an H2 reflow s ste d Technical questions: Gary HillDept. N39, Bldg. 962-2

1000 River Road
EQuIPENT DESCRIPION FOR AuTOMATE PROCESS Essex Junction, VT 05452.4299

The die placement system would use either a me- PHONE: (802) 769-3449

chanical or a vision based system for alignment of the die FAX: (802) 769-1249

to carrier within the needed tolerance. Vertical force
sensing and control for die handling would be required. Licensing: Mike Krueger
The carrier assembler would insert the clamp top subas- Dept. N80, Bldg. 962-1
sembly into the base subassembly, lock the top subassem- IBM Corporation
bly into place, and apply the required torque to the top 1000 River Road
center screw. The disassembler would reverse the torque Essex Junction, VT 054524299
process, unlock the top subassembly, remove the top PHONE: (802) 769-3356
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 OEM Services: Don Swietek

reflowed in nitrogen, necessitating a flux application Dept 585, Zip 92E 1580

system, or reflowed in hydrogen without flux. IBM Corporation
Route 52
Hopewell Junction, NY 12533

CosT PHONE: (914) 892-5583

Cost Factor Comment Cost

Wafer Processing Solder bumps $$

Materials Cost/Use $

Assembly, $
Disassembly

MCC Cost Judgement
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Supplier: IBM Method: I Dendrites I
TAG Requirements ISpecification i Meets TAG? Weight hScore
Device Type Rulefs _I , 0 _

BiPolar Accept y 2 2
CMOS Accept Y 3 3
BICMOS Accept V 2 2
Si On Insulator Acept I y 1 1
GaAs Accept _ _Y 1 1

Analog Accept V 2 2
Digital I Accept Y 2 2
Mixed Accept y 2 2
Memoies Accept y 2 2
MPUs 7Accept Y 2 [ 2
DsPs jAccept I YV T 2 2
Logic ]Accept A Y 2
Gate Arrays lAccept Y 2 I 2
ASICs IAccept Y 2 2
Peripheral bond pads JAccept V 2 2
Arry pads lAocept V 2 2
Bumped die Accept N 2 0

Device Type Rules Subtotal, 0 31
Wafer/ile Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max. aspect ratio 3to I Y 1 1
rin. size tolerance _ _0_.5 mils or larger Y 2 2
die thicknes 110 - 30 mils Y 2 2
mnin. thickness tolerance ±1.0 mils Y 2 2

Wafer/Die Size Rules Subtotal 0 9
Interconect Rules pto10nvrain0

Planar. Pad to pad height variation up to 1.OY~m variation V 2 2
IC Pad planty 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

S~0
Wafer Fabrication Rules ' __0

Change or Impact Required NO change N 3 0
_ __0 0

Wafer I 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 i0

Impact on current practices NO change to practices y Y 2 [ 2
Accuracy required for edge placement of d, Does NOT require +/- 0.5 mils Y 2 [ 2

Wafer Mount & Saw Rules Subtotal 0 4
Test & Bum In - General Rules r 0
BIST Capable YES Y 3 3
Basic function test IYES Y 3 3
simulation/connection IYES Y 3 3
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Supplier: IBM Method: Dendrites I
TAG Requirements I Specification Meets TAG? Weight 1 Score
Rc compatible wi bandwidth YES Y 3 3
Backside electrical connection YES Y 3 3
Pin I Identifier provided YES Y 1 3 1 3
Contact passivalon wells up to 1.5 pn YES y 3 3 3
Contact passivalon wells up to 8.0 lmn YES 2 0

Test & Bum In - General Rules Subtotal i 0 21
Low VO Test Rules 0 _

Carrier Operation Temperature !0_1225 0C NY i 3 3
Contact Resistance 0.5•Q Y 3 3
Min. Clock Freq 100 MHz N'Y 2 2
Pad contact (Peripheral, array, both) 1 Both Ny 2 2
Pad metallization accepted(AI,Au,Solder) AILL N 0 1 0
Min. pitch 1200pm NY 3 3
Min. pad dimension 100um Y 3 3
Char. Impedance 50L-..10% Y 2 2
Bandwidth 50n MHz NY 2 I 2

Power hpndling capacity 3W/cm2 NY 2 2
Min. number of touchdowns d die 2 NY 3 3

Low VO Test Rules Subtotal _ __ 0 25
High IKO Test Rules _ _0

Carrier Operation Temperature G-1250C NY 3 3
Contact Resistance s 0.5 0 I Y I 3 3
Min. Clock Freq 1100 MHz YN 2 2
Pad contact (Peripheral, array, both) I Both Y 2 2
Pad metallization accepted(AI,AuSolder) ALL N 1 0
Min. pitch i150pm Y 3 3
Min. pad dimension 175 gm Y 3 3
Char. Impedance 1500:10% /Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 1 OW/cm2 Y 2 2
Min. number of touchdowns / die 12 Y 3 3

High VO Test Rules Subtotal _ _0 25
Bum In Rules _ _0

Die Temperature max i 750C Y 1 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance ; 0.5 D Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AI,Au,Solder) ALL N 1 0
Min. pitch 200prm Y 3 3
Min. pad dimension 100 pm Y 3 3
Power handling carpacity 13 W/cm2 - 1OW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

Bum In Rules Subtotal 0 1 24
Pack & Ship Rules__ 0 1
per JEDEC KGD specification YES Y N 3 3

0
Inspection 0

Allow optical inspection of device IYES N 2 2
S~0

TOTAL SCORE 1 0 165
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MGCC

MICROELECTRONICS AND COMPUTER
TECHNOLOGY CORPORATION

TAB Based KGD Carrier

GEmi•a INORMAON The approach adapts a TAB tape frame to provide an

The Microelectronics and Computer Technology "interposer" contacting mechanism which is usable with

Corporation (MCC) has developed a known good die JEDEC standard TAB slide carriers and sockets. The

technology. The technology was developed within a adaptation involves plating the tape with metals which

separate project, independent of the KGD project and is will not have undesirable interactions with the chip bond

being transferred to participant companies. This approach pads during burn-in and bending the inner leads upward.

is based on the use of TAB tape frames with additional The bent leads are embedded in silicone elastomer, which

plated metallurgy at the inner lead bond sites to form holds the tape in the bottom half of a "clamshell" struc-
tureadpridsasrnaconcopine d

temporary carriers. An adaptation of a regular TAB slide and provides a spring action, compliance, and

frame carrier is used to hold the tape and die, with a scrubbing under z-axis deflection. The carrier includes a

clamshell f'xture providing normal force through a pedestal against which the die is pressed; this controls the

clamping action (FIgure 18). The contact mechanism is a amount of z-axis deflection. The top of the carrier is

temporary scrubbing contact, and alignment is performed snapped into place, and the die assembly is handled as a

by a standard flip chip aligner/bonder. Thermal manage- chip on tape for test and bum-rn.

ment is provided by the clamshell spring clip which acts No degradation in carrier materials was noted after
as a heat spreader. This technology is currently being five burn-in cycles (168 hrs/150°C); it is likely that the
transferred to participant sites, and is considered t- be average number of uses per carrier be at least 10. Chips
under development have been shown to be wire bondable even after bum-m

in a noninert atmosphere. Wire pull strengths were
identical to chips which had not been burned-in.

TECNIAL DESCRIPTION

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

Hole in spring clip for bonder hP',d
access and supplementary cor
pressure or thermal management TAB tape ILB Fingers,TAB Slide Carrier (TOP) Sp i Clip TAbentup at 45 degrees

TAB Slde Carier TAB Tape Thermal grease (if needed)
(Polymidrrve)/,

(Bottom) Silicone Adhesive bead provides spring action

Backing Plate (plastic for low power, AJ for high power)
with pedestal to control chip "overdrive, against contacts

Figure 18. MCC Clamshell KGD Carrier
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Equipment Status: It is assumed that the TAB tape will be single level and

This KGD method requires a s d therefore unable to achieve 50 ohm controlled impedance.

aligner/bonder and common TAB handling equipment.
No automatic disassembler equipment exists. PRocEss FLOw DFSCRIPTION

Process Status: 1.0 Begin with die on wafer tape (sawn) or in waffle pack

No wafer processing is required, and the carrier type packaging.
assembly/disassembly is a manual operation. Fabrication Assembly
of the carriers involves additional plating steps on 2.0 Place die, TAB tape test and burn-n carrier, and top of
standard TAB tape, depositing a silicon elastomer bead, clamshellD " 7L chip aligner/bonder station.
and machining the clamshell structure. These processes 3.0 Align die 1O to zocket and press down against pedes-
have been developed and demonstrated. ta.0

Capacity Issues: 4.0 Press top of clamshell down onto bottom half.
This technology is currently being developed at two Disassembly

sites, but no production capacity is in place yet. MCC is
capable of prototype quantities only. 5.0 "Decipping" tool opens clamshell and presents die for

Quawcation Issues: removal.
6.0 Use vacuum handler to remove the die and place inThis technology has been extensively investigated at delivery packaging.

MCC, using both a 216 lead device at 6 mil pitch, and

one 328 lead device at 4 mil pitch. Contact resistances are
approximately 20rmo These resistances do increase ADVANTAGES
during burn-in, but remain below the 100 nQ limit, and - Scrubbing action may enhance contact reliability.
may easily be recovered by rescmubbing. Specific qualifi- • Better than average compliance for reliable contact to
cation plans will be the responsibility of vendor sites. non-planar die.

- Assembly clamping mechanism is integral to die
AUGNMENT METHOD alignment and placement so that die position is

Alignment is currently manual optical, but may be maintained during assembly.
mechanical in the future. • Access to back of die (75% exposed) may facilitate

thermal management

CoNrACT MECHANISM • Uses existing TAB tape slide carriers.

Metallic probe fingers provide scrubbing action. • No clean of contacts is required.

KEY FUTURES DISADVANTAGES

Adaptation of TAB tape uses JEDEC standard TAB * Relatively low number of uses per carrier/intercon-

slide carriers and sockets. nect.

* Assembly/cycle time expected to be lower than

NoNcowucE wrm TmcmoroxY ASSESSMENT average.

Gum emIs * See also NONCOMPUANCE wrn- TEcHNOLOGY Asssss-
MENT Guuie&s.

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

"* TAB approach means that die with area array pads CONCERNS

cannot be burned-in or tested * Scrubbing action over temperature excursions may

"° Process not designed to convert from array to introduce unacceptable amounts of pad damage for

peripheral bond pads. final assembly application.
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EQupmNT REQRuRE COST

Item Cost Throughput The costs were determined by the MCC Flip-chip
(cycles/ir) project participants. Tape tooling is $7.5K - $9K and 8 to

Flip chip aligner/bonder $250K(auto) 750 (auto) 10 week lead time. This cost includes the first 1000 tape

$50K(manual) 120 (manual) sites. "Clamshell" tooling cost is approximately $5K,
with 2 - 5 week lead times. After this the consumables

lecipid fir cost is approximately $2 to $4 per chip (depending on
limited by /0) 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.
EQUIPmENT DESCcRwToN FOR AutroMAm PRocmss Cost Factor Comment Cost

The flip chip aligner/bonder system would require a

robot with four degrees of freedom and a custom end Wafer Processing $
effector. The system would require a vision system with
pattern recognition capabilities and for use in registering Materials Cost/Use Low number of uses
the die to the carrier within the needed tolerance. Vertical Asmbly, Assembly method and
force sensing and control for die handling would be Disassembly potential damage
required. Chip inversion could be performed by using a MCC Cost Judgement
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 COMMEMN

acquisition, the pick and place system must have two MCC is inserting this technology into production,
robot arms. One robot arm must acquire and rotate die, with one chip supplier (Harris Corporation) and one chip
while the other arm must retrieve the die from the back user (Hughes Aircraft Corporation) evaluating this
side. technology for internal use.

SuppLiER Butsm-ss INFORMATON

Commercial access to the MCC TAB tape-based * Microelectronics and Computer Technology
KGD carrier is possible in two ways: Corporation (MCC)

1. Through purchase of KGD from Harris Semiconduc- 3500 West Balcones Center Drive

tor, who is a licensee and user of the MCC KGD Austin, TX 78759-6509
carrier technology. (512) 343-0978

2. Through a single-client service contract with MCC
wherein MCC: * Primary Business: Electronics research

- designs and builds the carriers for the customer • Total Employees: 317

- inserts the devices to be tested * 1992 Sales: $44M

- procures appropriate TAB test/bum-in sockets

- designs and procures test DUT boards and/or bum-in CoNTAcT
load boards or adapters Rick Nolan

- subcontracts test and/or bum-in to a commercial test PHONE: (512) 250-3016
house FAX: (512) 250-2893

- removes the devices from the carriers

- delivers both "passed" and "failed" devices to the
customer with test results data.
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Supplier:NMC Method:! TAB Based Carrier
TAG Requirements I Specification 'Meets TAG?! Weight Score
Device Type Rules Ae0
BiPolar AcceptY 2 2
CMOS Accept y F-3 3

BICMOS Accept 1 Y F 2 2
Si On Insulator Accept 1 1 1
GaAs [Accept 1 Y r 1 1 1
Analog IAccept Y V 2 i 2
Digital Accept Y 2 2
Mixed [Accept Y 2 2
Memories _Accept _ _Y__ 2 __2

MPUs Accept i Y 2 2
DSPs Accept y V 2 2 2
Logic [Accept j Y 2 2
Gate Arrays [Accept Y 2 2
ASICs IAccept Y 2 2
Peripheral bond pads Accept Y 2 2
Army 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 3 to 1 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 1.0lm 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

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 2Accuracy required for edge placement of di Does NOT require +/- 0.5 mils Y Y 2 7 2

Wafer Mount & Saw Rules Subtotal; _ 0 __4

Test & Bum In - General Rules 0
BlST Capable YESV y i 3 3
Basic function test YES V Y 3 3
simulation/connection !YES Y 3 31
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Supplier:ýMlCC Method: !,TAB Based Carrier
TAG Requirements Specification Mfeets TAG? Weight Score
Rc compatible w/ bandwidth YES y 3 3
Backside electrical connection YES V 3 3
Pin 1 Identifier provided YES Y 3 3
Contact passivajon wells up to 1.5 prm YES ' Y 1 3 3
Contact passivaion wells up to 8.0 pm YES 1 2 0 0

Test & Bum In - General Rules Subtotal _ 0 21
Low 11O Test Rules 1 0 1
Carrer Operatior Temperature 0-1 250C I Y 3 1 3
Contact Resistance < 0.5 V Y 3 3
Min. Clock Freq 100 MHz V N 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 200jgm Y =3 3
Min. pad dimension 100 Jim Y 3 3
Char. Impedance 500 ±1_0% N 2 I0
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 22
High I/O Test Rules 0
Carrier Operation Temperature 0-1 250C Y 3 3
Contact Resistance •; 0.5 Q Y 3 i3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 150gm Y 3 3
Min. pad dimension 75 pIm Y 3 3
Char. Impedance 500 ±10% N 2 ]0
Bandwidth 500 MHz Y 2 2
Power handling capacity 1 OW/cm2 Y 2 J 2
Min. number of touchdowns / die 2 Y 3 3

High VO Test Rules Subtotal 0 22
Bum In Rules 0
Die Temperature max 1750C Y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance < 0.5 a Y 3 3
Min. Clock Freq. 120 MHz Y 2 2
Pad contact (Peripheral, array, both) [Both N 2 I0
Pad metallization accepted(AI,Au,Solder) IALL Y 1 1
Min. pitch 200pm Y 3 3
Min. pad dimension 100 pm Y 3 3
Power handling capacity 3 W/cm2 -1 UW/cm2 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

S~0

Allow optical inspection of device IYES Y 2 2

TOTAL SCORE I 0 163
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Micron Semiconductor, Inc.

MICRON SEMICONDUCTOR, INC.
KGDO-Tm

Gm ,,uL INIO UTMON version is expected to be made available in the first

Micron is currently testing their second generation quarter 1994. The high pin count version, fully automated

KGD technology, known as KGDP', which will enable version to be available at a later date.

production of higher I/O devices with a higher throughput Equipment status:
4 and lower cost per die than their Softool technology. The KGDP is a carrier based approach using either

Micron was unwilling to share specific details of their manual assembly or automatic assembly/disassembly
technology for this report. This document contains the equipment. Manual assembly equipment is available
information currently available. The KGDP system plans now, and Micron is working with equipment vendors to
are for a temporary carrier, with custom contactor assem- develop the necessary automatic equipment for this
blies to make contact to die bond pads. The nature of the process.
contact mechanism is unknown, as Micron is evaluating Process status:
several technologies for this purpose. Alignment is a
manual optical operation, with plans for automation. The KGDP"' process is not yet available for either

Thermal management will be a function of the carrier, purchase of die or for licensing. The only details of the
Micron is in the alpha test stage with this technology, with die-to-carrier assembly or disassembly that have been
plans for introduction of low pin count KGD products due revealed outside of Micron is that the die into carrier

in 1Q94. assembly is currently performed manually.

Capacity issues:

"TECHNCAL DESCiRrON As the technology is currently not in production,

KGDPIh is based on a family of reusable, socketable, Micron is not prepared to reveal their potential capacity.

universal carriers which address the requirements of low, Qualification issues:
medium, and high pin count devices. These carriers are Not enough is known about the KGDI carrier and
adapted for each part type using a contactor assembly contact mechanism to .,ake any assessment of quality
which is also reusable. Micron is planning to evaluate issues.
multiple contactor technologies for this purpose. Finally,
Micron is partnering with equipment and parts suppliers to
supply these components and the equipment required to AlGNMErT METHOD

handle them in an organized, product driven effort. Using A vision system is used to align the die to the carrier.
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 CONTACT MM

delivery to the customer. Several contactor technologies are still under evalua-

The number of reuses per carrier will depend largely tion.
on the contact technology selected, as will the condition of
the die bond pads after bum-in and test. However, as KEY F)FATURES
indicated at the May 1993 Supplier Forum, the amount of
damage done to the pads is a key concern in selecting the The key features of this technology are unknown.

connector (probe tip) technology.

NONCOMuANCwE wrH TECHNOLOGY AssEssmENT
REDMS GumnsELu

Readiness Category: Very little specific information is available regarding
this technology. Based on inputs from Micron, the

The KGIe" carrier is in alpha test. A low pin count technology will be unable to achieve 50 ohm controlled
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The Micron KGD+ technology was not penalized for • Frequency and method for cleaning contacts is
die size, although there are some concerns as to how very unknown.
small die might be handled and aligned.

EQUIPMENT REQUMED
PROCESS FLOw Item Cost Throughput

1.0 Begin with bare wafer on film frame, presorted and Assembler/Disassembler $1OOK to $500K Unknown
sawn.

2.0 Assembly in carriers EQurmENT iiilON FOR AuTmOMAT PROCESS

2,1 Load into automated assembler Assembler/disassembler installs die to and removes
2.2 Load Universal Carrers die from the universal carrier. Die will be picked from an

expanded wafer ring. Carriers will be indexed from an

2.3 Select program/align/set up assembler. elevator system. A robot with four degrees of freedom

2.4 Run production lot through assembler will be required to insert and remove the carrier lid. The

3.0 Burn-in parts in universal carriers. pick and place system must have two robot arms. One

4.0 Final test robot arm must acquire and rotate die, while the other ann
must retrieve the die from the back side. The system

5.0 Disassemble would require a vision system with pattern recognition

5.1 Load Carriers into assembler/disassembler capabilities and two cameras for use in registering the die

5.2 Set up/alignment/program selection to the carrier within the needed tolerance. Vertical force

5.3 Run production lot for disassembly sensing and control for die handling would be required.

5.4 Unload die to delivery package. Cost

5.5 Unload carriers

6.0 Package die for delivery to customer (If not already Cost Factor Comment Cost

packaged by disassembler). Wafer Processing $

ADVANTAGES Materials CostUse $

• Contact is believed to be nonscrubbing which may Assembly, $
minimize pad damage, assuming excessive force is Disassembo d
not required to overcome nonplanarity. MCC Cost Judgement

- Contact verified at assembly by built-in electronics. Colmwms

DisADvANTAGEs Surpum= Bu ss INFORmATON

"• Minimal information regarding this technology is * Micron Semiconductor, Inc.
available. Manufacturer claims indicate no potential 2805 E Columbia Rd.
disadvantages, but there is no supporting evidence. Boise, ID 83706

"• See also NONCOMPiACE wrrm TEcHNoOGY AssEss- (208) 368-4000
MENTGum•E•s. * Primary Business: Semiconductors

* Total Employees: 4,200

CONCERS * 1992 Sales: $320M

"* If contact is nonscrubbing, this may affect contact
reliability. CoNTACr

"* Mechanism for maintaining die placement during Jerry Johnson

assembly is unknown. PHONE: (208) 368-3958
FAX: (208) 368-3834
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Supplier: Micron Semiconductor Method: IKGD+ _

TAG Requirements 1Specification Meets TAG. Weight Score
Device TypeRues 0 0
BiPolar lAccept Y 2 2
CMOS JAccept y 3 I 3
BICMOS yAccept 2 2
Si On Insulator Accept Y 1 1
GaAs Accept Y 1 1
Anal•g jAccept y V 2 2

Digital Accept Y 1 2 1 2
Mixed Accept y 2 2
Memories Accept Y 2 2
MPUs Accept Y 2 2
DSPs Accept YV 2 j 2
Logic ýAccept V 2 2
Gate Arrays IAccept 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 3 to 1 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 I 2

Wafer/Die Size Rules Subtotal 0 I9
Interconnect Rules 0
Planarity. Pad to pad height variation up to 1.01pm 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 1
Change or Impact Required NO change Y 3 3

0

Wafer I 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 reqd Y 2 2
Probe contact to passivation NO probe contact Y 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y 3 4 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

Water Mount & Saw Rules Subtotal 0 4

Test & Bum In - General Rules 0
BIST Capable YES Y 3 3
Basic function test YE3 Y 3 3
simulation/connection rYES i Y 3 3
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Supplier:IMicron Semiconductor Method:IKGD+
TAG Requirements Specification Meets TAGO Weight Score
Rc compatible w/ bandwidth YES Y Y 3 3
Backside electrical connection YES I Y 3 I 3
Pin I Identifier provided YES 1 Y 3 I 3
Contact passivajon wells up to 1.5 Iam YES 1 Y 3 __ 3
Contact passivaJon wells up to 8.0 Wnm YES 1 2 0

Test& Bum In -General Rules Subtotal _ _ 0 21
Low I1O Test Rules _ _ 0
Carrier Operation Temperature 10-1250C 3 y F 3
Contact Resistance 5 0.5 Q Y 3 ; 3
Min. Clock Freq 100 MHz Y 2 ' 2
Pad contact (Peripheral, array, both) Both Y 2 __2

Pad metallization accepted(AI,Au,Solder) ALL Y 1 I_ 1
Min. pitch 200•m Y 3 3
Min. pad dimension 100 Y 3 3
Char. Impedance 50 ±10% / N 2 0
Bandwidth 500 MHz y 2 2
Power handling capacity 13W/crn2 Y 2 2
Min. number of touchdowns I die 2 1 Y 3 3

Low i/O Test Rules Subtotal 1 0 24
High I/0 Test Rules 1 0
Carrier Operation Temperature 10-1250C Y 3 3
Contact Resistance <5 0.5 ai 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 150Im Y 3 3
Min. pad dimension 75 I±m Y 3 3
Char. Impedance 50Q ±10% T N 2 0
Bandwidth 500 MHz T Y 2 2
Power handling capacity 1OW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

High I/O Test Rules Subtotal 0 24
Bum In Rules 0
Die Temperature max 1175-C, Y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance : 0.5 a. ! Y 3 3
Min. Clock Freq. 20 MHz Y 2 2Pad contact (Peripheral, array, both) Both Y 2 2

Pad metallization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch I200grn I y 3 3
Min. pad dimension 100 izm _ Y 3:_3
Power handling capacity 3 W/cm2 - 1OW/cm2 Y 2 2
Min. number of touchdowns / die 12 Y 3_1 3

Bum In Rules Subtotal _0 25
Pack & Ship Ruln 0
per JEDEC KGD specification 'YES Y 3 3

S~0
Insmxecumo 0

Allow opUca inspection of device !YES Y Y 2 2
_ _ _ _ _ _ _ _ _ _ _ _ _ _ 0 _ _ _

TOTAL SCORE __ _ _ 0 171
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PACKARD HUGHES, INC.
Membrane Probe Set

GEMLA INORMTION die. Packard Hughes is also investigating scaling this

Packard Hughes has a fine pitch thin film contactor technology to accommodate full wafer bum-in capability.

technology available which may be applied to the KGD The number of uses is expected to be high, assuming

market. The concept is a carrier with a Packard Hughes that a high temperature adhesive can be substituted for the

* contactor membrane for making contact to the die current one. The shape and composition of the probe tips
together with an elastomer backing, and a spring clamp are conducive to very minimal pad damage.

with a support platefheat spreader mechanism (Figure
19). The contact made by the membrane is an oxide READDES LEVEL
piercing temporary contact, and alignment is a manual
optical operation. Thermal management is provided by a Readiness Category:
chip support plate/iheat spreader. Packard Hughes could This technology is in development. Packard Hughes
have a product line available within one year, given the is prepared to provide custom designed KGD products,
right market situation. They are currently in development but does not have a KGD product line defined.
of this technology, capable of providing custom proto- Equipment status:
types designed to meet specific contract requirements.

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

mental stage. These components would be manually
Packard Hughes is considering applying their "Gold assembled for prototype quantities.

Dot" membrane probe technology to the known good die Process status:
problem. The probes can be configured as a traditional Packard Hughes is currently refining the materials
probe card or as contactors for individual die. The a ckare used icate the manerobe
membrane probe contacts offer long lifetimes and high proces used to fabriate the m bra ne probebandwidth impedance matching for sgafietyThy products, in order to increase the durability of this product

rsignal fidelity. They at high temperatures. The bum-in carrier product does
are capable of accepting small pitch (4 mil) high pin-coun deice, ad A, A, an SnPb etaliztio. m not exHbit thennal life problems, and the existingcount devices, and AL Au, and Sn/Pb metallizadon, in prcsis a abeo p ovdn KG
array or peripheral configuration, and bumped or manufacturing process is capable of providing KGD
unbumped forrat. This technology is still in need of
some development and qualification for use in providing CaPacity issues:
KGD, but the basic contacting technology meets the Packard Hughes has capital equipment and processes
general requirements for getting signals to and from the in place to produce medium volumes of custom designed

KGD carriers, but these would be assembled manually.

Spring CQualification issues:

rnp---\ Flex 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

Base performed to date.

ALIGNMEN4T METHOD

Alignment method is manual optical.
Elasto~mer

Figure 19. Single Chip Test Socket
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CoNTACr CA M * Contact mechanism proven at ambient conditions in

Contact is made with proprietary gold dot contacts. probe card technology.

KEY FEATURES DISADVANTAGES

Proprietary interconnection membrane uses gold dot See also NONCOMPLIACE wrrH TEcioLooy Assss-

contacts. MENr GumEjn-Es.

NONCOMPUANCE WITH TECHNOLOGY ASSEMENT CONCERNS

Gun)EUlES * Nonscrubbing action may affect contact reliability,

The adhesive currently used in forming the interface although fine point may offset this.

between the interconnect and probe tips will not survive * Mechanism for maintaining die placement during
bum-in temperatures. Development plans call for use of a assembly is not clear.

higher temperature adhesive. - Adhesive may be temperature sensitive.

The Packard Hughes technology was not penalized * Frequency and method of cleaning contacts is
for die size, although there are some concerns as to how unknown and must be compatible with adhesive. If
very small die might be handled and aligned. (TAG scrubbing is required, its lifetime may be signifi-
guidelines say that the technology will accommodate 50 cantly impacted-
mil die).

EQuIPmNT REQUIRE
PROCESS (IC CONTACTOR) Item cost roughput

1.0 Begin with diced wafer on tape. AssemblDisasmble& $100K to $500K Unknown

2.0 Assembly

2.1 Load wafer tape and carriers into assembly EQunMENT DoN FOR AuTomAT PRoCss

station.
Assemblerldisassembler installs die to and removes

2.2 Acquire and invert die. die from test socket. Die will be picked from an expanded
2.3 Retrieve inverted die, place and align face down wafer ring. The pick and place system must have two

on membrane. robot arms. One robot arm must acquire and rotate die,

2.4 While holding die in place, apply carrier lid and while the other ann must retrieve the die from the back
snap closed, side. The system would require a robot with four degrees

3.0 Test. of freedom and a vision system with pattern recognition

4.0 Burn-in. capabilities for use in registering the die to the carrier
within the needed tolerance. Vertical force sensing and

5.0 Disassembly control for die handling would be required. A custom end

5.1 Open carrier lid. effector will be required to install and remove the test

5.2 Remove die. socket clamp.

5.3 Return carrier 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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CoST SUPPLIE BusINEss INFORMATION

Cost Factor Comment Cost • Packard Hughes, Inc.
17150 Von Karman

Wafer Processing $ Irvine, CA 92714

Materials Cost/Use $ 9 Primary Business: Electrical interconnects and
ter '" I contactors

Assembly, $ * Total Employees: 700 - 900
Disassem bly . -I*1 9 Sae:8 M -$ 0

I MCC Cost Judgement * 1992 Sales: $80M-$100M

COMMENTS CONTACT

Packard Hughes has previously worked with MCC to William Crumly
demonstrate this carrier concept with their membrane PHONE: (714) 660-6914
technology. FAX: (714) 660-5825
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Supplier: Packard Hughes Method: Membrane probe set
TAG Requirements ýSpecification ýMeets TAG Weight Score
Device Type Rules i I 1 0
BiPolar !Accept Y 1 2 2
CMOS iAccept YT 3 3
BICMOS Accept i .2 2
Si On Insulator Accept Y
GaAs Accept Y j 1
Analog I Accept Y 2 2
Digital Accept Y i 2 2
Mixed iAccept Y 2 2
Memories !Accept r 2 2

MPUs Accept Y _2_7 2

DSPs jAccept Y _2 12
Logic Accept Y 2 r 2
Gate Arrays Accept Y 2 2
ASICs lAccept y Y 2 2
Peripheral bond pads Accept Y 2 2
Array pads Accept Y i 2 1 2
Bumped die Accept -Y 2 1 2

Device Type Rules Subtotalr 0 _ 33

Wafer/Die Size Rules 0
Size 12.5K-S50K mil2 Y { 2 2
max. aspect ratio 3 to 1 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 1 2

Wafer/Die Size Rules Subtotal 1 0 9

Interconnect Rules 0
Planarity: Pad to pad height variation up to 1.0tm variation Y 2 F 2
IC Pad planarity NO planarity degradation of die Y 2 j 2
MvAetallurgy accepted A], Au, Solder Y 2 F 2
Metallurgy Changes required NO change in quality/reliability Y 3 3

Interconnect Rules Subtotal 0 9
Dvice Design Rues 0

Change or impact required NO change Y 3 3
0

Wafer Fabrication Rules 0

Change or Impact Required NO change Y 3
0

Wafer I Die Probe Rules I 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 i 2 2
Probe contact to passivation NO probe contact Y V 3 3
Acceptable probe pad damage per Mil spec 2010.6 Y V 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 F 2
Accuracy required for edge placement of Does NOT require +/- 0.5 mils Y 2 2

Wafer Mount & Saw Rules Subtotal _ 0 4

Test & Bum In - General Rules 1 0
BIST Capable YES Y 3 3
Basic function test YES y 3

simulation/connection YES Y 3 I 3
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Supplier: Packard Hughes. Method:, Membrane probe set
TAG Requirements :Specification Meets TAGI Weight Score
Rc compatible w/bandwidth 'YES Y 3 3
Backside electrical connection !YES Y 3 3
Pin 1 Identifier provided AYES Y i 3 3
Contact passivalon wells up to 1.5 rm :YES V 3
Contact passivaion wells up to 8.0 Irm 'YES _ _2 0

Test & Bum In - General Rules Subtotal; 0 21
Low VO Test Rules ___ _ _ 0
Carrier Operatior, Temperature 0-1250C Y 3 3
Contact Resistance < 0.5 Q Y 3 1
Min. Clock Freq 100 MHz Y 2 i2
Pad contact (Peripheral, array, both) Both T Y 2 2
Pad metallization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 20.im f Y 3 3
Min. pad dimension 100 gm Y - 3
Char. Impedance 50o+ ±10% Y 1 2
Bandwidth 500 MHz Y 2
Power handling capacity 3W/cm2 Y 2, 2
Min. number of touchdowns / die 72 V 3

Low VO Test Rules Subtotal! 0 26
High I/O Test Rules 1_ _ 0 I 0
Carrier Operation Temperature 0-1 250C Y 3 3
Contact Resistance 1_< 0.5 a Y 3 1 3

Min. Clock Freq 1100 MHz Y 2 2
Pad contact (Peripheral, array, both) ABoth Y 2 2
Pad metallization accepted(AIAu,Solder) ALL Y 1 1
Min. pitch 150am I y 3 3
Min. pad dimension 75 g.m Y 3 3
Char. Impedance j50Q ±10% Y 2 1 2
Bandwidth 500 MHz Y__ 2 2
Power handling capacity 1 OW/cm2 Y 2 2
Min. number of touchdowns I die 2 Y 3 3

High I/O Test Rules Subtotal 0 26
Bum In Rules 0 -

Die Temperature max 1750C N 3 ' 0
Ambient temperature max 1 500C N 3 0
Contact Resistance !5 0.5 0 Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (PFripheral, array, both) Both Y 2 2
Pad metallization accepted(AI,Au,Solder) ALL I Y 1 1
Min. pitch 200gm Y 3 3

Min. pad dimension lOO10m Y 3 3
Power handling capacity 3 W/cm2 - 1 OW/cm2 Y 2 2
Mi number of touchdowns / die 2 r 3 _ 3_

Bum In Rules Subtotal o0 19
Pack & Ship Rules o 3
per JEDEC KGD specification TYES y 0 3

I I 0
Inspection o__ _ 0
Allow optical inspection of device YES Y V 2 2

l 0TOTAL SCORE I__ _0 _ 169
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PLASTRONICS, INC.
Wire-based Probing

GENMAL IMFORMON Process status:

Plastronics has been working with a test site to The process for producing the machined version of
develop their wire probe KGD carriers for production use. this product is currently in place. Molded components
This is a temporary carrier approach utilizing wire probes would require tooling. The die/carrier assembly process
to make contact to the die bond pads for test and bum-in, is strictly manual at this time.
The contact method uses compressed wire probes with a Capacity issues:
scrubbing action for penetrating oxides, and alignment isa manual optical process, with provisions for automation. The machined version of the Plastronics carrier is
Thermanual mptcan oem t wis h provid s b r th auom a . viable for prototype quantities only. Producing largeT herm al m anagem ent is pr ovided b y th e carrier base,q u n i es o th e ca r rs w ld e u re o l ng m d d
which serves as a heat spreader. Plastronics is currently in quantities of these carriers would require tooling molded
alpha test of this carrier concept, and all carriers are now carriers. The production ready version would replace
machined. Production quantities would require tooling for screws with spring clips to hold the assembly together.
molded components. Once the tooling was complete, quantities of carriers

could be produced quickly and at a greatly reduced cost.

rMc, ESCRIFoN Qualiication issues:

Plastronics and a beta test site are currently workingPlastronics, Inc. uses a wire based probing technol- to evaluate the carrier performance and further develop

ogy to provide contact to bare singulated die in a carrier thearaeGD carrier produc ncemitd in-he testnoa

based approach. The carrier consists of a plastic base with been perried b rou g evaluatin-of contac
a caityfor he ie, ceami alinmet plte ithbeen performed, but no thorough evaluation of contact

apcavity for the die,da ceramic alignment plate with resistance over multiple insertions or many thermal cycles
precision laser drilled holes for aligning the wire pbes has been performed. A test plan is in place to perform
to the die bond pads, and a contactor assembly which this type of testing.
contains the probes. The compliant probes provide
scrubbing contacts and the ability to accommodate non-
planar surfaces. Plastronics has developed a cleaning AULGNMENT Mh ioo
process which may be employed to clean the probes, and Alignment is manual optical, with provision for
claims that these carriers are good for approximately 2000 automation.
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 CONTACr MECHANISM
reflected in this technology's inability to meet TAG Wire probes provide scrubbing action.
requirements in this area for even low 1/0 die (8 mils).

KE FLEATURES

Readiness Category: Wire probes are used with a ceramic alignment plate.

The Plastronics carrier is in alpha test. NONcowuANE wfm TEHOLOGY ASSEsmENT

Equipment status: GumDEL s

Loading and unloading of die is currently performed The probe based technology uses laser drilled holes
manually, under a microscope. Assembly rates are 2 to 3 which limits the pitch to 10 mils. It cannot meet the TAG
die insertions/alignments per minute. No work has been guidelines for either low 1/O or high 1/0 die (200 micron
done on providing automatic assembly equipment, pitch/100 micron pad and 150 micron pad/75 micron pad,

respectively).
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The long thin probes provide an uncontrolled imped- EQumoE2r REQUIRm
ance environmenL Item Cost IThroughput

The Plastronics technology was not penalized for die Assembly/disassembly station Unknown Unknown
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). EQuImENT DEscRPnON FOR AUTOMAT PROCESS

The pick and place system would require a robot with

PROCESS FLOW DESCRPTON four degrees of freedom and a custom end effector. The

1.0 Begin with die on wafer tape (sawn) or in waffle system would require a vision system with pattern
recognition capabilities for use in registering the die to the

pack type packaging. plastic carrier within the needed tolerance. Vertical force

2.0 Assembly sensing and control for die handling would be required.

2.1 Place die into cavity of carrier The custom end effector will open and close the carrier

2.2 Place ceramic locator plate over die in carrier lid.

2.3 Align die under the locator plate

2.4 Place contactor assembly over the locator plate, Cost

allowing probes to drop through holes in locator Manufacturer provided information
plate. - Tooling cost for each die design: $25,000.00

2.5 Clamp assembly * Cost for each carrier $1.00 to $1.50 per pin.

3.0 Disassembly

3.1 Remove clamp assembly Cost Factor Comment Cost

3.2 Remove contactor assembly Wafer Processing $

3.3 Remove locator plate Materials Cost/Use Probe tips require more

3.4 Remove die and place into packaging for maintenance than average

delivery. Assembly, $
Disassembly I _ _

ADVA'rAGES MCC Cost Judgement

"* Piercing action may enhance contact reliability. CONNUM

"* Die held in place by carrier contacts during align Plastronics is placing considerable importance in the
and clamp. scrubbing action of their probes; they believe a scrubbing

contact is superior to a nonscrubbing contact. The
DISADVANTAGES minimum pad pitch of this approach limits the selection

"* Technology is pitch limited. of die which may be used with this technology.

"* See also NoNmCO!A m wrm TECHNOLOGY AssEss-

uswrGuiniuim.

"• 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.
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SwUuK BUSIN~ss INFORtMATION

* Plastrohcs, Inc.
2601 Texas Drive
Irving, TX 75062
(214) 258-1906

* Primary Business: Plastic products

* Total Employees: 120

* 1992 Sales: $5M

CONTACIS

David or Wayne Pfaff
PHONE: (214) 258-1906
FAX: (214) 258-6771
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Supplier:!Plastronics Method:VWire Probe set
TAG Requirements I Specification !Meets TAG? Weight ' Score
Device Type Rule 1" 0
BiPolar Accept y 2 2
CMOS Accept Y 3 3

SBICMOS Accept Y 2 2
Si On Insulator Accept Y 1 I 1
GaAs Accept Y 1 1
Analog Accept Y 2 2
Digital Accept Y 2 I 2
Mixed Accept Y 2 f 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 lAccept Y 2 2

Device Type Rules Subtotal 0 33
W r sie Rules 0
Size 2.5K-500K mil2 Y 2 2
maxc aspect ratio 3tol Y 1 1
min. size tolerance I-0.5 mils or larger Y 2 2
die thic 10 - 30 mils Y 2 2
min. thicns tolerance :1.0 mils Y 2 2

Wafer/Die Size Rules Subtotal 0 9
S0

Planarity, Pad to pad height variation up to 1.01Lm variation Y 2 2
IC Pad planarty NO planarity degradation of die Y 2 2
Metallurgy accepted AI, 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 I 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 reqd 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 +1- 0.5 mils Y 2 2

Wafer Mount & Saw Rules Subtotal 0 4
Test & Sum In - General Rules " 0
BIST Capable YES Y 3 3
Basic function test YES Y 3 3
simulation/connection YES I Y 3 3
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Supplier: Pla stronics Method:!Wire Probe set
TAG Requirements Specification i Meets TAG. Weight Score
Rc compatlible w/bandwldth tYES Y 3 3
Backside electrical connection YES V 3 3
Pin 1 Identifier provided YES Y 3 3
Contact passivajon wells up to 1.5 jim YES Y 3 3
Contact passivajon wells up to 8.0 ipm YES _ __ 2 0

Test & Bum In - General Rules Subtotal 0 21

Low W10 Test Rules _ ___ 0
Carrer Operation Temperature 0-125-C Y 3 3 3
Contact Resistance i: 0.5 a Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both V 2 2
Pad metallization accepted(Ai,Au,Solder) ALL Y 1 1
Min. pitch 1200tim N 3 0
Min. pad dimension r100 mn N _ _3 0
Char. Impedance 150nt ±10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 13W/cm2 YI 2 2
Min. number of touchdowns / die 12 Y 3 3

Low VO Test Rules Subtotal 0 18
HIgh 110 Test Rules 0
Carrer Operation Temperature 0-1250C Y 3 3
Contact Resistance < 0.5 a Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AI,AuSolder) ALL Y 1 1
Min. pitch 150tlm N 3 0
Min. pad dimension 75 im N 3 0
Char. Impedance 50 +±10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity I1OW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

High Y/O Test Rules Subtotal 0 18
Bum In Rules 0
Die Temperature max 1750C Y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance :5 0.5 V Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 200grm N 3 0
Min. pad dimension 1100 jim N 3 0
Power handling capacity 13 W/cm2 - 1 OW/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 0 153_
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Qualhi

QUALM CORPORATION

BTQI Carrier

GimmAL INFoRmAON TECHAr L DESCwnrON

Qualhi corporation is a spin-off from Consultar, Inc. The Qualhi carrier is composed of a low-cost thick
which has been established specifically to provide KGD film carrier with coined gold "bumps" forming die
carriers based on the thick film technology developed at contact points. Gold ball bonds are attached to the thick
Consultar (Figure 20). These carriers are designated as film surface using standard wire bond equipment- The
Burn-in, Test, Quality, and Inspection (BTQI) carriers. wires are then broken off and the remaining gold is
These carriers utilize gold bumps deposited on thick film coined to form planar die contacts. The die is placed and
materials to make contact to the die bond pads, and aligned in the carrier using a flip chip bonder, with very
scrubbing is provided by a flip chip aligner/bonder during low force. The bonder provides sufficient scrubbing
assembly of the die into carrier. Alignment of the die to
the thick film contactor assembly is performed by the flp action to break through the oxide on the die pads, but low
chip aligner. Thermal management is provided by a enough force to prevent bonding. The package is held
ceramic or metal lid which serves as a heat spreader. together by Kovar pins, with heat shrink tubing "fasten-
Qualhi is currently in development of this carrier, with ers" applied while assembly is held in place under
initial testing being performed in house and at a customer pressure. Work done to date indicates that the process
test site. leaves a 1 - 1.3 mil mark on the bond pad. Depth of the

mark is unknown, but is targeted at 8000±_4000K-
Potentially, the number of uses may be high. However,
this may be adversely affected by the continual coming
(and therefore, enlarging) of the carrier "bumps."

RELMSS LEVEL
"Ceramic Readiness Category:

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

Thick Film Leads Eqimnstu:
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

Gold placement is performed manually, while the die is held in
Bumps place with vacuum. A modification to the bonder will be

<Die required to provide automated lid placement. Semicon-
ductor Equipment Corp. has quoted this modification at
$20K, requiring 8 to 12 weeks for development and

Ceramic or delivery.

Metal Lid Process status:
The die to carrier assembly process is expected to be

"performed by a modified flip chip bonder. This process
Fasteners will have to be optimized once the equipment is available.

Lid placement is currently manual, but may be auto-
mated.

Figure 20. Exploded View of BTQI
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Capacity issues: 2.1 Acquire die.

For the purposes of providing KGD cariers the 2.2 Align and place inverted die onto base of carrier

capacity is unlimited (the thick film providers are capable (thick film with ball bonds facing upward).

of producing large quantities in quick turnaround times). 2.3 Use flip chip bonder to apply ultrasonic scrub-
The carriers may be designed and fabricated in a mini- bing, turn on vacuum to hold die.
mum of 3 weeks (with expedite charges) or in normal 2.4 Place ceramic or metal lid on top of die back-
delivery times of 4 to 6 weeks. side.

Qualification issues: 2.5 Assemble Kovar pins and lid clamps.

Qualhi is currently performing testing in-house and 3.0 Disassembly
working with a beta test site to complete qualification of 3.1 Remove fasteners by cutting tubing.
the BTQI carriers. This qualification data will be made
available upon request when completed. 3.2 Remove lid.

3.3 Remove die and place into packaging for

AIGN•Evr MmroD delivery.
3.4 Clean base and lid (if necessary) and return for

Alignment is manual optical, with provision for reuse.
automation.

ADVANTAGES
CONTACT MECHANISM

C Scrubbing action may enhance contact reliability.
Gold ball bonds on thick film interconnect provide

scrubbing action with use of flip chip bonder.
DISADVANTAGES

* Technology is pitch limited, assuming thick film
interconnect.

Thick film interconnect has scrubbing contacts. * Poor compliance will affect contact reliability to

non-planar die.

NONCOMPLtANCE WIT TECHNOLOGY A * See also NONCOLm.iANcE wrrH TECHNoLoGy Assss-

GumEurMs MNr Gun,aums.

The Qualhi technology uses a thick film interconnect
and coined gold bumps, both of which impose certain CONCEMNS
geometric restrictions. * The amount of scrubbing required to overcome non-

No compliance built-in or provided by ceramic or gold compliant nature of interconnect may introduce
bumps; unable to meet pad to pad var'ation guide- unacceptable amounts of pad damage for final
lines, assembly application.

"* Number of uses without rework is likely to be low

It is believed that the lack of compliance is likely to due to continued flattening and enlarging of gold

cause significant pad damage on nonplanar die. carrier pads.

"* Process to attach die is not yet qualified and may be

PROCESS FLOW DFSCRIPON difficult to optimize and control.

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

2.0 Assembly
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Ew RENTREQUUMR COMMENTS

Item 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.EQIMETDSCITON F'OR AurOMA•r Ptocrss

The pick and place system would require a robot with
4 degrees of freedom and a custom end effector. The SupLIER Bus•ss [NbORMATiON:
system would require a vision system with pattern * Qualhi Corporation
recognition capabilities for use in registering the die to the 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) 992-6767
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 per lead CONTACT
per use. Peter Normington

Cost Factor Comment Cost PHONE: (602) 892-6767
FAX: (602) 892-6767

Wafer Processing $

Materials Cost/Use Low number of uses $$$

Assembly, Potential damage $$
Disassembly _ _ __I

MCC Cost Judgement
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Supplier: IQualHi Method::BTQI Carrier
TAG Requirements I Specification Meets TAG? Weight Score
Device Type Rules L __cpt__ __ 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 YI 1 1

_ _ _ _ _ _ _ _ _ _ _ _2 2
Analos Accept Y 2 2
Digital !Accept Y 2 __2

Mixeda Accept Y 2 2
Memories LAccept Y 2 2
MPpera bondpadAccept V __2_ 2

DSPs JAccept Y 2 2

Logic iAccept Y 1 2 2
Gate Arrays jAccept y 2 2
ASICs jAccept Y 2 2

Peripheral bond pads jAccept Y 2 2

Array pads Accept Y I 2_2
Bumped die Accept Y i 2 2

Device Type Rules Subtotal, 0 33
WaferiDle Size Rules 0
Size 2.5K-500K ril2 Y 2 2

max. aspect ratio 3 to Y 1 1
min. size tolerance ±0.5 mils or larger Y 2 2
die thicknes 10 - 30 mils Y 2 2
min. thickmess tolerance ±1.0 mils Y 2 2

Wafer/Die Size Rules Subtotal 0 9
lnstrconnec Ruln 0
Planarity: Pad to pad height varation up to 1.0gm variation N 2 0
IC Pad planarity I NO planarity degradation of die Y 2 2
Metallurgy accepted AI, Au, Solder Y 2 2
Metallurgy Changes required NO change in quality/reliability N 3 0

Interconnect Rules Subtotall 0 4
Device Design Rules o
Change or impact required NO change Y 3 3

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

0

Wafer I Die Probe Rules 0
Does NOT Prohibit Use of wafer probe IWafer 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
Wafr Mount and Saw Ruls 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 IYES Y 3 3
simulation/connection YES Y 3 3
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Supplier: QualHi Method: BTQI Carrier
TAG Requirements Specification Meets TAG? Weight Score
Rc compatible w/ bandwidth IYES Y 3 3
Backside electrical connection iYES Y 3 3
PinI Identifier provided ýYES y 3 3
Contact passivaonwells up to 1.5 im YES Y 3 3
Contact passivaion wells up to 8.0 ýLm YES 2 0

Test& Bum In - General Rules Subtotad 1 0 21
Low VO Test Rules 0 f 0
Carrer Operation Temperature 10-1250C Y 3 3
Contact Resistance •< 0.5 il Y 3 3
Min. Clock Freq 100 MHz Y 2 2

Pad contact (Peripheral, array, both) i Both Y 2 2
Pad metallization accepted(AJAu,Solder) 1ALL Y 1 i 1
Min. pitch 200um _ _Y 3 3
Min. pad dimension 100oom ] Y 3 1 3
Char. Impedance 50Q +10% / Y 2 2
Bandwidth 1500 MHZ I Y 2 2
Power handling capaciy 13W/cm2 J Y 2 2
Min. number of touchdowns / die 12 Y 3 3

Low VO Test Rules Subtotal 0 26
Nigh YO Test Rules 0
Carrier Operation Temperature 0-1250C Y 3 3
Contact Resistance < 0.5 Q Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metellization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 15Oum } Y 3 3
Min. pad dimension 75 rm Y 3 3
Char. Impedance 50CI ±10% Y 2 2
Bandwidth 500 MHz Y 2 2
Power handling capacity 1OW/cm2 Y 2 2
Min. number of touchdowns I die 2 Y 3 3

High I/O Test Rules Subtotal 0 26
Bum In Rules 0
Die Temperature max 175-C Y ] 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance < 0.5 Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AlAu,Solder) ALL Y 1 1
Min. pitch 200tmn Y 3 3
Min. pad dimension 100 Jim Y 3 3
Power handing capacity 3 W/cm2 - 1 OW/cm2 Y j 2 2
S Min. number of touchdowns I die 2 Y 3 1 3

Bum In Rules Subtotal 0 I 25
Pack & Ship Rules 0 _

per JEDEC KGD specification YES Y 3 3

inspection _____ 0__________

Allow optical inspection of device YES Y 2 2
0

TOTAL SCORE 0 170
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SANDIA NATIONAL LABORATORIES

GENUAL IMiOMATIN

Sandia National Laboratories is developing a KGD
technology based on reroting bond pads to an area array I -Knurl NuA
configuration, and using Z-axis interconnect materials to
provide coAImections to a temporary test carrier. Contact Ud (Nummtum)
from the die area array bond pads to the carrier is pro- (tsckrmess .125')

vided by either a Z-axis conductive polymer, or by a Die
particle interconnect membrane. Alignment is performed (t"v*cmess .01 7)

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 (mes 27- - .036-)
the development phase, and will seek to license a vendor
for this technology at an appropriate time. As a major Ehiatomed Shadt

contributo" in the Multi Chip Module development effort,< (th'- ess.01o0)
Sandia National Laboratories has been working on an C
internal MCM project to specifically demonstrate known qc>
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
dimensional fast Fourier transform. All die used in this
module will be repanemed and thoroughly tested and
burned in before assembly. The ASICs contain boundary
scan and BIST circuits to simplify module level testing

Figure 22. Universal Carrier for Repattemed Die

and diagnosis. Data. from this project, including KGD
experience, will be shared with the MCM community.

TEHMOCAL DESaRPCION

in |F iSandia's strategy for providing KGD has three major
elements: 1) die with repatterned pads, 2) universal die
carriers, and 3) universal test and bum-in boards. Using

7 two layers of polyniide/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 repattemned
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
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Sandia Labs

patterned carrier and die. Different die types and sizes are elastomer sheet (from AT&T) or diamond-particle
accommodated by changing only the plastic spacer. Since interposer (from Acsist). The membrane interposer is
the carrier provides a common footprint for all die types, designed to allow at least 0.00 1" pad-to-pad vertical
Sandia has designed compatible universal tester load compliance. The penetrating interposer is required when
boards and bum-in boards. The condition of the array testing any solder-bumped die which has a residual film
pads after bum-in and the number of uses per intercon- of flux on the bumps. Alternatively, contact can be made
nect (die-to-carrier interface) will depend on the materials to peripheral Au pads with traditional wire bond.
selected. Final assembly may be flip chip, gold wire bond,
or GE HDI interconnect.

Repatterned die provide an area array of pads

RLEsDNE L compatible with universal, nonbonding PGA carriers. Die

Readiness Category: pad metallizations may be easily optimized for the die

This technology is in development. Sandia will not application; for example, solder for flip-chip attach, or

enter the merchant KGD supplier market, but will seek to gold for wire-bond or GE HDI interconnect.

license the technology developed at SNL to a qualified
vendor. NONCOMPuANCE WITH TFCHNOLOGY ASSESSMENT

Equipment status: GuImDEsNs

Sandia is having the wafers repattemed at a third The original aluminum bond pads are rerouted to

party MCM-D supplier, and the carrier assembly is solder-bumped array or Au-pad peripheral pads which

currently a manual operation. Assembly automation limits incoming die to those with aluminum bond pads.

would require development of an automated assembly • Cannot accommodate incoming Au or solder
station. bumped die; postpassivation processing, integral to

Process status: technology, requires aluminum pads as initial
surface.

Wafer repatterning uses standard thin film photoli- * Additional wafer processing required (rerouting and
thography procedures, and the carrier assembly/disassem- enlargement of bond pads).
bly is a simple operation.
Capadity isss: The dielectric overcoat was judged to be potentially

Production capacity is dependent on resources incompatible with GaAs.
available at licensee.

Pad rerouting uses uncontrolled impedance transmis-
Qualification issues: sion lines. In the case where Au wire bonding is done, the

Five die types (memory, DSP, ASIC, FPGA, assem- ability to control impedance is further reduced.
bly test chip) have been repatterned with both gold and Optical inspection of the die is inhibited by the
solder-bumped pad metallization. Carriers with 0.030" dielectric coat.
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- PRocEss FLow DESCPON

in boards have been procured, but no data yet. 1.0 Begin with singulated, repattemed die. Note this

process requires two polyimide and two metal layers

ALIGNMENT MTmoi (four masks). Sandia has used third party, MCM-D
suppliers for wafer processing.

Die mechanically aligns to spacer cavity. Precise die 20 Assembly
sawing control is not required because large repattemed
pads allow at least 0.004" misalignment. 2.1 Verify that spacer corresponding to die type to

Contact echanism be tested is positioned in carrier.2.2 Use vacuum wand to place clean die in carrier
Contact to solder bumps is made either with a Z-axis
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cavity. Use nonsymmetrical feature on die pad EQun•mqr REQUumD
array to correctly orient die. 1. To repattern wafers, stand^-, 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.

4.0 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 fit the carrier with
a snap-on lid and use a robotic system to pick and

4.2 Swinging carrier lid aside,. place the die.

4.3 Liffing 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 (elastoner or particle membrane). Some type. Wafer processing, including solder bumping, costs
residue from solder bumps, however, comes off on the about $900 per wafer in small quantities and is estimated
interposers and must be cleaned off after tens of uses. to drop to less than $400 per wafer in volume production.

Carriers with ceramic substrates in small volume cost
ADVANTAGES $500 (0.030" pad pitch) to $900 (0.020" pad pitch) each

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 than $1 per chip

alignment and minimize effects of pad damage. C Comment Cost

"* Piercing action may enhance contact reliability.

"* Carrier lids, with or without fins, provide thermal Wafer Processing Reroute $$$

management. Materials Cost/Use $$

DISADVANTAGES Assembly, $

Disassemb II

* See also NONCOMPLIANCE WrrH TECHNOLOGY ASSESS- MCC Cost Judgement
mmENT Guumm

COMMMTmS

CoNCEiMS 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

Summi Bumam INF•o•TioN

* Sandia National Laboratories
P.O. Box 5800
Albuquerque, NM 87185-1073

* Primary Business: Research and development

* Total Employees:

* 1992 Sales: N/A

CONTACr

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 i Method: no name
TAG Requirements Specification Meets TAG? Weight Score
Devke Type Rules 0

BiPolar Accept Y i 2 2
CMOs Accept y 3 3
BICMOS Accept Y 2 2
Si On Insulator Accept f 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
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 30
Wafer/Die Size Rules 0
Size 2.5K-500K mil2 Y 2 2
max aspect ratio 3to I Y 1 1
min. size tolerance ±+0.5 mils or larger Y 2 2
diethickness 10 - 30 mils Y 2 2
min. thickness tolerance ±1.0 mils Y 2 2

Wafer/Die Size Rules Subtotal 0 9
Intreonnect Rules 0
Planarity: Pad to pad height variation up to 1.0pmr variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted A], Au, Solder N 2 0
Metallurgy Changes required NO change in quality/reliability Y 3 3

Interconnect Rules Subtotal 0 7
Devce Deign Ruie 0
Change or impact required NO change Y 3 3

0

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

0

Wafer I 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 reqd 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 d Does NOT require +/- 0.5 mils Y 2 2

Wafer Mount & Saw Rules Subtotal 0 4
Tea & 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: Sandia Laboratories Method: no name _

TAG Requirements Specification Meets TAG? Weight Score
Rc compatible w/ bandwith YES Y 3 3
Backside electrical connection IYES 3 I3
Pin I Identifier provided YES Y 3 3
Contact passivaion wells up to 1.5 w YES Y_ _ 3_ _ 3
Contact passivaion wells up to 8.0 I~m YES _ _2 0 0

Test & Bum In - General Rules Subtotal 0 21
Low 110 Tet Rules 0 _

Cardier Operation Temperature 10-125 0C Y 3 1 3
Contact Resistance s 0.5 a Y 3 3
Min. Clock Freq 100 MHz Y 2 __ 2
Pad contact (Peripheral, array, both) Both y_ _ 2 2
Pad metallization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 200_m Y 3 3
Min. pad dimension 100 gY 3 3
Char. Impedance 50a +10% _ _ N 2 0
Bandvwdth 500 MHz Y 2 2
Power handing capacity 3W/cm2 y 2 2
Min. number of touchdowns / die 2 Y 3 3

Low VO Test Rules Subtotal 0 24
High Y10 Test Rules 0
Carrier Operatio Temperature 0-1250C Y 3 3
Contact Resistance < 0.5 a Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AIAuSolder) ALL Y 1 1
Min. pitch 1501gm Y 3 3
Min. pad dimension 75 gun Y 3 3
Char. Impedance 50Q ±10% N 2 0
Bandwid__ 500 MHz Y 2 2
Power handling capacity 1OW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

High 10 Test Rules Subtotal 0 24
Burm In Rules 0

Die Temprature .max 1750C Y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance < __0.5_ Q Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) IBoth Y 2 2
Pad metallization accepted(AJAu,Solder) ALL Y 1 1
Min. pitch 200I•m Y 3 3
Min. pad dimension 100 Jim Y 3 3
Power handling capacity 3 W/cm2 - IOW/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 3 3

0

Inspecm 0
Allow optical nspecion of device YES N 2 0

0TOTAL SCORE 0 161
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TEXAS INSTRUMENTS and MICRO MODULE SYSTEMS
KGD Interconnect System

GonUAL bqOMAnoN bumped configurations. The copper polyimide substrate

Texas Instruments (TI) and Micro Module Systems provides a high bandwidth controlled impedance intercon-

(MMS) have teamed to develop a KGD carrier which nect mechanism capable of very high wiring densities and
may be applied to all die types (Figure 23). MMS is either peripheral or array bond pad configurations. TI/

providing the substrate (membrane and die pad contactor) MMS are well on the path to qualifeg 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

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 RiAwUS LUV
mechanical operation, relying on a "fence" built directly Radine Categmy:
onto the membrane to locate the die. Thermal manage-
ment is provided by the backside support plate, with The TI/MMS carrier is in alpha test.
optional heat sink attachment. TI is cuirently in alpha test Equpment status:
of this KGD technology, using in house chips for testing. T TI KGD c may be assembled using stan-
Carriers and sockets for low 1/0 components are expected dard existing pck and place and package assembly equip-
to be ready by 1Q94. me nt.

Process status:
TECHNWAL DscmYHoN

The assembly process is compatible with existingThe TI/MMS KGD interconnet system applies a equipment; no development is required.

copper polyimide substrate with a proprietary nonwiping

bond pad contact mechanism to route electrical signals to Capacity 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 I/O
serves as a heat sink (additional
sinking is optional). Inserts, F-nc aria
beckplates, frames and posts IC Poem prfat L.,e
complete the assembly and compen-
sate for non planarity of the die bond carie 1 Pua0
pads or bumps. This entire assembly
then fits into standard test contactors UIakkek'1
and sockets used for test and bumi- Die

presented so far indicate that the . . Sum a"," A
contact interface mechanism
provides a low contact resistance ob Eaur/pot
(< 500 mfl) with reasonable applied ~
force, and is quite reliable over a
large number of insertions (900). fw6A"

This technology offers good contact "Sum-in PWM
(<500 m(l) over the entire tempem- Thr,-No Pins -o.-
ture range as well. It accom
a variety of metallurgies (including Figure 23. Cross Section of KGD Interconnect System
AL Au, and Sn/Pb) in both flat and
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requirement. Carriers and sockets for 75% of the family placement. The fence structure is built on top of the
are ready for production for 1/0 requirements up to 280 / interconnect layer which will hold the die aligned
0. For higher YO applications, the production capability to the contact points using the die edges as its
will be available 12 weeks after receipt of an order. reference. This technique requires tighter wafer
Qualification isse: sawing control in semiconductor manufacturing.

The fence simplifies the manual or automated pickTI will make carrier and socket qualification dat and place operations which serve as both an

available for each member of the "family." Since these alignment an environmental protection barrier.

carriers are intended for specific custom sockets, they are

being evaluated together. The sockets have been rede- 3.0 Apply metal lid cover.

signed, and limited quantities of these sockets are avail- 4.0 Place latch assembly onto substrate assembly to

able at this time. Testing and verification is underway at hold die in place.

alpha-site partners. 5.0 Insert carrier assembly into cavity of test contactor

or socket.

AUGNMENT METHOD 6.0 If required, functional test using either test
contactor or socket.

Die alignment and/or holding features is used for

mechanical die loading system. Manual optical alignment 7.0 Bum-in using standard socket.

may also be used. 8.0 Functional Test using either test contactor or
socket.

CONTACT MECHANISM 9.0 Remove lid/latch assembly, place in stock for
reuse.

Temporary contacts provide oxide piercing action. 10.0 Remove die from substrate assembly.

11.0 Clean substrate assembly, place in stock for reuse.

K 12.0 Visual inspection of die.
Copper polyimide interconnect membrane uses 13.0 Place die in packaging for delivery.

proprietary contact mechanism.

ADVANTAGES
No~coM~uA.cE wrm TECHNoLOY ASSMG.DIES• - Piercing action may enhance contact reliability.

* Quick mechanical align possible for precision sawn
The current approach calls for mechanical alignment die.

of the die which will require a high precision wafer saw

* Die held in place by carrier contacts during alignprocessand clamp.

The TI/MMS technology was not penalized for die

size, although there are some concerns as to how very - Thermal management integral to technology.

small die might be handled and aligned. (TAG guidelines
say that the technology will accommodate 50 mil die). DISADVANTAGES

* See NoNcoi•MjcE wrm TtCNoLGY AssEssAMEO
PROCESS FLow GuImELs.

1.0 Begin with singulated die on tape.

1.1 Die extraction from wafer tape (removal and CONCERNS

cleaning of the die) * Piercing action over temperature excursions may

2.0 Load die onto substrate. introduce unacceptable amounts of damage for final

The alignment step can be completed by either assembly application.
manual die placement (using vacuum wand) with * May be complex assembly to automate.
mechanical guides (fence) or vision pick and * Full-speed test above 250Mhz may require custom
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ThIMMS

socket. CoMENrs

Frequency and method for cleaning contacts is
unknown. SuFpLIER BusINEss L'oI•NF ToN

* Texas Instruments, Incorporated
____13500 N. Central Expressway

Item Cost Thromghput Dallas, TX. 75243

Assembler/Disassembler $100Kto$500K >10cK/month (214) 995-2011

Emugmrr DuRwnoN FoR AuroMATE P OXcEs Primary Business: Semiconductors, related devices

Assembler/disassembler installs die to and removes Total Employees: 60,577

die from carrier. Die will be picked from an expanded * 1992 Sales: $7.4B

wafer ring. The pick and place system must have two
robot arms. One robot arm must acquire and rotate die, COMAS
while the other arm must retrieve the die from the back
side. The system would require a robot with four degrees Randy Roebuck, Technical Issues

of freedom and a vision system with pattern recognition 7800 Banner Drive

capabilities and for use in registering the die to the P.O. Box 650311 MS 3936
substrate interconnect layer within the needed tolerance. Dallas, IX 75265

Vertical force sensing and control for die handling would PHONE: (214) 917-6244

be required. Another end effector will be required to FAX: (214) 917-7391

install and remove the carrier lid.
Tony Gucciardi, Marketing Issues

COST 111 Forbes Blvd
Mansfield, MA 02048

Manufacturer cost projection is less than $1.00 per PHONE: (508)699-5213
die FAX: (508)699-5339

Cost Factor Comment Cost

Wafer Processbg $

Materials Cost/Use $

AsembKj, $
Disassembly

MCC Cost Judgement
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Supplier:ITI/MMS Method: KGD Interconnect
TAG Requirements Specification Meets TAG. Weight Score

evice Type Rules 0
BiPolar IAccept Y 2 2
CMOs __ _ _ _ _ 3 3

I8CMOS Accept Y 2 1 2
Si On Insulator _ _ __ept _ 1 1

___GaAs Accept _ Y 1 1Analog' ;Accept y 2 i 2
Digital Accept Y 2 2
Mixed Accept y 2 I 2
M'emories Accept y 2 2

MPUS Accept Y 2 2
DSPs Accept I Y 2 I2

Logic Accept V 2 2
Gate Arrays !Accept J Y 2 2
ASICs ý Accept Y 2 2
Pewlperai bond pad Accept Y 2 2
Array pads Accept 1 Y 2 2
Bumped die Accept Y 2 2

Device Type Rules Subtotal 0 33
Waferidle Sin Rules 0
Size 2.5K-SOOK mil2 Y 2 2
max. aspect ratio 3 to 1 Y 1 1
min. size tolerance ±0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
rmin. thickness tolerance ±1.0 mils Y 2 2

Wafer/Die Size Rules Subtotal 0 9
Iterconnect Rules 0
Planarty. Pad to pad heightvaration Jupto 1.0m variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgyaccepted 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

Wafr' Facation Rule 0
Change or Impact Required NO change Y 3 3

0
Wafer I Die Probe Rules 0
Does NOT Prohibit Use of wafer probe Wafer probing OK Y 3 3
New capital equipment required by fat NO new equipment req'd Y 2 2
Probe contact to passivation NO probe contact Y 3 3

* Aceptable probe pad damage per Mil spec 2010.6 Y 3 3
Wafer/Die Probe Rules Subtotal 0 11

Wafer Mout and Saw Ruin 0
Impact on current practices NO change to practices Y 2 2
Aplq required for edge placement of d Does NOT require +/- 0.5 mils N 2 0

Wafer Mount & Saw Rules Subtotal 0 2
Ted & Burn In - Genera Rules 0

BIST COpwb"e YES Y 3 3
Basi funcmti test YES Y 3 3
simtiation/connection YES Y 3 3
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Supplier: TI/MMS i Method: IKGD Interconnect
TAG Requirements I Specification Meets TAG? Weight Score
Rc compatible w/bandwidth YES Y 3 3
Backside electrical connection rYES Y 3 3
Pin I Identifier provided {YES Y 3 3
Contact passivaion wells up to 1.5 pn YES Y 3 __3

Contact passivajon wels up to 8.0 ipm !YES _ _2 0
Test & Bum In - General Rules Subtotal 0 i 21

Low YO Tost Rules I 0
Carrier Operation Temperature I0-1250C " Y 3 3 3
Contact Resistance < 0.5 y 3 33
Min. Clock Fro 100 MHz Y 2 2
Pad oontact (Peripheral, arry, both) Both Y _ 2 2
Pad metallization accepted(AJ,Au,Solder) ALL Y_ _ 1 1
Min. pitch 2001pm y 3 3
Min. pad dmension 100pn Y 3 3
Char. Impedance 50) ±10% Y 2 2
Bandwtd 500 MHz Y 2 2
Power handling capacity 3V'/crn2 Y 2 2
Min. number of touchdowns / dle 2 Y 3 3

Low I/O Test Rules Subtotal 0 26

High UO Test Rules 0
Carrer Operation Temperature 0-1250C Y 3 3
Contact Resistance < 0.5 0 Y 3 3
Min. Clock Freq 100MHz Y 2 2
Pad contact (Penpheral, array, both) Both Y 2 2
Pad metalization accepted(AI,Au,Solder) ALL Y 1 1
Min. pitch 150pm Y 3 3
Min. pad dimension 75 im Y 3 3
Char. Impedance 500±10% Y 2 2
Bandvidth 500 MHz Y 2 2
Power handling capacity 1 OW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

High I/O Test Rules Subtotal 0 26
Burn In Rules 0
Die Temperature max 1750C_ Y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance <:_0.5 _ _ _Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad oontact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AIAu,Solder) ALL Y 1 1
Min. pitch 200nm Y 3 3
Min. pad dimension 100 pm Y 3 3
Power handling capacity 3 Wlcm2 - 1 OWcm2 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 specificatlion YES Y 3 3

0
oon 0

Alow optical inspection of device YES Y 2 2
0

TOTAL SCORE 0 173
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TRIBOTECH

TRITBOTECH
Temporary LeadPak (T.IJP)

GeNJAL INF OEmAoN Equipment status:

TRIBOTECH technology is based on a modified No special equipment is required for the
ceramic package, ideally the one in which the die is TRIBOTECH carrier assembly. The die are aligned and
conventionally packaged. These packages are modified placed in the carrier with a pick and place system, and the
for use with the Temporary LeadPak (T-LJP) thin film lid is placed using package "lidding" equipmenL
and contactor to make contact between the die bond pads process status:
and a spring pin contactor to the package bond pads. The
die may then be tested and burned-in, and removed as Theremsnotdeiprocessringe volved otherqthan
fully tested bare die. Contact to the die is a proprietary placement into the carriers. All of the equipment and
contact mechanism which is a nonscnubbing, fine rocesses for manufacurng the carriers is currently in
oxide piercing method. Alignment of the die in carrier to Place at TRIBOTEC-
the T-LJP is a manual optical operation, with provisions Capacity issues:
for future automation. Thermal management is provided After a small quantity build for qualification (100
by a backside support plate, with built in heat sink for the pieces), the capability for producing carriers is greater
face down version, and by a thermal transfer block in the than 1000 per week. Lead time for a new design is 12 to
face up version. This technology is currently in develop- 16 weeks ARO. There is expected variation in cost for
ment, with some in house testing performed, but no larger quantities.
product qualification work started. a isues:

In-house testing of carrier prototypes has been
¶I•CAL [IFCT ON performed, but product qualification has not been started.

TRIBOTECH modified ceramic package approach is
designed to minimize retooling of test and bum-in boards, AUGNMr Mh=oD
particularly in cases where this investment has already
been made. The chip is interfaced using a proprietary Alignment is manual optical, with provisions for
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 CoMACT M

and the T-LJP. Contact normal force is provided by anelastomer and support plate behind the T-L/P. The Propriey mechanism in T-L/P provides contact
elasome andsuportplat beindthe UPThewithout scrub across TAG temperatures.

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 Kjy FFA•'Ts
to use standard ceramic packaging and handling equip-
ment, without requiring major investment in new equip- Approach uses a standarn (ceramic) package for each
mert. TRIBOTECH offers both a face up and a face part with T-L/P interfacing the die and package bond
down version of this technology. At a maximum force of pads' Integral heat sink provided.

5 grams, SEMs of bond pads indicate negligible damage
(<209m mark). NoNc atw wrm TFCRoNWy AsvssMT

GuIDELINEs

REAuM LEVM The thin ribbon and pin contacts provide an uncon-

Raaeu Category: trolled impedance environment.

-R BOTECH is performing in-house alpha testing.
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TRIB07ECH

Pawns FLow DOscrioN * Assembly provides air tight seal for protection

1.0 Begin with die in waffle packs, gel paks, or during bum-in and test.

elastomeric dicing ring and membrane ready for die
bond. DISADVANTAGES

2.0 Load die, carriers, package T-AP assembly, and •See also NONcowcE WI TE•-'•,•oLGY AssEss-
spring clips into assembly station. M•T Gurxiir..

3.0 Manual die prealign or pattern recognition/preci-
sion station place and vacuum chuck release. CONCIRNS

4.0 Orient and place die on carrier/package.

5.0 Use optical on system to align T-L • Piercing action over temperature excursions mayP to die bond pads; bring T-LkIito with introduce unacceptable amounts of pad damage for

die and hold. final assembly application.

6.0 Engage spring clip while holding T-LIP firmly in Probe tips may require more maintenance than

place against mechanical stop. average. Cleaning may shorten life of probes.

7.0 Release tension on T-L/P, letting spring clip hold it Assembly cycle time and potential for damage to

in place. contact mechanism is uncertain. May be complex

8.0 Transport assembly to continuity check station. y

9.0 Perform continuity check. EQ-a REU't

9.1 Disassemble failed assemblies for rework.

10.0 Load assembled carriers (Packages) into test and/or
burm-in boards 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 bum-in boards. EQUIPMENT REQuIE FOR AuToMAIU) PROCESS

13.0 Perform additional electrical testing, as required. For the face up applination, the pick and place system

14.0 Load parts into disassembly station. would require a robot wiw, 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 pattern recognition capabilities for use in
16.0 Remove T-L/P with spring clip. registering the die to the T-LJP within the needed toler-

17.0 Remove die from carrier. ance. Vertical force sensing and control for die handling

18.0 Die cleaning (optional, if thermal grease was used). would be required. The ld would be sealed with a custom
end effector.

19.0 Mark and pack die for shipment.

20.0 Return carrier/wakage, T-LJP, and spring clip for COST
reuse.

Cost Factor Comment Cost
ADVANTAGES Wafer Processing $

"* Piercing action may enhance contact reliability. Probe tips require more $$

"* Better than average compliance for reliable contact Materil U maintenance than average
to nonplanar die. Assembly, Cycle time and potential $$

"* Thermal management integral to technology. Disassembl 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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TRIBOTECH

Smuw Busi,•Ns INFORMATION
TRIBOTECH

Mailing address:
P.O. Box 5030
Wine Valley Unit
Nape, CA 94581-0030

PlawnAddress:
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: ý Temporary Lead Pak
TAG Requirements I Specification Meets TAG? Weight I Score
Dovki Type Rubes 0
BiPolar !Accept I Y 2 1 2
CMOS Accept Y 3 3
BICMOS, Accept Y 22 _ _ 2
Si On Insulator 1Accept Y 1
GaAs AcceptY 1 1SY 2 2Analogl iAccept y2 2

Digial Accept Y 2 __2

Mixed !Accept Y 2 2
Memories ýAccept Y2 2

MPGAs lAccept Y 2 2
DSPs jAccept Y 2 2
Loglic lAccept Y 2 2

Gate Arrays i Accept Y 2 2

ASICs Accept Y 2 1 2
Peripheral bond pads iAccept Y 2 i 2
Array pads JAccept Y 2 2
Bumped de jAccept Y 2 2

Device Type Rules Subtotal 0 33
WW ID11r/ine Ruins 0

size 2.5K-500K mil2 Y 2 2
max aspect ratio 3tol Y 1 1
min. size tolerance ±0.5 mils or langer Y 2 2
die thickness 110 - 30 mil Y 2 2
midn. thicknes tolaance +1.0 MilS Y 2 2Wafer/Die Size Rules Subtotal 0 9

Int__ _ __et Ru _1 0
Planadt. Pad to pad height variation up to .0tm variation Y 2 2
IC Pad planarty NO planrty degradation of die Y 2 2
Metlury accepted _, A, Au.Solder Y 2 2
Metanlurgy Changes require NO change in quaflty/reliability Y 3 3

Interconnect Rules Subtotal 0 9
Dev, D:,ign Ruln 0
Change or impact required NO change Y 3 3

0

Waler Fab•rition Rules 0
Change or Impact Required NO change 3

0

Wafer I D. Probe Rule 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 pessivation 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

Walr Mount and Saw Rules 0 1
Impact on rrent practices NO change to practices Y 2 2
Accuracy reired for edge placement of dR Does NOT require +/- 0.5 mils Y 2 2

Wafer Mount & Saw Rules Subtotal 0 4
Test & Bum In - General Rulen 0
BIST Capable YES y V 3 3
Basic function test YES Y 3 3
simulaion/connection YES Y 3 3
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Supplier: Tribotech i Method: Temporary Lead Pak
TAG Requirements Specification !Meets TAG? Weight 'Score
Rc compatble w/bandwidth YES I Y 3 3
Backside electrical connection IYES Y 3 3
Pin 1 Identifier provided [YES Y 3 3
Contact passivaion wells up to 1.5 rm iYES Y i 3 3

Contact passivaion wells up to 8.0 gm YES 2 0
Test & Bum In - General Rules Subtoz; i 0 21

Low WO Test Rules 0
Carrier Operation Temperature 10-1250C Y 3 3
Contact Resistance 1:5 0.5 a Y 3 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y - 2 2
Pad metallization accepted(AJ,AuSolder) JALL Y 1 1
Min. pitch 12001Jm Y 3 3
Min. pad dimension : 100M Y I 3 3
Char. Impedance 50a ±10% N 20
Bandwidth 1500 MHz V 2 2
Power handling capacity 13W/cm2 Y 2 2
Min. number of touchdowns /die 12 Y 3 3

Low /O Test Rules Subtotal F 0 24
High I/O Test Rules 0
Carrier Operation Temperature i0-1250C Y 1 3 3
Contact Ressance < 0.50 Y 3 3
Min. Clock Freq 100 MHz I 2 2
Pad contact (Peripheral, array, both) Both y 2 2 2
Pad metalization accepted(AJ,Au,Solder) ALL y 1 1
Min. pitch 1501rn _ Y 3 3
Min. pad dmension 175um V 3 3
Char. Impedance 150Q±10%,: N 2 0
Bandwidth 50(c MHz y 2 2
Power handing capacity l ON/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

High I/O Test Rules Subtotal 0 24
Bum In Rules ' 0
Die Temperature max 1750C Y 3 __ 3
Ambient temperature max 1500C Y i 3
Contact Resistance _ _ _ 0.5 _ Y 3 3
Min. ClocK Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallization accepted(AI,AuSolder) ALL 1 1
Min. pitch 200Ym Y 3 3
Min. pad dimension 100 •_ • Y 3 3
Power handing capacity 3 Wlcm2 - 1 OW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

Bum in Rules Subtotal 0 25
PaC* & Ship RUles 0

per JEDEC KGD specification YES Y 3 3
0

Insp-c__ 0
Allow optW inspection of device YES Y 2 2

TOTAL SCORE __________ ____ 0 171
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YAMAICH[ ELECTRONICS, INC.

GEN AL IMORMAION

Yamaichi is developing a carrier and matching socket provide electrical connection between the pads on the die
to address the KGD market. The carrier uses a derivative and the contacts on the burn-in and test socket. A mecha-
of the Nitto Denko ASMAT thin film interconnect nism within the carrier is used to align the die, intercon-
Contact to the die is made using the non-scrubbing, oxide nect, and the mechanical interface to the socket. The
piercing bumps which are an integral part of the intercon- socket lid applies a controlled force to the die while
nect. Signals are fanned out for socket contact by the thin mating it properly to the substrate. The system incorpo-
film material. Alignment is a manual optical operation rates heat sink capability and is designed to be reusable
and thermal management occurs through an incorporated and automatable with standard die pick and place equip-
heat sink mechanism. This technology is in development, meat Data from Nitto Denko indicates that the ASMAT
with in house testing underway. Plans call for delivery of die contact interface provides a low contact resistance (80
prototypes to customer test sites by 4Q93. milhiohms) at 30 grams of contact force per pin. Work by

Nitto Denko indicates that damage to aluminum bond
TEC ICAL D.SCRFwnON pads due to contact with the ASMAT bumps is minimal.

Thermal life of the interconnect is expected to be high.
Yamaichi Electronics has developed a carrier/socket READVNESS LEM

based approach to providing known good die with future
applications to wafer level test and bum-in. The carrier Readines Category:
contains Nitto Denko ASMAT thin film interconnect to This technology is in development In-house testing

and product refinement is
underway, and plans for

Top Viewqualification at OEM beta
test sites are in place.

Carrier Cover Plans call for delivery of

- a r - prototypes to these sites
- by the end of 1993.

Fqripmmit stat:

Amanual pick andSMT& Frame place assembly worksta-

tion, with a throughput of

5 to 6 die per minute is
available now, and an
automatic workstation

0with an expected through-
put of 10to 12 die per

Carrier Base minute is in development.
Yamaichi is studying the

Q cost effectiveness of

automating this assembly
vs. using manual assem-

Bottom View bly stations. If theBotto Viewdecision to proceed with

Figure 24. Exploded top and bottom views of Yamalchi chip carrier pm
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Yamaichi

automated station is made, it is expected to be ready in 1.0 Begin with die on wafer tape (sawn) or in waffle
3Q94. pack type packaging.

prom stas: 2.0 Assembly.

The Nitto Denko film has been characterized and is 2.1 Open chip retainet' spring on chip holder

ready for use. The current assembly process for proo- assemblye

types uses a single step snap carrier to place the die in 2.2 Use pick and place equipment to place chip

alignment with the ASMAT film. (face up) in chip holder assembly.

Capacity isus: 2.3 Release chip retainer spring, clamping die in
place in chip holder.

Yamaichi is not prepared for production at this time; 2.4 Place ASMAT film over carrier base and chip
the carrier is still in the prototype stage. The assembly holder (bumps down).
process is being defined in such a way as to facilitate 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 5 to 6 die per minute, with 2.6 Align the ASMAT film chip carrier by optical
an automated station doubling that capacity. alignment

Quanficatim : isuea 2.7 Place carrier cover on top of assembly while

In-house testing of contact resistance has been vacuum retention holds alignmenL
performed, but final qualification of this product has not 2.8 Snap on carrier lid.
yet begun. 3.0 Use carrier assembly directly with sockets for test

and bum-in.

AUIGiiMENT MgnloD 4.0 Disassembly.

Die alignment and/or holding features will be used 4.1 Remove carrier cover.

with a manual or automated optical loading system. 4.2 Remove film contactor.

4.3 Open chip retainer spring of chip holder subas-
CONTACr Msembly.

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
without scrubbing motion. ADVANTAGES

- Non-scrubbing contact may minimize pad damage,
KEY FUATURES assuming excessive force is not required to over-

Simple carrier approach depends on ASMAT come non-planarity.
technology from Nitro Denko. - Contact materials and mechanism has been charac-

terized by Nitto Denko at time and temperature.

Norcomu. a wrm TEceqoLOGY ASSnSMET
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-ComuicE wrrH TEmoWGaY

Assiss~ r GUuJES

Plocas Fow DESCRFMON

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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Yanmichi

CONCUNS

"• Non-scrubbing action may affect contact reliability. SuFpUER BusmIS IDwORMATiON

"* Frequency and method of cleaning contacts is * Yamaichi
unknown. If cleaning requires scrubbing,, it may 1420 Koll Circle, Suite 3
significantly impact lifetime by weakening probe tip San Jose, CA
to interconnect interface. (408) 452-0797

* Primary Business:
EQvmFOT DSCIToN Fot AuroMATE POCESS * Total Employees:

Fully automated system is awaiting decision on * 1992 Sales:
development.

COSr CONTACT

Bob Million

Cost Factor Comment cost PHONE: (408) 452-0797
"FAX: (408) 452-0799

Wafer Processing $

Materials Cost/Use $

Assembly, $
Disassembly i

MCC Cost Judgement

COMMENT

Data has been presented which verifies low resistance
contacts over a large number of thermal cycles.
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Supplier: Yamaichi Methd: no name _ _

TAG Requirements Specification Meets TAG? Weight Score
Doevi Type Rules 0
BiPolar _ _Accept_ Y 2 2
CMOS ___Accept Y 3 3
BICMOS _Accept _Y 1 2 __2

Si On Insulator Acoept y 1 1
GaAs Accept Y 1 1

Analo Accept, Y 2 2
Digtal 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 v 2 2
Gate Arrays lAccept 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 Si Rules 0
Size 2.5K-500K mil2 _ _N 2 0
max. aspect ratio 3 to 1 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. ad to pad height variation up to 1.0jgm variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2
Metallurgy accepted , Au, Solder Y 2 2
Metallurgy Changes required NO change in quality/reliabilty y r_3 3

Interconnect Rules Subtotal_ 0 9
Device Design Ruls 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 I 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 reqd Y 1 2 2
Probe contact to passivation NO probe contact Y 3 a
AcceptWa probe pad darnae per Mil spec 2010.6 Y 3 3

Wafer/Die Probe Rules Subtotal 0 11
iWxW Mount and Saw Rules 0

Impact on current practices NO change to practices Y I 2 2
Accuracy required for edge placement of d Does NOT require +/- 0.5 mils Y 2 2

Wafer Mount & Saw Rules Subtotal 0 4
Teot & Sum In - General Rules 0
BI.ST Capable YES Y 3 3
Basic function test YES Y 3 3

simulation/connection YES Y 3 3
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Supplier: Yamaichi Method:Ino name
TAG Requirements Specification Meets TAG? Weight Score
Rc compatible wI bandwidth YES Y 3 3
Backside electrical connection YES Y 3 3
Pin 1 Identitler provided YES Y 3 3
Contact passivalon wells up to 1.5 pm YES Y 3 i 3
Contact pasalvalon wells up to 8.0 pm YES 2 0

Test & Bum In - General Rules Subtotal 0 21
Low I/0 Test Rules 0
Carrier Operation Temperature 0-125C Y 3 3
Contact Resistance < 0.5 0 Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallizaion accepted(AI,AuSolder) ALL Y 1 1
Min. pitch 200pm Y 3 3
Min. pad dimension 100pm Y y 3 3
Char. Impedance 500±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 I/O Test Rules Subtotal 0 26
High I/O Test Rules 0
Carrier Operation Temperature 0-1250C Y 3 3
Contact Resistance < 0.5 0 Y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both Y 2 2
Pad metallizatlon accepted(AIAuSolder) ALL Y 1 1
Min. pitch 150prm Y 3 3
Min. pad dimension 75 rn Y 3 3
Char. Impedance 500±10% Y 2 2
BandwAdth 500 MHz Y 2 2
Power handling capacity 1OW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

High I/O Test Rules Subtotal 0 26
Bum In Rules 0
Die Temperature max 1759C Y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance < 0.5 0 Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) !'Both Y 2 2
Pad metalization accepted(AJ,Au,Solder) ALL Y 1 1
Min. ptch 200pm Y 3 3
Min. pad dimension 1loom Y 3 3
Power handflng capacity 3 W/cm2 - 1 OW/cm2 Y 2 2
Min. number of touchdowns / die 2 Y 3 3

Bum In Rules Subtotal 0 25
Pack & Ship Ruies 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

Northern Telecom

Tessera
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Hughes Aircraft

HUGHES AIRCRAFE COMPANY

Testable Ribbon Bonding (TRJ)

GENEAL INFRMATION In development

The Hughes Testable Ribbon Bonding (TRB) Equipment status:
technology is being developed to provide a quick turn, The only processing equipment that is required is a
soft tooled alternative to traditional TAB (Figure 25). It
involves using a ribbon bonder to bond leads from the die ribbon bonder system which has been fitted with a
to a temporary carrier for test a Hughes lead forming tool The die are removed from the
cutting the leads at the outer lead bond, leaving a die with carrier using a laser cutting system with a pick and place
ribbon bonds ready for placement and outer lead bonding. machine to load the die into delivery packaging. Subse-
The contact mechanism is a ribbon bond, and alignment quent die handling must use automated pick and place
is performed by the ribbon bonder. Hughes is currently in equipment and TAB compatible outer lead bonding
development with this technology, equipment All of this equipment is currently commer-

cially available.

"TucmmAL DIscRiPnoN Process status:

The Hughes Testable Ribbon Bonding (TRB') The only process required is the bonding and lead
system provides the benefits of Tape Automated Bonding form, which is ready to be used.
(TAB) to a soft tooled environment without the disadvan- capacty issues:
tages of TAB. The TRB system uses a patented lead
forming tool to allow for bonding of a "ribbon" (a I x 3 The bonding and lead forming is a serial procedure,
r1il gold wire) to the peripheral aluminum bond pads of a creating one lead at a time. The production capacity of
chip. The chip is bonded to a disposable carrier for test this procedure is governed by the throughput of the
and bum-in using normal sockets and equipment, and ribbon bonder.
then removed, with leads intact, for delivery. This
technology provides low NRE costs, quick-turn around, c ises:
and eliminate the need for expensive tooling. Hughes has been using prototype ICs to develop this
R LEm technology for preparing KGD. The carrier qualification

issues to be addressed are simply dealing with the ability
]ReadlninCategory: to withstand high temperatures during the test and bum-in

regime, since the contact

mechanism is a bonded
IC Choribbon.

AUIGNMIENT MEFROD

9-- Tesaft s Alignment per-
STE 1 formed by ribbon

S• • bonding equipment9J
an awWCON.TACr MECHANISM

I TAB like ribbon

bonds

Figure 25. Testable Ribbon Bonding (TRB) Process Flow
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Patented lead forming tool used to create formed
ribbon leads with low NRE costs and lead-time. ADVANTAGES

• Permanent bond will enhance contact reliability.
NoNcomL A wrm TECwwoLoGY ASSESSMNrT * Quick turn-around, low NRE cost for small volume
GUNDLE prototyping.

This is esmentially a TAB based packaging technol- • Uses mature process technologies.
ogy which is limited to use with die which have periph- * Compatible with existing ribbon bond equipment.
eral, gold-bumped or Al bond pads. MDKVANAGES

"* TAB approach means that die with area array pads
cannot be burned-in or tested. * Permanent bond wil limit final assembly options.

"* Process not designed to convert from array to * Technology is pitch limited.

peripheral bond pads. • High volume will be relatively expensive due to

"* Cannot accommodate incoming solder-bumped die; cycle times.

TRB process not defined for use with solder. a Leads are exposed and fragile after excise from
The TRB technology will require a pad larger than 3 carrier.

mils (75 microns) due to the ribbon width. • See also No uONJcm , wrrH Trtcimao• AssEss-
wr GuuEuiqs.

It is assumed that the TAB-like environment will be
unable to achieve 50 ohm controlled impedance. CONCUN

. Minor bending will have significant impact on ease
Bonds are permanent and bond pads may not be used of subsequent assembly.

in future assemblies. This is counted as a significant
change in the metal and limits the technology to a single EqUUWENT REQ___
touchdown.

Item Cost Throuhpt

PRocM FLOW Pick and place system $150K 2K/hr
Ribbon bonder with

1.0 Begin with bare singulated die, probe tested, on lRbd form tool $120K 1 wire/sec

wafer tape carrier or in waffle packs. YAG laser $120K I1 irnch/l0sec

2.0 Pick and place die onto carrier, applying vacuum to

hold chip. EwnmT DucawnoN Fm AuromA= ProcEss

3.0 Use auto bonder with patented forming tool to bond
and lead form gold ribbon in a single step. The pick and place system would require a robot with

4.0 Apply protective cover to carrier (optional). four degrees of freedom that is either fully automatic
(pattern recognition), or semiautomatic (manul fiducial

5.0 Burn-in chips in carriers using conventional bum-in entry). The system would require a vision system for use
equipment in registering the die to the carrier within the needed6.0 Test chip in carrier using conventional test equip- tolerance. Vertical force sensing and control for die

ment and QFP handlers. handling would be required. The ribbon bonder must
7.0 Cut ribbon leads just before OLB on carrier (use have a heated platen and equipped with the Hughes

YAG laser or wire-bonder with chisel and ultra- patented lead form tool. In order to maintain correct
sonic), positioning, a YAG laser is required to cut the gold

8.0 Place leaded chips into vacuum release Gel-Pakstm  ribbon from the carrier

for storage/shipment to customers.

9.0 Dispose of carriers (reclaim gold)
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Hughes Airtraft

CoST SUuLWu BusmUss INoaRMATIo

Cost Factor canke-t cost * Hughes Aircraft CompanyC. . ...... .... . 7200 Hughes Terrace
Water Processing $ Los Angeles, CA 90045

(310) 568-7200

Materials Cost/Use Low number of uses $$$

Asseb*, Assembly increases wil)O $$ 'Primary Business: Aircraft, electronics
c count; disassembly &w hi' • Total Employees: 60,000

MCC Cost Judgement - 1992 Sales: $7.71B

COMMENTS CONTACTS

This technology is suitable for low volume prototype Chuck Bieber
applications, due to its soft tooling approach to providing PHONE: (512)250-2881
TAB like leads for either face up or face down bonding. It PHN: (512)250-2881TABFAX: (512) 250-2893
is less attractive for high volume applications due to the
low throughput from the lead forming device. For Randy Root
applications planned to use TAB, this technology will PHONE: (714) 759-2814
allow for rapid prototypes of those systems and allows for FAX: (714) 759-2868
initial production while the fAB tape is developed.
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Supplier: I Hughes 1 Method: I Testable Ribbon Bondin
TAG Requirements ISpecification Meets TAGI Weight Score

Devi"e Type Rules 0____________ ___ __BiPolar iAccept y 2 2

CMOS Accept 3Y 3_3 3

BICMOS Accept Y -2 T 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 jAccept Y 2 2
Logic Accept Y 2 2
Gate Arrays Accept Y 2 2
ASICs Accept Y 2 2
Perpheral bond pads Accept Y 2 2
Array pads Accept N 2 0
Bumped de Accept N 2 0

Device Type Rules Subtotal 0 29
Wafer/Ole Size Rules 0
Size 2.5K-SOOK m112 Y 2 2
max. aspect ratio 3 to I Y 1 1
min. size tolerance ±0.5 mils or larger Y 2 2
die thickness 10 - 30 mils Y 2 2
min. thiclomes tolerance 1±1.0 mils Y 2 2

Wafer/Die Size Rules Subtotal 0 9
Intrconnect Rules 0
Planaidty: Pad to pad height varation up to 1.0Lm variation Y 2 2
IC Pad planafty NO planarty degradation of die Y 2 2
Metallurgy accepted Al, Au, Solder N 2 0
Metallurgy Chanes required NO change in quality/reliability N 3 0

Interconnect Rules Subtotal 0 4
Device Desg Rules 0
Change or impact required NO change Y 3 3

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

0
Wafer I 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 reqd 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 d! 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: IHughes Method: I Testable Ribbon Bondin
TAG Requirements 1 Specification Me s TAG?. Weight Score
Rc compatible w/ bandwidth !YES Y 3 3
Backside electrcal connection ýYES y 3 3
Pin 1 Identifier provided YES V 3 3
Contact pa on weNls up to 1.5 Wn. YES _ 3 _ 3
Contact passivalon wells up to 8.0 Inm YES 2__ 0

Test & Sum In - General Rules Subtotal . 0 i21

Low 90 Test Rules 0

Caneir Operation Temperature 0-1250C Y 3 3
Contact Resistance < 0.5 Q y __3 __3
Min. Clock Freq 100 MHz Y 2 t2

Pad contact (Peripheral, array, both) Both N 2 __ 0
Pad metallization accepted(AI,Au,Solder) ALL N 1 0
Min. pitch 2001im Y 3 3
Min. pad dimension 100 Im Y 3_3
Char. Impedance 500)±10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 3W/cm2 Y 2 2
Min. number of touchdowns / die 2 N 3 0

Low I/O Test Rules Subtotal 0 18
High ItO Test Rules 0
Carrier Operation Temperature 0-1254C Y 3 3
Contact Resistance < 0.5fl y 3 3
Min. Clock Freq 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AJ,Au,Solder) ALL N 1 0
Min. pitch 150prm Y 3 3
Min. pad dimension 75 tn N 3 0
Char. Impedance 50(2±10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handing capacity 1OW/cm2 Y 2 2
Min. number of touchdowns / die 2 N 3 0

High I/O Test Rules Subtotal 0 15
Bum In Rules 0
Die Temperature max 1750C Y 3 3
Ambient temperature max 1500C Y 3 3
Contact Resistance 5 0.5 n Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AI,AuSolder) ALL N 1 0
Min. pitch 200Irm Y 3 3
Min. pad dimension 100 tun Y 3 3
Power handing capacity 3 W/cm2 - 1 OW/cm2 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 0 141
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MICRO SMT/JOHNSTECH
SMT Die Package/Socket

GE RAL JFMATION ing reliability testing of the package have been performed

A minimal packaging approach which e at a customer site. The issue of availability of suitable

the die in micro-fabbed SMT packages and relies on fine sockets appears to be resolved by sockets designed and

pitch sockets from Johnstech International is proposed by fabricated by Johnstech International- That firm has
indicated it's capability to fabricate both single andMicro SMT~f to provide fully tested die in a small, thin, mutpesesoeswhcacmodeteMirST

SMT style package. The Micro SMT process provides multiple site sockets which accommodate the Micro SMT

plated silicon pillars as surface mount style contacts, and package style.

the die are directly inserted into sockets from Johnstech
for test and bum-in These die may be shipped to custom- TEcNICmAL DEscRwnON
er for direct insertion in existing (fine pitch capable) Micro SMT performs additional wafer processing to
surface mount assembly operations, and may also be re- create a die in a micro-fabbed package with peripheral
screened in sockets at the customer site. The Johnstech SMT style leas fabicte directly onto the die (Figure
socket uses a metallic contact pin with scrubbing action to 2 die itself is completely encapsulated during dhe
make contact to the die package contacts with mechanical process. The method does not directly address the
alignment (Figure 26). The backside of the die is used for h Th t es not directly are thethe ew ontct oint, ad te fontof t e de i coted handling or test and burn-in issues which are normally a
the new contact points, and the front of the die is cod part of the KGD problem. The process instead ruggedizes
with epoxy; thermal management may be provided by an the chips by packaging them in a micro fabricated SMT
optional heat sink which is attached to a cap over the style format, so they can be handled effectively in a
epoxy coat. Micro SMT is in development of this technol-stlfoasohecnbeadedfetilynaepoxy foraVLS compone. It hs pevlopmentously beenoqul- production environment. The process provides a hard
ogy for VLSI components. It has previously been quali- contact surface that can be probed without significant
fled for small, low pin count components. Initial packag- damage and maintains tight planarity. Micro SMT has

received assurances from equipment suppliers that
A short pin standard SMT equipment for handling, test, and bum in

c c fcan and will be scaled down to accommodate the new
DUT. 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

Figure 26. JohnStech Short Contact Technology required Vias are required on a minimum pitch of 2 mil

Silicon

Figure 27. Micro SMT Package
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and can be located anywhere on the die. testing or bur-in yield comparisons have been performed

After the die are processed and separated, they are to qualify this product for VLSI applications. The

ready for insertion into the Johnstech sockets for test and discrete applications have been qualified to Mil-Std-883

bumrn-in and delivery as fully tested, packaged compo- level B by several customers since 1990.

nents. These components are then ready for direct Sockets from Johnstech have been tested for contiu-
insertion in a fine pitch surface mount board assembly ity and contact resistance, and the materials have been
process- selected for use in high temperature environments.

Evaluations for specific designs of the MicroSMT VLSI

READM UM sockets have not yet been performed.

Readiness Category: AUGNMENT MhrHOD

In development; samples of both die and sockets
have been delivered to customers. Reticle alignment in photolithography system for the

Micro SMT fabrication process. Alignment of the Micro
Equipilent Status: SMT packaged components in the Johnstech sockets is

Micro SMT is prepared to produce prototype quanti- mechanical.
ties of Micro SMT packaged VLSI components, but is
not yet capable of large production quantities. Equipment CONTACT MECHANIM
is currently in place for 3 inch diameter wafers, and plans
are to expand the line capability to 4 inch by January Plated Metallization to die bond pads creates new,
1994. Larger wafers must be sectioned for processing enlarged contact surfaces of "hard" metallization for

with existing equipment, which limits production vol- contact in the sockets.

umes. Plans for volume production of larger wafers (4",
5", 6") call for that equipment to be in place in 1994. KEY FEATURE

Johnstech is prepared to produce prototype quantities The Micro SMT process creates a very small SMT
of machined sockets, both for single site and multiple site package for any individual integrated circuit die. The
configurations, but production quantities would require Johnstech sockets provide reliable, high performance
tooling of molded socket components. sockets for use with the micro packaged die.

Process State:

The wafer processing steps have been completely No NCO wrrH TECmIOWGY ASSESMENT
developed. Once the die are "packaged" in the Micro GUIDELNES

SMT format, they may be handled in a manner identical
to existing packaged parts, using the Johnstech sockets This is essentially a packaging techr-,ogy. Much of

for test and bur-in. The parts would then be mounted on the Technology Assessment Guidelines does not apply.

printed circuit boards using an advanced SMT process
(current SMT placement equipment considers 12 mils as pp FW Dkcwrmo
"¶fine pitch.") OESFO nwM
""_pacity 1.0 Begin with Bare Finished WaferCapaty lmes:2.0 Micro SMT packaging process:

Equipment limitations restrict production of Micro 2.1 Remove oxide and epitaxial silicon from wafer

SMT parts to 50 wafers per day, independent of how s1Ribe arean

many die are on the wafer. If large wafers must be

sectioned, each section must be treated as a wafer. 2.2 Form metal connections in scribe line.

Qualification Issues: 2.3 Scribe line etch to create Si pillars.

The Micro SMT packaging format presents a host of 2.4 Epoxy coat top side of wafer.

issues for product qualification, including reliability 2.5 Thinning.
without nermeticity. Limited evaluations have been 2.6 Wafer Marking to identify die.
performed at customer sites, but no definite qualification
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MActv SPAT

2.7 Isolated contact deposition EQuPmr REQUED_
2.8 Deposit barrier and finishing metals Item cost Throughput

2.9 Wafer sort test Barrier coat system $700K
2. 10 Wafer saw Photo lithography station $875K

2.11 Placement in temporary packaging or handling Etch system $50K
trays.

3.0 Remove pans from handling tray, place into bum-in Furnace $50K

sockets. Metallization (sputter) $1M
4.0 Place in oven(s) and perform bum-in. Resist strip system $50K

5.0 Remove from bum-in board sockets, place into tester Epoxy dispenser $75K
socket & test. Wafer saw station $50K 10 wafers/hr.

6.0 Placement in delivery carriers/tape load

COMMENTS
ADVArAGES This approach to KGD seems best suited to extending

* Permanent bond will enhance contact reliability, existing surface mount assembly operations to their

* Minimal package provides added protection against physical limitations. The very fine pitch requirement
handling and environmental damage. implies that the user of this technology employ "state of

the art" SMT part alignment and placement equipment to

DIADvN•TAGES obtain the benefits of this technology.

"* Permanent bond will limit final assembly options.
"* Additional wafer processing will significantly SuppLIE BUSINESS IoRMTN

increase wafer fabrication costs, and introduce * Micro SMT, IncJM-Pulse
defects. 576 Charcot Avenue

"* Wafer scribe streets are not available for test San Jose, CA 95131
structures. (408) 432-1480

"* Technology is pitch limited. * Primary Business: Semiconductors

CONCERNS * Total Employees: 30

"* Minimal packaging does not fit intent of known 1992 Sales: $2.5M
good die. CONTACr

"* SMT processes may not be able to accommodate the Dn Richmond
most aggressive geometries on these packages. PHONE: (408) 432-1480

"* The Micro SMT process is quite different from FAX: (408) 432-3440
standard processes; optimization and qualification
are expected to be issues. AwnmoNL SupmE BftsNs ImFoRMAoN

"• Process may require wider than desired scribe streets • Johnstech Int'l.
which may limit the total number of die per wafer. 2800 Anthony Lane NE

Minneapolis, MN 55418

EQuIFwqT DEsc noN For AuTOMATw Plotc (612) 927-0485

The wafer processing for creating SMT style leads * Primary Business: Short contact high-performance

requires standard thin film and photolithographic equip- test sockets

ment. To coat the top side of the wafer, an epoxy dis- CONTACT
penser with a three axis positioner with a positive dis- David L Senum
placement pump would be desirable. The wafer saw
station consists of a wafer mounter, wafer saw, and wafer PHONE: (612) 927-0485
cleaner. FAX: (612) 781-2584
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NORTHERN TELECOM
Frame Automated Wire-bonding

GENRAL INOMAnTON 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
S exsi resources. This technology was recently de- standard testAbum-in sockets.
scribed in a presentation to the International Electronics - The use of a wire-bonder as a multiaxis, pattern
Packaging Society'. The FAW approach is a carrier based recognition assisted, programmable machine tool to
approach which wire-bonds the die into a temporary consistently make and cut the short, low-profile
carrier for test and bum-in (Figure 28), then-after the die wre-bonds which connect the IC to the test carrier.
has been shipped in the temporary carrier--cuts the wire-
bonds (Figure 29), providing a fully tested die with wire- b These fronter to cskive off' the wiere

bond alead at~ii~ tothebon pad. Te de ~bond stubs from the test carriers so that the carreersbonds already att•h-d to the bond pads. The die maymaberud(Fge31)

then be placed and outer lead bonded using the existing may be rused (Figure 31).
leads (Figure 30). Th.,zownct mechanism is a wire-bond, • The use of single point wirebonding to perform final

alignmen is a function of the w-re-nonder, and thermal IC attach to substrate in face up or face down
management is performed by the carder "d the tempo- configuration-
tory die attach material. This technology is not currently This KGD approach involves wire-bonding die into
in use, but is available for use, and little development low-cost temporary test carriers (these careers may be
effort would be required to bring it into production. made in many configurations, but either FR4 or ceramic

seem the most applicable) for test and burn-in, then

TECHMCAL DC ETIt ON cutting the wire leads, leaving a die with wires bonded to
each pad. The die may then be placed onto a substrate in

Simplicity of operations and use of common wire- either a face up or face down configuration, and a single
bonding equipment, reusability, and use of existing test point wire-bonder is then used to bond the end of each
and bumn-in resources are key points in the Northern wire to the substrate. The figures provided show the die
Telecom Frame Automated Wire-bonding KGD method. being placed in recesses on both the carrier and the
Five key concepts together comprise the elements of this substrate, but this is not necessary for all applications. Die

attach to the substrate is left as an open choice for the end
(Me.a, FR4ce or do ) Regutor AkumIna IC

" P for Use auto wirebondar as progtnnable mad*m * tool.
Ecelmnt Testal•ity Z-axis cut and tioit leads obviate Wbet Ied proles.

Figure 28. IC Is wimbonded Into carrier, which also Gan tool to catn eve,•alny leads sknuotmosly?

serves as the shipping container. Figure 29. Chip Is removed by cutting wires

"Frume Aommod Wire.bodding: A TAB equivaent for rnwtidup module atsembly", John C Walker, Proceedings of the lEPS 1992. pp. 9
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from carrier using auto wirebondler as

Carriers Recycled for Mu"ile Use
N.B. Fine-Pitch and Coplanarity not an Issue. (Augurs for Sandard Carriers plus deposit to Promote Carrer Recyclk- )

Figure 30. Single point bonding for final IC attach Figure 31. Carriers may be recycled

user to select. A number of choices are available from AUGNMENT MkrHoD
using vacuum hold-down to reworkable polymers and The wire-bonder performs alignment with automatic
thermo plastics. Thermal management is the key factor in the wire-g
this selection, and also is a driver in the design of the test optical system.
carrier.

CONTACT MMECIM

REISS L Wire-bond

Readiness Category:

Ready for production, but not currently in use. KEY IFATUREs

Eim nt Stats: Low cost of entry, exclusive use of wire-bonding
equipment and processes, and low-cost temporary test

All equipment required is common wirebonding and carriers.
handling equipment.

Process Status: NoNcowrCw E wrH TCFHNOLOGY AssFsMNT

Wire-bond processes are fully established and GuzEUNS
qualified at all major IC vendors; wire cutting is done
with wire-bonder also, using a chisel point head and z- t his is lired based packagnaxis uttig moion.technology which is limited to use with die which have
axis cutting motion. peripheral, Au or Al bond pads.
Capacity issues: e Wire bond approach means that die with area array

Throughput is a function of wire-bonder activity; the pads cannot be burned-in or tested.
bonder must be used to bond ICs into the test carriers, to * Process not designed to convert from array to
cut the leads after test and burn-in, and to rebond the perpheral bond pads.wires in the final application. eihrlbn as

uiresinthef i pication .i Cannot accommodate incoming solder-bumped die;
Qualificaon issues: process not defined for use with solder.

Although wire-bonding processes are routinely Wire bonding is an uncontrolled impedance environ-
qualified at most IC vendors, this particular procedure for ment. However, it should be noted that wires used in this
KGD has not been qualified. This method is not currently method are extremely short, minimizing the unshielded
in use by Northern Telecom. electrical path.

Bonds are permanent and bond pads may not be used
in future assemblies. This is counted as a significant
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change in the metal and limits the technology to a single * See also NONCOMmLIANcE TO TcimwoLwO Assiss-
touchdown. wmTr GuirNsws.

PIocEss FLow DESCROnoN CONCUNS

1.0 Begin with die (sawn) on wafer tape or in waffle * Minor bending will have significant impact on ease
pWcks of subsequent assembly; wires will be difficult to

2.0 Pick and place die into carrier recess (die attach?) keep in position as and after they are cut from

3.0 Optically reference die in carrier carrier.

4.0 Sequentially wire-bond each bond pad to carrier pad. I2IPMENT REQUID

5.0 Apply protective cover or encapsulation to carrier * Pick and place system

(optional) e Automatic or semiautomatic wirebonder

6.0 Follow normal test and burn-in procedures

7.0 Ship IC in temporary test carrier COST

8.0 Optically reference die in carrier (using wire-bonder) Cost modeling performed by Northern Telecom

9.0 Sequentially cut each wire-bond lead indicates that frame wire-bonding offers at least cost

10.0 Remove die from carrier, place into final assembly parity with PLCC packaging with equivalent levels of test

location, and use single point bond attach. and bur-in.

11.0 Either by using a second bonder or by replacing head
in original, "skive off" the wire-bonds from the COMMENTS
carrier bond pads to prepare the carrier for reuse. This is one of the approaches which offers a method
This step is accomplished by setting the bonder head for IC vendors to enter the KGD marketplace without
flat against or close to the substrate surface and using having to invest significant resources to do so. It leaves
a horizontal motion to shave the excess metal away wire-bonds on the die, which dictates the nature of
from the surface. subsequent processing and module bond configurations.

12.0 Return carriers for reuse.

Sunum BuS•ESS INFORMATION
ADVANTAGES Northern Telecom

"* Permanent bond will enhance contact reliability. P.O. Box 3511 Station C

"* Quick turn-around, low NRE cost for small volume Ottawa, Ontario

prototyping. Canada KlY4H7

"* Uses mature process technologies.

"* Compatible with existing wire bond equipment. Primary Business: Telecommunications

"* Face down bonding allows uniform ground plane • Number of Employees:

placement * 1992 sales:

DSADVANTAGES CONTACT

"* Permanent bond will limit final assembly options. John C. Walker

* High volume will be relatively expensive due to Northern Telecom

cycle times. Ottawa, Canada
PHONE: (613) 763-5201

"* Wires are exposed and fragile after excise from FAX: (613) 763-5692

carrier
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Supplier: Northern Telecom Method: Frame Automated Wire
TAG Requirements Specification Meets TAG? Weight Score
DeiType 0Rule 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
Anraog Accept Y 2 2
Digital Accept Y 2 2
Mbied 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 de Accept N 2 0

Device Type Rules Subtotal 0 29
WaferDie Size Rule 0
Size 2.5K-500K WiI2 Y 2 2
max. aspect rato 3 to Y 1 1
min. size tolerance ±0.5 nmls or larger Y 2 2
die thikes 10 - 30 mils Y 2 2
mln. thiclness tolerance ±1.0 Mils Y 2 2

Wafer/Die Size Rules Subtotal 0 9
Interconnect Rules 0
Planaty. Pad to pad height variation up to 1.0lm variation Y 2 2
IC Pad planarity NO planarity degradation of die Y 2 2

etlurgy accepted A_ , Au, Solder N 2 0
Metallurgy Changes required NO change in quality/reliability N 3 0

Interconnect Rules Subtotal 0 4
Device D_ _ _ _ RUM_ _ 0
Change or impact required NO change Y 3 3

0

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

0

Wafer I 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
Acoeptable 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 V 2 2
Accuracy required for edge placement of di Does NOT require +1- 0.5 mils Y 2 2

Wafer Mount & Saw Rules Subtotal 0 4
Tegt & Bum In - General Rules 0
B!ST Capae YES Y 3 3
Basic function test YES V 3 3
simulation/connection YES Y_1 3 _ _ 3
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Supplier: Northern Telecom Method: lFrame Automated Wire
TAG Requirements Specification Meets TAGý Weight tScore
Rc compatible w/ bandwidth YES Y f 3 3
Backside electrical connection YES Y 1 3 3
Pin 1 Identifier provided YES Y 3 3
Contact passivaion wells up to 1.5 pm YES Y 3 3
Contact passivalon wells up to 8.0 pm YES 2 0

Test & Bum In - General Rules Subtotal _ _0 21
Low I/0 Teot Rules I 0

Carrier Operation Temperature 10-1250C Y 3 3
Contact Resistance <:5 0.5 a Y 3 3
Min. Clock F__q 100 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(AIAuSolder) ALL N 1 0
Min. pitch 200pm Y 3 3
Min. pad dimension 100 rn Y f 3 3
Char. Impedance 150Q ±1o0/6 N 2 0
Bandwidth 1500 MHz Y 2 2
Power handling capacity 3W/cm2 Y 2 2
Min. number of touchdowns / die 2 N 3 0

Low I/O Test Rules Subtotal 0 18
High IK) Tedt Ruien 0

Carrder Operation Temperature 0-1250C Y 3 3
Contact Resistace 5 0.5 Q Y 3 3
Min. Clock Freq 100 MHz Y F 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallizaton accepted(AAuSolder) ALL N 1 0
Min. pitch 150pm Y 3 3
Mln. pad dimension 75pum Y 3 3
Char. Impedance 500 ±10% N 2 0
Bandwidth 500 MHz Y 2 2
Power handling capacity 1OW/cm2 Y 2 2
Min. number of touchdowns / die 2 N 3 0

High I/O Test Rules Subtotal 0 18
Bum In Rules 0
Die Temperature max 1750C Y 3 3
Amin temperature max 150TC Y 3 3
Contact Resistance < 0.5 a Y 3 3
Min. Clock Freq. 20 MHz Y 2 2
Pad contact (Peripheral, array, both) Both N 2 0
Pad metallization accepted(A1,Au,Solder) ALL N 1 0
Min. pitch 200pM Y 3 3
Min. pad dimension 100 gm Y 3 3
Power handfing capacity 3 W/c=2 -1OW/cm2 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
4 0

Inspection 0
Allow optical inspection of device YES Y 2 2

0
TOTAL SCORE 0 1441

137



Tssw

TESSERA ASSOCIATES
Compliant Chip

GvNa&L ILiOMATKON 4

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 reroting 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'old 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.

TECHNIAL DzscRwrIoN

The TCC technology is a micro packaged die with a
ball grid array interface to ih 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 Figure 33. Tossers Compint Chip
the bump normal force in a carrier. Bond pad leads
fabricated on the flex circuit are bonded to the die bond
pads in a process similar to TAB inner lead bonding. The The leads of the flex circuit which ar bonded to the die
chip backside is completely available for thermal man- pads are allowed to bend, absorbing the expansion andagemnt, nd he fex ircut iterfcesthe C ~contraction of the IC through thermal excursons, while
with and the as ex. proviingathermales insulator substra, the flex is interfaced to substrate through the nickel/gold

bumps. The flex circuit is expected to absorb any
expansion or contraction of the substrate. A
PGA style carrier has been developed for

F --- Cho test and burn-in of ICs with the nickel/gold

Uwbq n bumps on flex interfacing to gold plated
R" w -- w--,Bup MAW bond pads on the socket, and the elastomer

providing the compliance and normal force.

Figure 32. Generalized TCC Cross Section
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Tessera

RADNE LEvM Paoc•ss FLow DESCRHnoN

Rhadhm Category: 1.0 Begin with die sawn on wafer tape, or in waffle

In development. packs.

Equipment Stat.': 2.0 Fabricate the BGA flex tape.
•, 3.0 Die is micro packaged in TCC format

All equipment required for the TCC die micro

packaging is now in place at Tessera, and certain pieces 3.1 Apply elastomer to tape

of this equipment are being optimized for production 3.2 Bond tape to die
thrughpt increases. 3.3 Encapsulate bonds

Proem Status: 3.4 Attach ring if used

The TCC uses flex circuit to route signals to ball grid 4.0 Place die into PGA carrier (alignment is by place-
array. Bonding processes similar to TAB inner lead ment in spring-locked chip well or by pin alignment
bonding processes to create the micro packaged die. KGD to ring)
carrier assembly/disassembly is curently a manual 5.0 Secure with clamp support plate.
operation- 6.0 Test as a PGA packaged component.

Capaciy issues: 7.0 Burn-in as a PGA packaged component.

Tessera is currently producing about 50 parts per 8.0 Remove TCC from carrier and place in packaging
week at their facility, and plans to continue to use their for delivery.
own facilities (a 30,000 sq. ft. fab facility has been
established which is now operational) for prototypes and
early build requirements. Volume prcduction of TCC ADVANTAGES

micro packaged die would be licensed to a volume * Permanent bond will enhance contact reliability.
manufacturer. • Minimal package provides added protection against

M. ioum: handling and environmental damage.

Preliminary reliability testing has already been * Interconnect leads are very short.
performed with good results (this information has been -Test contacts have relaxed pitch and increased
published by Tessem), and a full qualification plan is in compliancy and durability.
place. The palts build for the qualification work is
currenly underway.

DISADVANTAGES

AUGNMbrTfr MIn7D * Permanent bond will limit final assembly options.

The flex circuit reroutes the die bond pads to bump
arrays on 0.5 mm to 1.25 mm pitches, which is easily CONCMNs
aligned using mechanical placement mechanisms.

EQWurmREQUOMCO!,ACr EHNS
* Once the die are micro packaged in the TCC format,

Pressure contacts of nickel/gold TCC bumps on gold the only equipment required is to support standard test
plated pads of PGA style carrier, and bum-in socket sites for PGA style packages. Assem-

bly and disassembly of die into the PGA style carriers is a

No.o. mmuc wrrH m Assm NEr manual operation. Subsequent handling of the PGA
Scarriers for loading into test sockets or burn-in boards

may either be performed manually or with automated
This is essentially a packaging technology. Much of eithent.

the Technology Assessment Guidelines does not apply.
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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

CoMENTS Dr. Gary Geschwind
Marketing
PHONE: (408) 894 - 0700
FAX: (408) 894 -0768

SUPuE BUsDWss 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
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7.0 Conclusion
PMS I THNOLOGY ASSESSWENT COcLSOMNS MCC and the task group of industry representatives

Section I of this report contains the assessments This section (section 1) of the reporL has been devoted

"performed at MCC for the first phase of the Consortia for the technical assessment of KGD technologies for test
KGD contract. The phase I assessments focused on and bum-rn of bare or minimally packaged die. The

technologies which are being developed for single die test technical assessments were the culmination of much of
and butrn-in, and which take advantage of the existing the work in phase L
packaged part test and burn-in methods, equipment and The TAB and Flip Chip addenda to Standard for
strategies. Known Good Die were developed by the industry task

Soft Connectou Methods group and submitted to JEDEC for standardization. These

These methods of test and burn-in are the most documents are contained in section 4 of this report. These

mature, being the only methods being used today to documents extend the original Standrdfor Knwn Good

actually product KGD. The R3 (reduced radius removal) Die to encompass procurement standards for TAB and

KGD technology is the only technology which was Flip Chip die.

identified as producing an appreciable volume of KGD The major task completed by the industry task group
into products. In general, the soft connection mehtods was development of the Technology Assessment Guide-

seem to be most suitable for low volume, cost tolerant line for Methods, Materials and Equipment Necessary to
applications. Some of the soft connection methods may Prepare and Ship Semiconductor Devices as Fully
require a particular final assembly method (such as C4 Warranted Bare Die Product which is referred in this
flip-chip for the IBM R3 technology), report as the Technology Assessment Guidelines or TAG.

Temporary Contact Methods These guidelines were developed by the KGD task group
as the industry consensus document to be used for the

The tempora( y contact methods for KGD are the assessment of the various KGD technologies. We have
prerreetd (by TAG) KGD methodss, and these Te y added test methods to the guidelines which will enable
gies are attracting the most interest in the industry. They %hands-on! evaluations of various technologies to be done
are, in general less mate and most a s have uniformly. We plan to use the TAG to guide the phase H
only recently begun to show promise. Contact to alumi- evaluations and to make recommendations on updating
mm pads and the capability for contacting array pads the TAG after the evaluations are complete. The latest
seem to be cfitical requirements for the industry, again as revision of the TAG is contained in section 3 of this
spelled out by the TAG. These methods require no post repot
processing to the wafer, which is also seen as critical forwidepred apliabilty f te mthod. Te cst f ~The cost model which was developed in phase I wasw idespread applicability of the m ethods. The cost of these u e r m rl o a s s h o to s n G a re s vcarriers is driven by the number of reuses possible, an used primarily to assess the cost of using KGD carriers vs
die ilod/unload methods are not as cost sensitive as costs of doing test and burn-in on packaged parts. The
originally believed, model is also capable of assessing the level of True Good

Die at certain stages of assembly, test and burn-in which
M hlaIPadkage Methods will enable a cost trade-off analysis for different test

For our phase I assessments, a number of technolo- strategies in the phase H worLk
gies which were termed minimal package mehtods of Finally, we have worked with a subcommittee of the
producing Known Good Die wete identified. Less industry task group to define the evaluation and qualifica-
attention was focused on these technologies because they tion testing to be done in phase HI. We expect to continue
are essentially packaging technologies which enhance the to work with this group as a steering committee for phase
capability for doing test and burn-rn. These technologies UI for the duration of the contract. The overview of the
require the use of certain final assembly technologies, phase HI work is contained in this report as section H.

PHAW I DELVLULs

The conclusion of phase I brings to closure a number
of tasks which were undertaken by MCC and jointly by
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TAG SCOE 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 is based on scores, we have developed a series of Exel spreadsheets
the weights recommended by the TAG subcommittee and in 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 Wafed inter Device Wafer Probe Mount & Test & Low High Bur Pack Inped Total
Type Diesin connect Design Fab Saw Bum 90 VO In &

hi Test Test Shi
_ _Gener

Perfect 33 9 9 3 3 11 4 21 26 26 25 3 2 175

Acslst 33 9 9 3 3 11 4 21 26 20 25 3 2 169

AEHR 33 9 9 3 3 11 2 21 26 26 25 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 21 21 22 3 2 153

ELMO 28 9 4 3 0 11 4 21 21 21 22 3 0 147

Fresh 31 9 9 3 3 11 2 21 24 24 23 3 2 165
QuestII

GEHDI 28 9 4 3 3 11 4 21 21 21 22 3 0 150

Hughes 29 9 4 3 3 11 4 21 18 15 19 3 2 141
TRB
IBM 31 9 7 3 0 11 4 21 25 25 24 3 2 165
Dendrites
IBMR3 31 7 7 3 0 11 4 21 25 25 24 3 2 163

MCC 31 9 9 3 3 11 4 21 22 22 23 3 2 163

MCNC 31 9 4 3 0 11 4 21 25 25 24 3 2 162

Micron 33 9 9 3 3 11 4 21 24 24 25 3 2 171
KGD+
Micron 29 9 4 3 3 11 4 21 18 18 19 3 2 144
Softool
Northern 29 9 4 3 3 11 4 21 18 18 19 3 2 144
Telecom
Packard 33 9 9 3 3 11 4 21 26 26 19 3 2 169
HM
Plastronics 33 9 9 3 3 11 4 21 18 18 19 3 2 153

Quawd 33 9 4 3 3 11 4 21 26 26 25 3 2 170

Sandia 30 9 7 3 0 11 4 21 24 24 25 3 0 161

TI/MMS 33 9 9 3 3 11 2 21 26 26 25 3 2 173

Tribotech 33 9 9 3 3 11 4 21 24 24 25 3 2 171

Yamakchi 33 7 9 3 3 11 4 21 26 26 25 3 2 173

Average 30.9 8.8 6.8 3.0 2.1 10.9 3.5 21.0 22.7 21.3 22.5 3.0 1.6 160.9

S.D. 2.0 0.6 2.3 0.0 1.4 0.6 1.1 0.0 3.2 3.9 2.5 0.0 0.8 10.5
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Compan Dec Wae MW Device Water Probe Moun Test A Low H1 Bu Pick Total
Type Deize conne Design Fab & Saw Bum 110 110 In &

"hIn Test Test Ship
GeMner

P~ 9 9 7 3 3 11 4 6 9 0 14 3 2 80

Aeuist 9 9 7 3 3 11 4 6 9 0 14 3 2 80

AEIR 9 9 7 3 3 11 2 6 9 0 14 3 2 78

Cailfom 9 9 7 3 3 11 2 6 9 0 14 3 2 78
Conctact

Chip 9 9 7 3 0 11 4 6 9 0 14 3 2 77

ELMO 9 9 4 3 0 11 4 6 9 0 14 3 0 72

Fresh 9 9 7 3 3 11 2 6 9 0 14 3 2 78

GE =qH)1 9 9 4 3 3 11 4 6 9 0 141 3 0 175

H.hes 9 9 4 3 3 11 4 6 6 0 11 3 2 71
TRE
IBM 9 9 7 3 0 11 4 6 9 0 14 3 2 77
Dendrites
IBMR3 9 7 7 3 0 11 4 6 9 0 14 3 2 75

MCC 9 9 7 3 3 11 4 6 9 0 14 3 2 80

MCNC 9 9 4 3 0 11 4 6 9 0 14 3 2 74

Micron 9 9 7 3 3 11 4 6 9 0 14 3 2 80

Micron 9 9 4 3 3 11 4 6 6 0 11 3 2 71

Northern 9 9 4 3 3 11 4 6 6 0 11 3 2 71
Telecom
Packard 9 9 7 3 3 11 4 6 9 0 8 3 2 74

]Phtoaics 9 9 7 3 3 11 4 6 9 0 14 3 2 80

QUIhi 9 9 2 3 3 11 4 6 9 0 14 3 2 75

Sandia 9 9 7 3 0 11 4 6 9 0 14 3 0 75

T1/MMS 9 9 7 3 3 11 2 6 9 0 14 3 2 78

"Tiribotech 9 9 7 3 3 11 4 6 9 0 14 3 2 80
*

Yamaichl 9 7 7 3 3L11 4 6 9 0 14 3 2 78

Tablel5: The TAG weights were changed to reflect a specific application. The technologies are assessed to determine
the capabilities for test and burn-in of a small low speed CMOS die, with a low number of peripheral I/O on relaxed
pitch. The weights of the line items of the TAG which are not relevant to this die are simply set to zero.
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Compny Dce WedW Inter Device Wafer Probe Mount & Tet & Low High Bum Pa I Total
Type Die c conned Design Fab Saw Bum 11O 90 In &

hI Test Tedt Ship
Gener

Per ~ct 12 9 7 3 3 11 4 12 0 21 22 3 2 109

Acsist 12 9 7 3 3 11 4 12 0 17122 3 2 105

AEHR 12 9 7 3 3 11 2 12 0 21 22 3 2 107

Cafforli• 12 9 7 3 3 11 2 12 0 17 22 3 2 103

Chip 12 9 7 3 0 11 4 12 0 21 22 3 2 106

ELMO 12 9 4 3 0 11 4 12 0 21 22 3 0 101

Fresh 12 9 7 3 3 11 2 12 0 21 22 3 2 107

GEHDI) 12 9 4 3 3 11 4 12 0 21 22 3 0 104

Hughes 12 9 4 3 3 11 4 12 0 15 19 3 2 97
TRD
IBM 12 9 7 3 0 11 4 12 0 21 22 3 2 106
Dendrites
IDMR3 12 7 7 3 0 11 4 12 0 21 22 3 2 104

MCC 12 9 7 3 3 11 4 12 0 21 22 3 2 109

MCNC 12 9 4 3 0 11 4 12 0 21 22 3 2 103

Mkcros 12 9 7 3 3 11 4 12 0 21 22 3 2 109
KGD+

Mkroa 12 9 4 3 3 11 4 12 0 18 19 3 2 100

Neord- 12 9 4 3 3 11 4 12 0 18 19 3 2 100
Tellecom
Packard 12 9 7 3 3 11 4 12 0 21 16 3 2 103

Plbatonmics 12 9 7 3 3 11 4 12 0 15 16 3 2 97

Quaw 12 9 2 3 3 11 4 12 0 21 22 3 2 104

Sandia 12 9 7 3 0 11 4 12 0 21 22 3 0 104

TJMMS 12 9 7 3 3 11 2 12 0 21 22 3 2 109

Trlbotech 12 9 7 3 3 11 4 12 0 21 22 3 2 109

maich 12 7 7 3 3 11 4 12 021 22 3 2 109

Table 16: The TAG weights were changed to reflect a specific application. The technologies are assessed to determine the
capabilities for test and burn-in of a large high speed, high power, ECL die, with a high number of peripheral I/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.
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Company Device WafeW Itr Device Wafer Probe Mount A Test & Low High Bur Pa Inspe Total
Type Die iz conned Deign Fab Saw BuXnm YO In &

"hI. Test Test Ship
Genera

Perfct 11 8 3 3 0 11 2 12 0 23 22 3 2 100

Acsist 11 8 3 3 0 11 2 12 0 17 22 3 2 94

AEHR 11 8 3 3 0 11 2 12 0 23 22 3 2 100

Caifornia 8 8 3 3 0 11 2 12 0 17 22 3 2 91
Contacts
Chip 5 8 3 3 0 11 2 12 0 21 22 3 2 92

ELMO 5 8 0 3 0 11 2 12 0 21 22 3 0 87

Fresh 8 8 3 3 0 11 2 12 0 21 22 3 2 95

GEBDI 5 8 0 3 0 11 2 12 0 21 22 3 0 87

Hghes 5 8 0 3 0 11 2 12 5 19 2 80

IBM 11 8 3 3 0 11 2 12 0 23 22 3 2 100De,,rite
IBMlR3 11 8 3 3 0 11 2 12 0 23 22 3 2 100

MCC 8 8 3 3 0 11 2 12 0 21 22 3 2 95

MCNC 11 8 0 3 0 11 2 12 0 23 22 3 2 97

Micron 11 8 3 3 0 11 2 12 0 21 22 3 2 98
KGD+
Micron 5 8 0 3 0 11 2 12 0 18 19 3 2 83
Softol
Northiern 5 8 0 3 0 11 2 12 0 18 19 3 2 83
"Tehecm
Packard 11 8 3 3 0 11 2 12 0 23 16 3 2 94

Plastronics 11 8 3 3 0 11 2 12 0 15 16 3 2 86

QUab 11 8 0 3 0 11 2 12 0 21 22 3 2 95

Sandia 11 8 3 3 0 11 2 12 0 21 22 3 0 96

TI/MMS 11 8 3 3 0 11 2 12 0 23 22 3 2 100

Tribotech 11 8 3 3 0 11 2 12 0 21 22 3 2 98

Yamalchi 11 6 3 3 0 11 2 12 0 23 22 3 2 98

Table 17: The TAG weights were changed to reflect a specific application. The technologies are assessed to determine the
capabilities for test and bum-in of a large high speed, high power, BiCMOS die, with a large number of solder bumped array
I/O. The weights of the line items of the TAG which are not relevant to this die are simply set to zero.
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PUAS I OBS7MVATONS

KGD is still the major obstacle to a cost competitive At this time there is not an industry-accepted technol-
MCM industry. During the course of phase I of the ogy solution to KGD problem. The industry preferred
program, it has been clear that there is much interest in methods for assuring KGD (according to the TAG) are
the KGD issue. Both as it pertains to the technology being temporary contact approaches. However, the announced
developed and to the overriding issues of MCM test KGD carrier development schedules have slipped in the
strategies, KGD market size and maturity,. Phase I of past year. Even given that the large IC supplier internal
this program has focussed on the technology issues with carrier development programs meet with success, this will
test and burn-in at the die level. However, even with this not satisfy the MCM industry.
narrow focus, a common understanding of the KGD For the temporary contact approaches, the contact
issues, problems and opportunities developed among mechanism is still troublesome. Reliable, repeatable, low
those who participated in the task group meetings. This is cost, low Q contact to Aluminum bond pads over
a valuable by-product of consortia programs such as this. temperature remains a significant technical challenge.
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Appendix 1. Cost Analysis Inputs

The cost model 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-
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

AUl 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 consermable materials. However, these are probably relatively unusual and for the general
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 nu-nbers that would -roduce a range of approximately $35 to $87
for a 1 cm 100 pin device, with a x %-s Pikely cost of $60 (excluding NRE costs). These number 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 break-down of the costs.
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Assumption: Interconnect S/piece Cel l: C47

Triangular distribution with parameters: Interconnect S/piece

Minimum $34.00
Likeliest $55.00
Maximum $77.O00

Selected range is from $34.00 to $77.00

$34.00 $44.75 $55.50 $66.25 $77.00

Assumption: Interconnect S/cm Cell: 647
Interconnect S/cm

Triangular distribution with parameters:
Minimum $0.50
Likel lest $2.00
Maximum $4.00

Selected range Is from $0.50 to $4.00

$0.50 $1.38 $2.25 $3.12 $4.00

Assumption: Interconnect S/pin Cell: E47

Triangular distribution with parameters: Interconnect $/pin

Minimum S0. 001
Like] lest $0.00S
Maximum $0.010

Selected range Is from $0.001 to $0.010

S0.001 $0.003 $0.006 SO.008 $0.010

Interconnect Replacemnent 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 I - 15 minutes at a
rate of $20 per hour.
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Assumption: Replace Inter S/prod Cell: C65
Replace kiter S/prod

Triangular distribution with parameters:

Minimum $0.50
Like] lest $2.00
Maximum $5.00 I

Selected range is from $0.50 to $5.00

$0.50 $1.62 $2.75 $3.88 $5.00

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 S/prod Cell: E65

Triangular distribution with parameters: interconnect Tooling S/prod

Minimum $5. 000
Likel lest $8.000
Maximum $15.000 I

Selected range Is from $5. 000 to V15.000

$5.000 $7.500 $15.000

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 I 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 S/piece Cell: G34

Triangular distribution with parameters: Carrier S/piece

Minimum $36
Likel lest $48
Maximum $60

a,.

Selected range is from $36 to $60

S36 $42 $48 $54 $60
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Assumption: Carrier $1cm2 Cell: C40

Triangular distribution with parameters: Carrier S/cm2

Minimum $0.50
Likeliest $I.00
Maximum $1.50

Selected range Is from $0.50 to $1.50

$0.50 $0.75 $1.00 $1.25 $1.S0

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. In
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 S/piece Cell: G28

Triangular distribution with parameters: Socket $/piece

Minimum $10
Like)i est $24
Maximum $34

Selected range is from $10 to $34

$10 $16 $22 $28 $34

Assumption: Socket Sicm Cell: C34

Triangular distribution with parameters: Socket $/cm

Minimum $0.50

Likel] est $1.00
Maximum $1.50

Selected range is from $0.50 to $1.50

$0.50 $0.75 $1.00 $1.25 $1.50
Assumption: Socket S/pin Cell: E34

Socket S1/pin

Triangular distribution with parameters:

Minimum $0.50
Like] lest $1.00
Maximum $1.50

Selected range Is from $0.50 to $1.50

$0.50 $0.75 $1.00 $1.25 $1.50
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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 life.
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) Cel l: C53

Triangular distribution with parameters: Life (* assemblies)

Minimum 500
Like] lest 5000
Maximum 10000 i

Selected range is from 500 to 10000

500 2875 5250 7625 10000

Thermal Life (hours):
Thermal life is the number of hours at temperature that a carrierfmterconnect assembly

can withstand and still make good contact with a die. This measure is independent of any
temperature cycling (i.e., only one temperature excursion). One thousand hours was chosen as
a lower limit because it is believed to be consistent with life-times for CuMPI 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 bum-in uses.

Assumption: Life (Thermal hrs) Cell: E53
Life (Thermal hrs)

Triangular distribution with parameters:
Minimum 1000
Likeliest 3000
Maximum 10000

0a.

Selected range Is from 1000 to 10000

1000 3250 5500 7750 10000
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IMRCM Cycles:
The number of temperature cycles is the number of times that a carrier/interconnect

assembly can go from ambient to bum-in temperature and still make good contact with a die.

Assumption: Life (Temp cycles) Cell: 653
Life (Temp cycles)

Triangular distribution with parameters:

Minimum I
Likel] est 500
Maximum 1000

Selected range Is from I to 1000

251 500 750 1000

Interconnect Mechanical Failures Cycles:
Mechanical failures is the percent of all interconnects which will have to be replaced due

to handling damage.

Assumption: Interconnect mechanical failure rate Cell: G59

Triangular distribution with parameters: failure rate

minimum 0.00%
Likel lest 2.00%
Maximum 5.00%

a.

Selected range Is from 0.00% to 5.00%

0.00% 1.25S 2.50% 3.75% 5.00%

Cleans (ReclaimT 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.
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Assumption: Uses/Reclaim Cell: C59

Triangular distribution with parameters: Uses/ Reclakn

Minimum 1
Likelilest 3
Maximum 50

20

Selected range Is from I to 50

13 26 38 50

Assumption: Reclaims/Interconnect Cell: E59

Triangular distribution with parameters: Reclaims/ Interconnect

Minimum 20
Like] lest 100
Maximum 1000

Selected range Is from 20 to 1000

20 265 510 755 1000

A1.2 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-rn
and test. If this is not the case, this step will have to be included twice.

PL 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".

CarrierAlig
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

Triangular distribution with parameters: Carrier Align S/unit (man)

Minimum $1.000
Likeliest $1.500 z

Maximum $2.000

Selected range Is from S 1.000 to $2.000

$1.000 $1.250 $1.500 $1.750 $2.000

Assumption: Carrier Align S/unit (auto) Cel I: C74

Triangular distribution with parameters: Carrier Align $/ unt

Minimum $40. 000
Like) lest $60.000 z

Maximum $80.000

Selected range Is from $40. 000 to $80.000

$40.000 $60,000 $80000

Assumption: Carrier Align sec/unit Cell: E73

Triangular distribution with parameters: Carrier Align sec/unit

Minimum 3
Likel lest 5
Maximum 10

E

Selected range Is from 3 to 10

3 5 6 8 10

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 thealignment of the die. This cost is expected to be small, and highest for mechanical align.
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Assumption: Die Align $iunlt (manual) Cel : 673

Triangular distribution with parameters: Die Align S unit (man)

Minimum $2.000
Likel iest $IO. 000
Maximum $20. 000 A

E

Selected range Is from $2.000 to $20.000

$2.000 511.000 220.000

Assumption: Die Align S/unlt (mechanical) Cell: 674

Triangular distribution with parameters: Die Align S/unit (mech)

Minimum S40. 000
Likeliest $60.000
Maximum $80. 000

Selected range Is from $40. 000 to $80. 000

$40.000 $60.000 $80.000

Assumption: Die Align S/unit (visual) Cell: 675

Triangular distribution with parameters: Die Align S/unit (vis)

Minimum $80. 000
Like] lest $120. 000
Maximum $200. 000 0

a.

Selected range Is from $80. 000 to $200.000

$80. 000 S 140.000 $200. 000

Assumption: Die Align sec/unit (visual. manual or auto) Cell: C81

Die Align sec/unit
Triangular distribution with parameters:

Minimum 6
Likeliest 12
Maximum 30

a.

Selected range Is fron 6 to 30

6 12 18 24 30
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Assumption: Die Align sec/unlt (mech) Cell: C82

Triangular distribution with parameters: Die Align sec/unit (mech)

Minimum 3
Likel lest 5
Maximum 10

Selected range Is from 3 to 10

3 5 6 8 10

Assumption: Align Tooling $/prod (manual) Cell: E81

Triangular distribution with parameters: Align Tooling S/prod (man)

Minimum $0
Like] lest $500
Maximum S1.000

Selected range Is from SO to $1.000

so $250 $500 S750 $1.000

Assumption: Align Tooling S/prod (mechanical) Cell: E82

Triangular distribution with parameters: Align Tooling $/prod (mech)

Minimum $0
Like] lest $1.500
Maximum $3.000

0.

Selected range Is from $0 to $3.000

$0 $750 $1.500 $2.250 $3.000

Assumption: Align Tooling $/prod (visual) Cell: E83

Triangular distribution with parameters: Align Tooling S/prod (v is)

Minimum so
Likeliest $1.000
Maximum $2.000

Selected range Is from $0 to $2.000

So $500 S1.000 $1.500 $2.000
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Assumption: Align Man Labor sec/unit (manual) Cell: G81

Triangular distribution with parameters: Align Man Labor sec/unit (man)

Minimum 2
Like] lest 10
Maximum 30

Selected range Is from 2 to 30

2 9 16 23 30

Placement of Die (Attachfl
Attachl1 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: Attach 1 Equip S/unit (auto) Cell: C91

Triangular distribution with parameters: Attach I Equip Se/ unIt (auto)

Minimum SJO.000
Likeliest 550.000

Maximum S IOO.000

Selected range Is from S 10.000 to S100. 000

210.000 $55.000 4100.000

Assumption: Attachl Equip sec/unit (auto) Ca 1i: E90

Triangular distribution with parameters: Attach I Equip sec/unit (mech)
Minimum 2
Likelilest 5
Maximum 10 2C

Selected range is f rom 2 to 10

2 4 6 6 10
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Assumption: Attach I Man Labor sec/unit (manual) Cel l: 689

Attach 1 Man Labor sec/unit (man)
Triangular distribution with parameters:

Minimum 2
Like] lest 10
Maximum 30

Selected range is from 2 to 30

2 9 16 23 30

Lid/spring placement:
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.

Assumption: Attach2 Equip $/unit (auto) COll: C98

Triangular distribution with parameters: Attach2 Equip S/unit (auto)

Minimum $10.000
Likeliest $80. 000
Max I mum $400.000

Selected range Is from S10. 000 to $400. 000

$10. 000 $205.000 $400.000

Assumption: Attach2 Equip sec/unft (auto) Cell: E98

Triangular distribution with parameters: Attach2 Equip sec/unit (mech)

Minimum 2
Like] lest 6
Maximum 24 I

Selected range Is from 2 to 24

2 8 13 18 24
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Assumption: Attach2 Man Labor sec/unit (manual) Cal t: C 105

Triangular distribution with parameters: Attach2 Man Labor sec/unit (man)

Minimum 2
Likel lest 20

Maximum 60

Selected range Is from 2 to 60

2 16 31 46 60

A1.3 Disassembly:
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 model for the general case assumes that the same carrier will be used for both
bum-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 S/unit (auto) Cell: 6106

Triangular distribution with parameters: DisAssm Equip $/unit (auto)

Minimum $20. 000
Like] lest $80.000
Maximum $300.000

Selected range is from $20.000 to $300.000

$20.000 $160.000 $300.000

Assumption: DisAssm Equip sec/unit (auto) Cell: C114

Triangular distribution with parameters: DisAssm Equip sec/unit

Minimum 3
Like] lest 10

Maximum 30
C.

Selected range Is from 3 to 30

3 10 16 23 30

159



Assumption: DIsAssm Man Labor sec/unit (man) Cell: 6113

Triangular distribution with parameters: DisAssm Man Labor sec/unit (man)

Minimum 6
Likel lest 15
Maximum 60

Selected range Is from 6 to 60

6 20 33 46 60

A14 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.

Assumption: Reclaim Equip S/unit Cell: E 12 1

Triangular distribution with parameters: Reclaim Equip S/unit

Minimum $50. 000
Likel lest $80.000
Maximum $400. 000

CL0.

Selected range Is from $50.000 to $400.000

$50.000 $225.000 $400.000

Assumption: Reclaim Equip sec/unit Cal l: G 121

Triangular distribution with parameters: Reclaim Equip sec/unit

Minimum I
Like] lest 5
Maximum 30

Selected range Is Fnrom I to 30

8 16 23 30
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Assumption: Reclaim Man Labor sec/unit Cell: C127

Triangular distribution with parameters: Reclaim Man Labor sec/unit

Minimum 0
Likel] est 10
Maximum 30

Selected range Is from 0 to 30

0 8 15 22 30

A1.5 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.

Assembly induced failures
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
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 failures (ppm) (manual) Cell: E105

Assem Induced per pin failures (ppm) (manual)Triangular distribution with parameters:

Minimum 50
Like] lest 100
Maximum 500 2

Selected range Is from 50 to 500

o 50 162 275 388 500
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Assumption: Assem induced per pin failures (ppm) (mechanical) Cell: E106

Triangular distribution with parameters: Assem Induced per pin failures (ppm) (mech)

Minimum 10
Likel Iest 20
Maximum 100

Selected range Is from 10 to 100

10 32 55 78 100

Assumption: Assem induced per pin fallires (Opm) (visual) Cell: E 107

Triangular distribution with parameters: Assem Induced per pin failures (ppm) (visual)

Minimum S
Likeliest 10

Maximum 50
0

Selected range Is from 5 to 50

5 16 28 39 50

Assumption: DisAssem induced failures (man) (ppm) Call: C 121
flisAssem induced failures (man) (ppm)

Triangular distribution with parameters:

Minimum 50
Likeliest 100
Maximum 500 1.

Selected range Is from 50 to 500

s0 162 275 388 500

Assumption: DisAssem induced failures (auto) (ppm) Cell: C123

Triangular distribution with parameters: DisAssem Induced failures (vis) (ppm)

Minimum 5
Likeliest 10 _
Maximum 50 2

Selected range Is from 5 to 50 _b

5 16 28 39 50
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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
4 ~Production Hrs/Yr-

Triangular distribution with parameters: P t

Minimum 4000

Like] lest 6000
Maximum 8760

Selected range is 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.

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

Normal distribution with parameters: Oper wages S/hr

Mean 12.50
Standard Dev. 1.25

Selected rangels f rom - to

8.75 10.62 12.50 14.38 16.25

Burdenrae

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: % Burden Rate Cell: C24

Normal distribution with parameters: S Burden Rate

Mean 20.039
Standard 0ev. 1.53 e

Selected range Is from - to

15.5S 17.83 20.0 22.23 24.53

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

Normal distribution with parameters: Non-prod U time

Mean 20.099
Standard Dev. 2.0-

Selected range is from - to

14.03 17.03 20.03 23.03 26.03

A1.8 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: 3 Test cov Cell: C20

Normal distribution with parameters: S Test Cov

Mean 80.03
Standard Dev. 3.03 O

Selected range is from - to

71.0% 75.53 80.03 84.53 89.03
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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 bum-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
Carder $/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
FReclaims/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
Carder Align $/unit (manual) $1,500 $1,000 - $2,000
Carder Align $/unit (auto) $60,000 $40,000 - $80,000
Carner Align sec/unit 5 3-10

Die Align $/unit (manual) $10,000 $2,000 - $20,000
Die 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 (manual) 10 2-30

Attach1
Attach1 Equip $/unit (auto) $50,000 $10,000 - $100,000
Attach! Equip sec/unit (auto) 5 2-10
Attach! 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 secianit (manual) 20 2-60

Disassembly
DisAssm Equip $/unit (auto) $80,000 $20,000 - $300,000
DisAssm 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
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Range or
Factor Likeliest or Standard

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%

1% Test Cov at Wafer Sort[ 11 80.00% 3.00%
1% Test Cov at Final Test [1] 99.00% none
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~II I a iI I

PHASE H 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

interest in the industry surrounding the KGD questions. drivers for KGD carriers. The price, availability, and

The industry guidelines (TAG) developed in this project applicability of die level KGD carrier technologies have

show a definite bias toward temporary contact methods as been determined through the release of RFQ's for the

evinced by the top scoring technologies all being tempo- Phase H validation. Three RFQs (carriers, test and burn-

rary contact methods. However, these technologies have in services and die) and a Statement of Work were sent

not been proven, and we attribute the delay in product out to companies developing KGD solutions in the

inuoductions to underestimating the difficulty of the industry. As a major emphasis was put on the product
problems with probinig Al pads on silicon, and hence, a insertion stage of the Phase H1 work, an addenda to the

tendency to underfund development efforts; especially RFQ for die was issued spelling out the testing require-

with lack of industry consensus behind any one method, merits and expected deliverables for the die supplier.

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- of the Phase I report as an appendix.

spread adoption of MCMs in industry. A Phase I1 steering committee has directed MCC

The goal of the Phase H work is to develop industry through the Phase H planning stages and has defined
confidence that one or more KGD solutions is in pthese test plans. This steering committee will transitioninto an advisory board once Phase H commences and will
and is effective at supplying KGD into real applications. be re sonsibord oie Phase H projectw

The lanis ompsed f treestaes.be responsible for decision points in the Phase II project.
Figure 1 illustrates the overview of the KGD project,

"* Evaluation showing the relationship of Phase I to Phase IL
"° Qualification

"* Product Insertion

ST Y Phase I Phase II
25

c -p. I te
v ntIEvaluation n

TGel & TeO) KGDnt tseled 4-5 Ca t

Th hPhane 11

Guidelines (TAG) hml.• KQD linto
product
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RF09 1
Figure 1: KGD Project Overview: This report summarizes the results of phase I, and outlines the plans for phase 1,
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1.0 PHASE U EVALUATION with a temperature ranges of 0 0C to 85 0C,

Based on available funding for testing costs, we 00C to +1250 C, and -55 °C to 150 0C.

propose to evaluate four or five selected KGD approaches Test Method 4. Contact Redstance
of the 24 assessed in Phase I (See Table 2, Subsection
1.0). The evaluation of the four or five selected ap- KGD carrier interconnect will be tested for its
proacbes will be based on the industry generated Technol- contact resistance per MIL Standard 883D
ogy Assessment Guidelines (TAG) and the Phase 11 Method 3017.3.3. Contact resistance must be
steering committee direction. The tests will be performed less than or equal to 0.5 0. KGD carrier
on KGD carriers in a laboratory seutg using blanket contact resistance will be measured prior to
aluminum or ink-dot die only. The following are tests
that will be used to evaluate the carriers performance as and during temperature cycling.
specified in the TAG'. These tests will be performed at Test Method 5. Maximum Clock Frequency, Charac-
MCC's laboratories (or subcontracted to a qualified test teristic Impedance, and Bandwidth
company where appropriate). KGD carrier interconnect will be tested for

L1 Phase II Tests TDR rise time per MIL Standard 883D Method

Test Method 1. Plarity of Dilelnterconnect 3017. The characteristic impedance will be

KGD carrier interconnect will be tested for its measured from the impedance waveform
contact resistance to a dummy die with mul- display on the TDR. The characteristic imped-
tiple Al layers to provide a range of pad ance must be within 10% of the designed
heights. impedance. Using the same test setup while

TEST Mem 2. DwE DAMAGE OR CONTAMINATION replacing the TDR with a network analyzer, the

Die will be stationed in KGD carrer or socket KGD carrier interconnect will be tested for its

and removed per manufacturer's specifica- bandwidth per MIL Standard 883D Method
4004.1.3.4. Bandwidth must be greater than ortions. Die will be inspected for bond pad eult 0 ~.MLSadr 8DMto

damage due to probe contact per MIL Stan- equal to 500 MHz. MIL Standard 883D Method

dard 883D Method 2010.10. Die will be in- 3018 will be used for measuring the level of

spected for damage to layers underlying the cross coupling of signals and noise between

bond pad metal due to probe contact per MIL pins, although no rules have been defined.

Standard 883D Method 2010.10. Die will be Test Method 6. Die Damae or Contambnaion After

tested for loss of adhesion to die attach mate- Two Touchdowns
rial from damage or contamination of back Die will be stationed in KGD carrier or socket
side of die due to Carrier or socket contact per and removed twice per manufacturer's specifi-
MIL Standard 883D Method 2019.5. Die will be cations. Die will be inspected for bond pad
inspected for intermetallic formation on bond damage due to probe contact per MIL Stan-

pad due to probe contact with Auger Electron dard 883D Method 2010.10. Die will be in-
Spectroscopy per ASTM method E 827-88 spected for damage to layers underlying the
prior to and after temperature and humidity bond pad metal due to probe contact per MIL

(85/85) exposure for 168 hours. Standard 883D Method 2010.10. Die will be
tested for loss of adhesion to die attach mate-

Test M ardod will T etemperature Cd prial from damage or contamination of back
KGD carrier will be temperature cycled per side of die due to Carrier c, socket contact per
MIL Standard 883D Method 1010.7 except MIL Standard 883D Method 2019.5. Die bond

lThese test methods were added to the TAG, making it revision 3.0, which is included as Section III of this report.
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IC/Cner
Establish Materials Rlquirement

ATD supplier IC supplier KGD Phase

11a8-Carrier TAG evaluations - Test Teat Chips Reqd Lv ~ Rj'd Crn x'1

fIb - Qualification Tests- Live Chip Test Ckp Req 'dj LiveOsRcqd Ca=ra p

I I --

fib - Qualification Tests - IC supplier Teat Chaps Reqd Live Chis Ravid Cun=s W4q
internal tests F /I1 Phasen II Product

Ib - Production Tests Test hips Wd ,je R aiJ Insertion
from tests supplied to MCC

Costfrisk Analysis '

Visual Inspection o I

Functional Test[

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 11 are
shown, with a brief description of testing activities " I]
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 H
evaluation/qualification planned for Phase II.

4

pads will be tested for compliance with bond Test Method 7. Burn-in Test
strength requirements per MIL Standard 883D KGD carder will undergo bum-in per MIL
Method 2011.7 conditions C and F. Test 6 will Standard 883D Method 1015.8. Test method
be repeated after temperature cycling and for contact resistance (test method 4) will be
bum-in. applied during bum in. Visual inspection per
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II Test Plan
Phase II Evaluation

,TAG evaluation of carrer with test 1
P (dummy) chips- MCC responsibility

Phase II ualification
* ~ . Inspectionl

Q a Qualification to RM& requirements- a
... IC supplier responsibility Non-planarity•-.i•. •meas~urement

Visual Inspetion bilitz
cation to supplier m=reqireent - C sppler gfsstdPack and •Sha

reqwremnts -I suppier Electrical Test s method evaluation

Monitored Bum-in Visual Inspection

Failure Analysis pro,=

Package prcsstd

Temp, Cycle [

Test Litt[
........~. roces .

Destructive Tests

Qualification to be included in IC
..... . lier's-quotation. IC supplier internal

cation should be specified in .

additionto MCC requirements.

Assemble Die into Carriers

Visual Inspection Electrical Test

Electrical Test-
t Temp Cycle

MonitoCrd Bum-in Tt

Electrical Test

Electrical Test - 1;

t Failure Analysisl Accelerated Life
Package Destructive Tests Test

Qualification Test Flow

MIL Standard 883D Method 2009.8 will be tance test. The KGD carriers' thermal resis-

performed after burn in. tance will be tested using two test methods.

Test Method & Thermal Resistance One method would be to measure the junc-

KGD carrier will be tested for its thermal tion-to-ambient thermal resistance in a forced

resistance per MCC specified thermal resis- or free convection environment. This method
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could be similar to T

the SEMI specifica- 1250. & -s5 - 1cn) tact resisak•e tests

tion G38, with the
exception of using a

thin film resistor

sputtered on silicon Test for die Test for die
Tpccedamagel ep/yl damage/

rather than a contamination cominton

thermal test chip.

Another method
Bum-win Test with Test for die Burn-i Test with Test for die

would be to mea- ontc resistance damage ontJac e damJ

sure junction-to- monitored conu=maon monit re nmmaton

ambient and junc-
tion-to-case thermal Thersm Resistance test

resistances in a
system which usessystm whch uesTest clock firequency, characteristic impedanc, banwidth and aross-U&k

a flat cooling sur-
face to a cold plate KGD Crries Evaiuadon Test Flow

for its primary heat Figure 3: Wis figure shows the sequence in which the selected KGD carriers will be
transfer mechanism. evaluated in accordance to the TAG test methods

Test Method 9. ContactTatMetance rn BCrntacproviding test and burn-in for a specific die. In other
Resistance During Burn In words, each carrier supplier will be tooled to accommo-

KGD carder interconnect will be tested for its date a different die.
contact resistance per MIL Standard 883D 1.2 IC Surn,, TASKS FOR PwE EVALUATION

Method 3017.3.3 during the test method for The IC supplier will be responsible for perfor-
bum-in (test method 7). Contact resistance mance of the following tasks for the Phase II evaluation.
must be less than or equal to 0.5 Q. Procure and supply the required numbers of dummy

Figure 3 shows the sequence of tests which will be (ink dot) die for the KGD Technology demonstration
done in conjunction with the Phase 11 evaluation of KGD for Phase II evaluation.

cartriers. Contract with a selected KGD carrier Supplier
The above test methods were developed to character- Design and fabricate the test sockets for the test and

ize particular KGD approaches using the TAG guide- bu-n-in boards for the production device to be used in the
lines. One additional test that has not been specified, but demonstration.
which we will recommend as part of the Phase II evalua- Provide the KGD carrier supplier with all documenta-
tion is to determine number of reuses. MCC will recom- tion necessary to fabricate the test and burn-in sockets
mend to the Phase II subcommittee that a test (or series of and carriers.
tests) be identified to evaluate number of carrier assem-
blies (die loadAmload), time at temperature and number Suppvy a number of example die for the Phase II
of temperature cycles. This additional testing recommen- evaluation.
dation is the result of our cost modeling work which Design and procure the test board for interfacing to
suggests that number of reuses of KGD carriers is a key carrier's socket.
cost driver. Perform thermal analysis

The KGD program will tool suppliers to build these Establish bum-in temperature to emulate existing
carriers for particular die specifications. Each carrier production bum-in junction temperature levels.
supplier will team with an IC supplier and tool for
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2.0 PHASE U QUALI~CATION 2.1 PHASE U QUALFCATION TASKS

The Phase 11 advisory committee will recommend The IC supplier will use the following test
selection of one or two carriers for full qualification procedures as minimum recommended qualification
testing. The selection will be based primarily on the requirements. Each IC supplier will add additional tests
carrier's capability to meet the test and bum-in require- or more stringent procedures if required to facilitate full
ments of the specific die for which it has been tooled. qualification in their fab line.
This capability will be determined in Phase II evaluation Modify the existing production device fixtures,
using the test methods based on the TAG (as described loadboards, test programs, etc. to work with the
above). Qualification testing will take place in the IC carrier test socket.
supplier's factory on a limited number of die (our test Supply the required numbers of functional die for
plan calls for 100 devices or less). The Phase II steering the qualification plan
committee has developed a minimal qualification plan.
Since the goal for the qualification is to develop the Visually inspect each die after die is assembled into
capability to supply KGD in a particular supplier's IC fab carriers
line, the expectation is that the IC supplier will have Functionally test each die in KGD carrier.
additional testing before the KGD technology is fully Burn-in each die using the KGD carriers.
qualified to be used in production. The thermal environment should be maintained

Phase H Carrier Evaluation & as close as possible to the production burn-in levels at

Qualification Flowchart the IC junctions. Monitor devices to assure continuous
electrical contact.

NR s--Eaas production source Test each die after1) Carrier/Sockets Phase IUa& Teat Plas from each Cue category:

2) Die Types DRSRAM,D5Pi, burn-in using the
3) Asmbly, Test, Burn In processor, Ang KGD carrier.

SPaclkage devices to standard

production requirements.

A subgroup control lot should
V •be used only if similar accelerated

0 Task life test data is not available from the
production devices.

P ae I Task (Accelerated Life Test Minimum
Requirements

Ifthe final
package is a hybrid
or multi-chip module,
accelerated life test
the package with a
KGD device per Mil-
H-38534 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

Figure 4. This flow diagram shows the cornplete test flow as devleoped by the Phase II steering requires 45 func-
committee.
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tional parts. The IC supplier will perform failure analysis on all
Temperature Cycle failures as they occur and send documentation and

5 samples from above accelerated life tests will failed parts to MCC.
be subjected to temperature cycle per MIL-STD-883, 3.2 PHASE H RFQ RESPONSFS
Method 1010 Condition A(-55 to 85 C) at intervals of 100
cycles and electrically tested. Temperature cycling is to T o i c iesohavetind icated tyi
continue till failure or 1000 cycles, whichever occurs first. quote either carriers, die or test and bur-in services for

Phase II.
Provide a final report documenting all testing and test
results.4.0 CONCLUSION

Once qualification is complete, the IC supplier will The quotations from the companies have been

have the capacity to begin selling KOD based on the evaluated according to the criteria specified in the RFQs.

selected approach. Criteria JImpan

3.0 PHASE U PRODUCr INSERTION Technical .......... 40%

The final stage of Phase II is a product insertion. At Schedule ........... 30%

this stage, the IC supplier will have developed a qualified Cost ............. 20%

process for producing KGD and will be providing die into Management. .... 10%
an application. We will acquire data on the KGD shipped The final selection of KGD technologies to be
into the product to determine the efficacy and cost evaluated in Phase II will be made when the Phase II
effectiveness of the process. plans are approved by ARPA. The details of the Phase HI

3.1 PoRUcTIoN INSERTION TASKS testing, schedules and milestones will be developed with

Provide KGD production insertion information. the KGD Task Group subcommittee when the exact KGD

This includes actual cost figures which can be carriers, die and test and bum-in requirements are se-

used to compare test strategies. lected.

Document all qualification additions or changes in
writing to MCC.

Company Will Quote Teamed With Product Die
Aehr Test ystems er, T & BI Harris(die) Fiber-optic Xmtr 136 lead, 6rm^n2

Hughes CTRB) er, T& BI,die NA Various

ack-ar- su Csr er, Harris (die, T 7 1I) Radio Receiver 145 lead, DSP

IBM ier, T & B1, die NA Various Various

Fresh Quest er Nat'l (die, T Telecom Memory

Micron er, I & BI, die NA Memory

ribotecr ier Phillips (die, MB) Automotive Microcontroller

[IIMMS er hUip Supply (die, T & Memory
BI)

ohnstech er, Micro SMT (die, T&BI) Display Display Driver

High aier Nat'l (die, T & BI) Telecom Logic
Caiornia Cotcs Crier None WA

Table 1. List of companies which have responded to the RFQs issued in Phase I. Most of the carrier suppliers are
teamed with IC suppliers (or MCM assemblers).
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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 gLProcessor

-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 for 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 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 SRAM

IC components.
3) 100 Same KGD A TDs 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 througe 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

1) Response to RFQ 8/6/93
2) Expected purchase order (PO) release date is 10/1/93
3) Carrier Delivery 1Q94

The following 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.

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:

1. Purchase Order.
2. Typed provisions in this Request for Quotation (RFQ).
3. Subcontractor Data Requirements List (SDRL), if applicable.
4. Other provisions of this RFQ when attached or incorporated by reference.

VI. Notice to Offerers
Offerers are cautioned to initially submit their most favorable Qucwtation, price, and other factors
considered.

This RF1Q 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
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.

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 H:

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 Required

KGD ATD QCI inspection I 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:

183



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. Design definition including detailed definition of KGD ATD and assembly designs.
B. Perform thermal analysis of the KGD ATDs; verify an adequate thermal path for the IC.
C. Rationale for KGD approach, detailing advantages and disadvantages.
D. Risk or areas of concern.
E. Mechanical parameters (bonding and die attach requirements).
F. Design reviews of KGD ATD in conjunction with MCC, KGD personnel.
G. Technical documentation as defined in Technology Assessment Guidelines (reference 1).
H. Compliance to this RFQ requires a response to each of the following items:

I. 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 vGD ATDs that will be required for
each IC category (DRAM, SRAM, p.P/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.

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 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
Offerer shall confirm receipt of this RFQ and advise MCC, KGD, in writing, no later than dose
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, 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 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,
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 I 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 .Processor

-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 KGD DRAM 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 placeinto a wafflepack die carrier for delivery to the
Buyer.

2) 100 KGD SRAM IC The Supplier should bid this item in the same
500 components (-02) way as item 1) above.
1000

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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III. Delivery Schedule

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 furnished data and components will be made available with the integrated
circuits:

I) 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 bum-in of the integrated circuits,

the IC Supplier is expected to cooperate with MCC and the third party test and bum-in
Supplier, using non-disclosure agreements, to provide a test program in a usable format to the
third party test and bum-in Supplier.

IV. Submission of Quotations
The Quotation must be signed Ny 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:

1. Purchase Order
2. Typed provisions in this Request for Quotation (RFQ).
3. Subcontractor Data Requirements List (SDRL), if applicable.
4. Other provisions of this RFQ when attached or incorporated by reference.

VI. Notice to Offerers
Offerers are cautioned to initially submit their most favorable quotation, puice, 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, ard to
waive informalities and minor irregularities in offers received. MCC, KGD shall not be liabi,, 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.
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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

-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 I :

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.
B. Mechanical parameters (bonding and die attach requirements).
C. Risk or areas of concern.
D. Technical documentation as defined in JEDEC Standard for Known Good Die (references

3, 4).
E. Estimate the total quantity of each integrated circuit component type required to yield the

specified KGD quantities per section I, paragraph II deliverables.

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 h oan
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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MCC TECHNICAL REPORT
HVE-095-93

RFQ: Assembly, Test, Burn-in,
Disassembly, and Quality Conformance

Inspection of Known Good Die

© 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 - 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 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,
inspect, and deliver the items specified below in accordance with the schedules, instructions,
specifications and referenced documents.

Any drawings referenced in this dociument 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 I 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 rrmmory

-02 SRAM memory

-03 ASIC, DSP, or g±Processor

-04 Mixed signail 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 ATDs for test
and bum-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) 00 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 ofvendor specifications.

5) 100 Electrical functional and The cost quote should indicate the cost of
500 parametric testing of ICs in electrically testing the ICs mounted in KGD
1000 KGD ATDs in items I ATDs 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.
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Item Quantity Description Buyer-Supplier Responsibilities
6) 100 Dynamic monitored bum-in The 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, bum-in test of each of the assembled KGD

ATDs in each of the four categories above, in
each of the requested pricing quantities.

"7) 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
ComWnent

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 2Q94

The following 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 GDSH 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:

1. Purchase Order
2. Typed provisions in this Request for Quotation (RFQ).
3. Subcontractor Data Requirements List (SDRL), if applicable.
4. Other provisions of this RFQ when attached or incorporated by reference.

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
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 Quotatiois 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 I :

199



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 Outgoing QCI Required Required

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. 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. Rationale for KGD approach, detailing advantages and disadvantages.
B. Risk or areas of concern.
C. Mechanical parameters (bonding and die attach requirements).
D. Design reviews of KGD test and burn-in methods in conjunction with MCC, KGD

personnel.
E. 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 bum-in.
F. Any Supplier using subcontract work for this effort must identify in their Quotation the

tasks to be subcontracted and the subcontractor.
G. 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.

4. 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 AID components,
and on outgoing integrated circuit die.

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,
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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.

Il1. 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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MCC TECHNICAL REPORT
HVE-092-93

Statement of Work for the
Procurement of Known Good Die

© 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 mafrings on all complete and partial copies.
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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 Guod 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 YGD ballot version.

1.0 Scope
This Statement of Work describes the tasks associated with designing and fabricating Known
good ]Die Assurance Technology L)evices (KGD ATD); screening up to four KGD AT) designs;
and assembling, testing, disassemblinp, and performing quality conformance inspections on up to
four categories of integrated circuits for MCC KGD Project per the KGD Technology Assessment
Guidelines.

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 gProcessor

-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, bum-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.

Circuit Supplier b

Assembly . Quality Conformance Known Good Dice
Disassembly S Buye

1�H over pc nesperviinon Sug••o de.
rKGD Assurance

Technology Device ,•.

3Test Supplier

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 ATa Supplier
3.1.2.1 Design/layout KGD ATis as appropriate to TAB, wire bond,

an3. 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 ATIC s 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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3.1.3 Assembly and Disassembly Supplier
3.1.3.1 Perform assembly of die and KGD ATDs.

3.1.3.2 Following test and bum-in, disassemble the KGD ATDs and the
dice, packaging the dice for delivery, and returning the KGD ATDs
for re-use.

3.1.4 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.

3.1.5 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.

3.1.6 Quality Conformance Inspection Supplier
Perform Quality Conformance inspection on the bare dice, after all above
processing is complete.

3.2 Supplier Deliverable Items
3.2.1 Supplier will provide bonding level design information of KGD ATD for

buyer in GDS II or GERBER format.

3.2.2 Supplier will provide documentation of the thermal analysis assumptions and
resulting junction temperature predictions for each component.

3.2.3 Supplier will provide documentation on all supplier performed electrical tests.

3.2.4 Supplier will provide documentation on all Quality Conformance Inspections.

3.2.5 Supplier will provide the processed known good die, and the bad die,
packaged separately and clearly marked.

3.3 Buyer Tasks
3.3.1 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.

3.3.2 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.

3.3.3 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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3.3.4 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 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 burn-in
specifications are required items. Please include these specifications and any
guardbands applied during sort testing with your quotation.

4.1.2 Perform actions specified by reinsertion plan, to be agreed upon by supplier
and MCC prior to assignment of purchase orders for die. 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 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
supplier should be prepared to complete a detailed plan for accomplishing this
task.

4.2 Assurance Technology Device Supplier
4.2.1 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 ATDs to the four
categories of integrated circuit devices.

4.2.2 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.

4.2.3 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 bum-in of the specified number of dice in acordance with the purchase
order specification. The technology used for fabrication is at the discretion of
the supplier.

4.2.4 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 ATDs 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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4.2.5 Perform Quality Conformance Inspections of KGD ATDs (optional). QCI is
to be performed on the KGD ATDs prior to their use in KGD processing, if
this is a reasonable 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.

4.3 Assembly/Disassembly Supplier
4.3.1 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).

4.3.2 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.

4.3.3 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 N u,. wered to
the buyer with the dice.

4.4 Burn-in Supplier
4.4.1 Perform burn-in of assembled KGD ATDs. Each of the KGD ATD/die

assemblies is to be subjected to a dynamic monitored burn-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 bum-in requirements for
each part when that part is normally packaged and burned-in.

4.4.2 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.

4.5 Functional Test Supplier
4.5.1 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 ATM. This test should be equivalent to the test that is normally
performed on a packaged die. All test results, with a yield and exception
report, will be delivered to buyer.

4.5.2 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 reqired 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.

2

210



Section III
Final Draft

Technology Assessment Guideline
for

Methods, Materials and Equipment
Necessary to Prepare and Ship Semiconductor Devices

as Fully Warranted Bare Die Product

DRAFTED BY

Microelectronics and Computer Technology Corp.

High Value Electronics Division

and

SEMATECH

Supplier/User Known Good Die Task Teams

15 December 1993

Rev 3.0

211



TABLE OF CONTENTS

Introduction and General Information ........................................................... 213

1.0 Scope: ................................................................................. 213
2.0 Applicable Documents ............................................................... 214

3.0 Physical Configuration .............................................................. 214
4.0 Die Process Steps .................................................................... 217
5.0 Detailed Process Description ........................................................ 218

Appendix A: KGD Assurance Technology Supplier Requested Information ............... 224
Appendix B: Mechanical Alignment of Die Issues ............................................. 230
Appendix C: Future Requirements (1996 Timeframe) ........................................ 231
Appendix D: Test Methods ....................................................................... 236
Appendix E: Endnotes ............................................................................. 298

212



Introduction and General Information

1.0 SCOPE:
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 bum-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 concern 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:

Rules. 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

JA) Standardfor Procurement and Use of KGD, Working Document, JEDEC Modified Version
2.0, 18 May 1993, As submitted for ballot

(B) MIL-STD-883 Microelectrocs, 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).

31 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(A1) 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.
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3.3 Wafer/Die sizes

3.3.1(-1) Rules
Shall accommodate devices from 2500 square mils £1.6 square mml to 500,000 square

mils 1322 square mini, with a maximum aspect ratio of 3 to 1. Size tolerance on singulated

die will be < ± 0.5 mils £12 lim].

3.3.2(-1) Recommendations

Shall accommodate devices from 400 square mils 1.25 square mmn to 640,000 square mils

£413 square min, with a maximum aspect ratio of 3 to 1. Size tolerance on singulated die

will be <± 0.5 mils [12 l'ml.

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 Pmj to 30 mils £750 Pn].
Thickness tolerance is ± 1.0 mils [25 Ipmi.

3.4.2(-1) Recommendations

Shall accommodate devices with a minimum thickness of 4 mils 100pnml.

3.4.3(-1) Test Methods

Will be evaluated based on engineering judgment of design.

3.5 Die Interconnect Quality

3.5.1 PLANARrrY 3 OF DIE/INTERCONNECT

3.5.1.1(-1) Rules

Adaptation

Shall maintain reliable contact of die with nonplanarity across the die of 2.Opzn. (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 MUL Standard 883D Method

3017.3.3. Contact resistance must be less than or equal to 0.5 f. 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 DIEINTERCONNECT/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)4.

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
ML 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 0C 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 Device Ign FbitDio

apply to the generic

processes used for IC

manufacture. WFe Mount

KODW Aasuaunc

"* Device Design

"* Wafer Fabrication
"* Wafer/Die Probe (Basic

Functional Test)

"* Wafer Mount and Saw

"* Die Assembly/l Sumin

Disassembly/

Iterconnection KGD
" Device Tes (Full Processes P

Function Test)

"* Bum-In

"* 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 AssemblylDisassembly Interconnect

See Appendix A

5.6 Device Test & Burn-in

The device test and bum-in guidelines are divided into 2 sets of numbers, according to

number of device 1/0 accommodated. Low 1/0 technologies are defined as those able to

make electrical connection to fewer than 100 pads, and high 1/0 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 BIST5 capable

Shall accommodate basic functional test

Shal accommodate simulation/connection of external devices

Contact resistance compatible with bandwidth

Shall accommodate die with backside electrical connection requirement

Shall have pin 1 identifier

ShaU accommodate die pads in passivation wells < 1.5pin in depth

5.6.1,3(-1) Rules & 5.6.2,4(-1 R,.-commendations for Low I/0 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 Burn-in Rules Recommendations

Carrier Operating O0C to +125 0 C -550C to +150 0C Die = 1750C Die = 175*C

Temperature Ambient = 150*C Ambient = 150*C

Time @ Max 12 Hours 168 Hours
Temperaitr
Contact <.50 <.2552 <.5Q2 <.2502

Resistance
6

Min Clock Freq. 100 MHz 2GHz 20 MHz 50 M-Hz

Array/Periph Peripheral Both Peripheral Both
pads?
Pad Metalization Al, Au, Solder Al, Au, Solder Al, Au, Solder Al, Au, Solder

Accomnmoated _

Pad pitch >200jinm >150pim >200gm >t150pm

Accommodated

Passivation _>100gJm _>75pin _l>00m _>75pm

Opening_
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Char. Impedance +10% ±5% ±10% ±5%
Tolerance

Power dissipation 6W/cm2  20W/cm 2  6W/cm2  20W/cm2

# of touch __2 __2 >2 _2
downs/die7  I I II_ I

Table 1. Test and Burn-in attributes required for low I/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 temipeature range of 0 *C to 85 *C, 00C to +1250 C, and -55 OC 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 fl. KGD carrier
contact resistance will be measured prior to and during temperature cycling and bum 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 pei ML 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

MEL 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 MUL 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 bum-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 MEL

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 fiat cooling surface to a cold plate for its

primary heat transfer mechanism.

5.6.3.2(-1) Test Method for Contact Resistance During Bum In
KGD carrier interconnect will be tested for its contact resistance per MEL 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 YO technologies identical to low YO

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 5.6.7(-1) 5.6.8(-1) Burn-in
Rules Recommendations Burn-in Rules Recommendations

Carrier Operating O0Cto +125 0 C -550C to +150 0C Die= 1750C Die = 1750C
Temperature Ambient = 150*C Ambient = 150C

Time @ Max 12 Hours 168 Hours
Temperature

Contact <.505 <.250 5.50 5.25 Q
Resistance8
Min Clock Freq. 100 M-Hz 500MHz 20 MHz 50 M-Hz

Array/Periph Both Both Both Both
pads?
Pad Metalization Al, Au, Solder Al, Au, Solder Al, Au, Solder Al, Au, Solder
Accommodated

Pad pitch >_125pm - Periph -80p1m -125gtm - Periph __80jpm

Accommodated _200_ - Array _.200 - Array

Passivation >75pxm >501±m Spin _50pom

Char. Impedance ±10% ±5% ±10% ±5%
Tolerance

Power dissipation 10W/cm 2  50W/cm2  10W/cm 2  50W/cm 2

# of touch >2 >2 >2 >2
downs/die9  I I I I _I

Table 2. Test and Burn-in attributes required for high 1/0 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
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5.7 ShocklVibration

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 SpecificationlO. 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'1

# of reuses12

Capacitance - Trace to trace

Resistance - Trace to trace

Resistance of trace (Carrier to die

pad)

Bandwidth (-3db)
CTE13

Surface metal of Probe tip14  II

Table A. 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 attribtes of the die assembly, disassembly and interconnect aspects of a

KGD assurance tech-,ology 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 Proparation
Purpose (ie.,_pad_ Bare Die Bumped Die TABed DiePurpose (i.e., pad
cleaning, additional
metal, etc)
Form Factor
Interconnect

Availalfity for
Licensing/Transfer
to Second SourcePad Pwyeaxation
Consumnables
AdditionalProcessing

Process Flow Chart

Number of Steps
_(U/H Cost)
Equipment List
Cost Sensitivity vs
Complexity

Process Constraints
Pad Shape, Pad Size,
Quantity/Density
Wafer Size (Diameter,
Thdckmes)
Die Size
Passivation Opening
& Profile
Pad Footprint (i.e.
ary, peripheral,

S Specialother)

FeaturesiTooling
Requirements (e.g.
Adaptability to4 Wafer/Die Size)
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Incremental
Capacity per Tool
Set (i.e. Unit
Capacity of ProcessLimiting Tool)

Process Control
Defect Definition
Criteria

Limits
i 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.e. Shipped Quality
Level of Product,
Manufacturing
Verification or
Feasibility, Level of
Development and etc.)
Availability for
Licesingfrransfer to
Second Source

Type of Bond
(Mechanical,
Metallurgical,
Other) ______

Method of Bonding
(Thermal Reflow,
Thrmal
Compression,
Mechanical Clamp,
Other) _

Consumables (One

Solder
Leod FranmAnterface ,_
Flux
Wire (Gold,
Aluminum, etc)
SubsmatelCarrier
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Others (Process

Adaptabity to

Components (i.e.
Decoupling
Capacitors, Tuning
Circuits, etc.)
Footprint
Constraints (i.e.
Array, Peripheral,
Depopulated Array,
etc.)
Reusable Fixtures
(Clamps, Trays,other) ______

Carers/Interfaces
Carrier Type (i.e.,
Ceramic, Organic, etc)
Carrier to BIB
Interconnect (i.e. Pin
Grid Array, Solderball

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,
Depopulated Array,

_ _ _ _ _ _ _ _ _ ~~~etc)__ _ _ _ __ _ _ _ _ _ _ _ _

Performance/
Physical
Limitations

Die Size
Heat Sink Attachment
Maximum
Temperature Range
Electrical
Characteristics (i.e.,

______________Speed, FEauEMc, etc) ________ ________________

Pad/Pitch Limitations
(Pad Size, Pad to Pad
Distance, Pad Shape,
Planarity Sensitivity)

Process Control

Orientation/Alignment
Type of Bond
_ __ Inety of Assembly

Process Description I I I
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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

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
Shea_
Reflow
Mechanical/Vacuum
Removal
Other/None _ll

Process
Qualification
Status/Readiness
(Availability for
Licensing/Transfer
to Second Source.)
Consumables (One

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. SP1L, etc)

Process Control
Inspection Limits
Die Protection (ESD
Damage etc)
Defect
Definition/Criteria
Verify Integrity of
Next Level of
Assembly

Costs
NRE
U/H Plus
Consumables

Environmental Cost
(Chelmcal
Disposal, etc)

Table A.3.3 Attributes of die disassembly requirements to be disclosed by KGD Assurance Technologies

supplier.
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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.
a. Saw Cut Placement Accuracy (i.e., Distance to Designated Die Feature)

b. Saw Alignment Accuracy: Placement of saw cut centerline +/- 0.15 mils 14 pm] of intended

location at any point across wafers of up to 8 in. 1200 mm] diameter.

c. Saw Cut Dimensions: Maximum Saw Cut widths maintained between 1.9 and 1.4 mils 148 and
35 pmJ throughout blade life. (Dimension of New Blade 1.8 mils ± 0.1 mil 145 ± 2.5rom]).

d. Sawn Edge Camber. Total deviation (or bevel) of sawn edge from a straight vertical cut of not

more that 2 mils £50 •rml 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 14 Wn 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 pmi, 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.OX 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 10.25 square num] to 3,100,000 square

mils 12000 square mml, with a maximum aspect ratio of 3 to 1. Size tolerance on

singulated die will be ± ±1.0 mils 125pml.

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/INTERCONNECT

C.3.5.2.1(-2) Rules
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Same as 3.5.2.l(-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 bum-in guidelines are divided into 2 sets of numbers, according to

number of device I/O accommodated. Low I/0 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 BIST 15 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 < 1.5Pm in depth

C.5.5.1(-2) Rules & C.5.5.2(- ) 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 0C to +1250 -550C to +150 0C Die = 1750C Die = 1750C

Temrature C Ambient = 150*C Ambient = 150*C

Time @ 24 168

Temperature

Contact 5.50! 5.250 <5.591 __.2592

Resistance

Min Clock Frq. 200 MHz 2GHz 20 MHz 50 MHz

Array/Periph Both Both Both Both

pads?

Pad Metalization Al, Au, Solder Al, Au, Solder Al, Au, Solder Al, Au. Solder

accomodated

Pad pitch >1001tm >OOptm >loo0im >100gm

accomodated

Passivation >_501m >_5grm >50gm _50jim

Openg

Char. Impedance ±10% ±5% ±10% ±5%

tolerance I _II

Power dissipation 6W/cm 2  20W/cm 2  6W/cm 2  20W/cm 2
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# oftouch Ž2 Ž2 >2 Ž2

Table C.1. Test and Burn-in attributes required for low 1/0 KGD Assurance Technologies
(Future)

C.5.5.1(-2) Rules & C.5.5.2(-2) Recommendations for High I/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 -400C to +1250 -550C to +150 0C Die - 175 0C Die - 175 0C
TeC __________ Ambient - 1500C Ambient - 1500C
Time @ 24 168
Temperature _________

Contact !5.50 .:<251
Resistance

Min Clock FE. Y) MEz 500MHz 20 MHz 50 MHz

Array/Periph Both Both Both Both
-pads?
Pad Metalization Al, Au, Solder Al, Au, Solder Al, Au, Solder Al, Au, Solder
accomodated

Pad pitch 70tim Periph, 70gm Periph, 150Irn 70jim Periph, 70pm Periph, 150gin
accomodated 150•m Array Array 150l.n Array Array

Min Pad Size 50pm 50g 50gm 50jtm

Char. Impedance ±10% ±5% ±10% +5%
tolerance

Power dissipation 10W/cm2  50W/cm2  10W/cm2  50W/cm2

# of touch >2 >2 Ž2 Ž2

downs/die I I I

Table C.2. Test and Bum-in attributes required for high 1/0 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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NETHm01 M0.T

TWESATUK CYCING

1. IRM . This test is conducted to determine the resistance of a pert to extremes of high and Low
teeparaturem, and to the effect of aLternate exposures to these extreames.

1.1 Term and definitions.

1.1.1 Loa. The specimens under test and the fixtures hoLding thase specimens during the test. naximaum
Load shaLL be determined by using the worst awe Load temperature with specific specimen Loading.
Nonotithic Loads used to simuLate Loading my not be approprteita when air circuLation is reduced by Load
configuration. The maximum Loading must meet the specified conditions.

1.1.2 N.itoriN sensor. The temperature sensor that is Located and calibrated so as to indicate the
same temperature as at the worst case indicator specim Location. The worst case indicator specimen
Location is identified during the periodic characterization of the worst case Load temperature.

1.1.3 yloret case Lod tamoertur. The tinmperature of specific specimens am indicated by thermocoupLes
imbedded in their bodies. These indictor speciens shaLL be Located at the center and at each corner of the
Load. The worst case Land temperature is determined at periodic intervals.

1.1.4 Vor•ina zone. The volume in the chmber(s) in which the temperature of the Laed is controLLed

within. th Limits specified in table 1.

1.1.5 ESmIni- The device or individuaL piece being tested.

1.1.6 Transfer time. Tne eLapsed time between specimen remowaL from one temperature extreme and
introduction into the other.

1.1.7 Raximm Load. The Largest LOad for which the worst cas Load tamperature meats the timing
requirements (see 3.1).

1.1.8 Wt . The tiae from introduction of the Load im the hamber uitiL the Load is transferred
out of the chamber.

2. APhAM1•. The chamber(s) used sheLL be capLe of prioviding and controLLing the specified
temperatures in the working zone(s) when the dcmber is Loaded with a maxium Load. The thermeL capcity
and air circuiation mast enabte the working zone and Loads to meet the specified conditions and timing (see
3.1). Worat case Load temperature shaLL be continuaLLy monitored during test by indicators or recorders
reading the monitoring sensor(s). Direct heat conduction to specimens shaLL be minimized.

3. PROCEDURE. Specimens shaLL be pLaced in such a position with respect to the airstream that there is
substantiaLLy no obstruction to the fLow of air across and around the specimen. When speciaL mounting is
required, it shaLL be specified. The specimen shaLL then be subjected to the specified condition for the
specified number of cycles performed continuously. This test shalL be conducted for a minimum of 10 cycLes
using test condition C. One cycLe consists of steps I and 2 or the appLicabLe test condition and Eust be
compLeted without interruption to be counted as a cycLe. CompLetion of the totaL number of cycLes specified
for the test my be interrupted for the purpose of test chamber Loading or unLoading of device Lots or as
the resuLt of power or equipment fai Lure. 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 Tinin. The totaL transfer time from hot to coLd or from coLd to hot shaLL not exceed one minute.
The Loed my be transferred when the worst casm Load temperature is within 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.?

29 nay 1967
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NIL-STD-48330

TAILE 1. Temnerture-cvcLina test conditions.

TIest condition temerature (c)

stop Nhtutes I I I I II
A 5 1 C 1 0 j E A

I1 1 -55 40 -55 40 1-65 +0 .-65 0 -65 +0 -6 0 0
ICoLd I I I

I I -10 -10o -10 -10 -10 -10o
I I I Il I I
I2 I->10 I 85 +10 125 +15 150 ÷15 200 +15 300 +15 175 +151
INot I I I I I

I I I -I 0-0 - i

NOTE: Steps I wnd 2 my be intercmhnged. The Load temperature may exceed the
+ or - zero (0) toLermnce during the rovery time. Other toLerences sheLL
nat be exceeded.

3.2 Examinatian. After completion of the final cycLe, an externaL visuaL examination of the maorking
shmLL be performed without mgnification or with a viewer having a magnification no greeter than 3X. A
visuaL examination of the case, Leads, or inLs shaLL be performd at a magnification betweve OX ad 2M(
(except the magnification for examination shaLL be 1.X minimum when this method is used for 100 percent
screwning). This examination end my additionaL specified meesurements and examination shaLL be made after
co€pietion of the finaL cycLe or upon compLetaion 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 owe specified mnd-point
measurements or examinations (see 4.d.), evidence of defects or damge to the case, Leeds, or seeLs or
iLLegibLe markings sheLL be censidered failure. Damge to the marking caused by fixturing ?r handLing
during tests sheLL not be cause for device rejection.

4. VJ. The foLLowing details shalL be specified in the appLicabLe acquisition docment:

a. SpeciaL mounting, if appLicabLe (see 3).

b. Test condition Letter, if other than test condition C (see 3).

c. Number of test cycLes, if other than 10 cycLes (see 3)..

d. End-point measurements and examinations (see 3.1) e.g., end-point eLectricaL measurements, seml
test (method 1014), or other acceptance criteria).

rETNHO 1010.7

29 Ray 1947
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NZL-STD-Sa30
NOTICE 1

HETHOD 1015.9

BURN-IN TEST

1. PURISE. The burn-in test is performed for the purpose of screening or eliminating marginaL devices,
those with inherent defects or defects resulting from m1nufacturing aberrations which cause time and stress
dependent failures. Zn the absence of burn-in, these defective devices wouLd be expected to result in
infant mortality or early Lifetime failures under use conditions. Therefore, it is the intent of this
screen to stress microcircuits at or above maximum rated operating conditions or to appLy equivalent
screening conditions which wiLL reveal time and stress dependent faiLure mode with equaL or greeter
sensitivity.

2. APPARATUS. Details for the required apparatus shall be as described in method 1005.

* 3. POEDE. The microelectronic device shall be subjected to the specified burn-in screen test
condition (sea 3.1) for the time and temperature specified (see method 500M for the appropriate device
class) or, unless otherwise specified, for an equivalent time and temperature combination as determined from
table I (see 3.1.1 and 3.1.2). RL manufacturers who are certified and qualified to KZL-1-3853S my modify
the time or the temperature condition independentLy from the regression conditions contained in table I or
the test condition/circuit specified in the military detail specification provided the modification is
contained in the menufactures aatity NmnmgemNt PLan and the "mU certification identifier is marked on the
devices. Any time-temperature combination which is contained in table I for the appropriate class my be
used for the appLicabLe test condition. The test conditions (duration and temperature) selected prior to
test shaLL be recowied end shall govern for the entire test. Lead-, stud-, or case-mounted devices shall be
mounted by the Leads, stud, or case in their normal mounting configuration, and the point of connection
shaLL be maintained at a temperature not Less than the specified ambient temperature. Pre and post burn-in
measurements shaLL be made as specified. Burn-in boards shall not eaptly Load resistors which are common to
more then one device, or to mor than one output pin on the same device.

3.1 1 . Basic test conditions are as shown below. UnLess otherwise specified, test
condition e not be appLied to cLass S devices. DetaiLs of each of these conditions, except where
noted, shaLL be as described in method 10I.

a. Test condition A: Steady-state, reverse bias.

b. Test condition B: Steady-state, forward bias.

c. Test condition C: Steady-state, power and reverse bias.

d. Test condition D: Parallel excitation.

e. Test condition E: Ring osciLLator.

f. Test condition F: Temperature-accelerated test.

* 3.1.1 Test ta rature. The mient burn-in test temperature shaLL be 1256C minima for conditions A
through E (except for hybrids see tabLe I). At the suppLier's option, the test temperature for conditions A
through E my be increased and the test time reduced in accordance with table I. Since case and junction
temperature wiLL, under normat circumstances, be significantly higher than ambient temperature, the circuit
employed shouLd be so structured that maximum rated junction temperature for test or operation shaLL not
exceed 200C.for class B or 1759C for class S (see 3.1.1.1). Devices with internal thereal shut-down
circuitry shaLL be handled in accordance with 3.2.3 of method 1005. The specified test temperature is the
minimum actual ambient temperature to which aLl devices in the working arma of the chamber shall be exposed.
This shaLL be assured by making whatever adjustments are necessary in the chamber profi Le, Loading, Location
of control or monitoring instruments, and the flow of air or other suitable gas or Liquid chamber medium.
Therefore, calibration shaLL be accomplished on the chamber in a fuLLy Loaded (boards need not be Loaded
with devices), unpowered configuration, and the indicator sensor Located at, or adjusted to reflect the
coldest point in the working are".

""ETHOD 1015.9
1 June 1993
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iI NZL-STD-5630

NOTICE 1

3.1.1.1 Test It" for hih er devices. RegardLess of power LeveL, devices sheLL be able to be
burned in Life-teistd at the axim rated operating temperature. For devices whose maximum operating
temperature is stated in term of ambient temperature, TA, tabLe I applies. For devices whose aeximue
operating temperature is s'tated in term of case temperafture, T and where the ambient temperature wouLd
cause TJ to exceed +200C (01750C for class 5), the ambient operating temperature .ay be reduced during
burn-in and Life test from +125"C to a value that wilL demonstrate a T between +175*C and +200C and T
equat to or greater than +125C without changing the test duration. 14t• supporting this reduction sha[L be
•wiLabLe to the acquiring and quatifying activities upon request.

3.1.1.2 Test Smmeu for hybrd devices. The amient or case burn-in test temperature shalL be as
specified in t@lL* 1, expt case temerature burn-in sheLl be performed, as a minimu, at the maximum
operating case temperature CT ) specified for the device. Burn-in sheLL be 320 hours minimam for cLass K.
The device should be burned iA at the maximaum specified operating temperature, voltage, and Loading
conditions as specified in the detaiL specification. Since case and junction temperature wiLL, under norenL
circumstances, be significently higher than ambient temperature, the circuit shouLd be so structured that
the maximu rated junction temperature as specified in the detail specification, aid the cure temperature of
poLymoric materisks as specified in the baseLine documentation shaLL not be exceeded. If no maximum
junction temperature is specified, a eximium of 175C is assumed. Accelerated burn-in (condition F) shaLL
not be permitted. The specified test temperature sheLL be the minimu actual ambient or case temperature
that mast be maintained for all devices in the chamber. This sheLL be assured by making whatever
adjustments are necessary in the chamber profits, Loading, Location of controL or monitoring instruments and
the flow pf air or other suitabLe gas or Liquid chmbe medium.

3.1.2 Tvw ure Hyle, g ts Og•tl. In test condition F, microcircuits are subjected to bias(es)
at a temperature (175wC to z rC) which•onsiderLy exceeds the aximum rated junction temerature. AtSesoevated temperatures, it is generaLLy found that microcircuits witl not operate normaLly as specified
in their appLicabLe acquisition documents, and it is therefore necessary that speciaL attention be given to
the choice of bias circuits and conditions to assure that important circuit areas are adequately biased
without subjecting other arems of the circuit to damaging overstress(ue). To properly select the
acceLerated test conditions, it is ec ad that an adequate sample of devices be exposed to the intended
high temperature whitL measuring voltage(s) and current(s) at each device terminal to assure that the
applied electricaL struaem do not induce damaging overstress. UnLess otherwise specified in the detai L
specifications, the minima time-temperasture ftbination shaLl be as deLineated.by table 1. The minimum
test time shaLL be 12 hours. The applied voltage at any or all terminals sheLl be equaL to the recommended
aperating voltage(s) at 125C. When excessive current fLow or power dissipation wouLd result from operation
at the specified vottases), the applied voltage(s) at any or aLL terminals may be reduced to a miniuam of
50 percent of the specified vaLtage(s) and the testing time shaLL be determined in accordance with the
formL given in 3.5.6 of aethod 1005. Devices with internal thermal shut-down circuitry sheLL be handLed
in accordance with 3.5.6.1 of method 1005. ThermaL runaway conditions must be avoided at aLL times.

3.2 lm! Pre bum-in measurements, whan specified, or at the manufacturer's discretion when not
specified, shaLl be conducted prior to appLying burn-in test conditions. Post burn-in measuresmnts shaLL be
completed within 96 hours after removaL of the devices from the specified burn-in test condition (i.e.,
either r•eovaL of temperature or bias) and shaLL consist of all 25C dc parameter measurements) (subgroup
A-1 of ethod 50S, or subgroups tested in Lieu of A-1 as aLlowed in the most sisilar siLitary detait
specification) and aLL parameter, for which delta Limits have been specified as part of interim
(post-burn-in) electrical measurements. DeLta Limit acceptance, when appLicable, shaLl be based upon these
mesuremmnts. If theme measurements 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 teefrature
previously used for a minimm additionaL reburn-in time as specified in tabLe I before post burn-in
memsu•ents are made.

3.2.1 CooLdown after standard burn-in. ALL devices shaLL be cooled to within 100C of their power stabLe
condition at ram temperature prior to the removal of bias. The interruption of bias for up to 1 minute for
the purpose of moving the devices to cooLdowm positions separate from the chamber within which burn-in
testing was performed shaLL not be considered removal of bias, (bias at cootclown position shaLL be same as
that used during burn-in). ALternativeLy, except for Linear or MOS (c€1s, 31OS, PHOS, etc.) devices or
unless otherwise specified, the bias may be removed during cooling provided the case temperature of devices
under test is reduced to a maxium of3t within 30 minutes after the removal of the test conditions and
provided the devices under test are removed from the hested chamber within 5 minutes foLLowing removaL of
bias. ALL 25"C dc measurements or aLternrte subgroups (see 3.2) sheLL be completed prior to any reheatibig
of the device(s).

ETHOD 1015.9
I June 1993
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MIL-STD-83O
NOTICE 1

3.2.2 Coodown rafter iscetersts burn-in. ALL devices subjected to the acceLerated testing of condition
F shaLL be cooled to within WC of pours stabLe at rwom temperature prior to the removaL of bias.
Interruption of bias for a period of up to I minute for the purpose of moving devices to cooLdown positions
separate from the chamber vithin which burn-in was conducted shaLL not be considered removaL of bias, (bias
at cooLdow position shaLL be sms as that used during burn-in). ALL specified 256C dc eLectricaL
measurements MUll be compLeted prior to any reheating of the devices.

3.2.3 Test setup )nitoring. The test setup shMLL be monitored at the test temperature initiaLLy and at
the conclusion of th test to estabLish that aLL devicesare being stressed to the specified requirements.
The foLLowing is the minimum acceptabLe monitoring procedure:

a. Device sockets. InitiaLLy and at Least each 6 months thereafter, (once every 6 months or just
prior to use if not used during the 6 month period) each test board 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 shMLL be checked during these initiaL and periodic verification tests to ensure they
wiLL perform their proper function (i.e., that they are not open or shorted). Except for this
initiaL and periodic verification, each device or device socket does not have to be checked;
however, random sampling technique shaLL be appLied prior to each time a board is used and shMLL
be adequate to assure that 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 1256C (or the specified test temperature, if Less than 125C)
each required test voLtage and signaL condition shMLL be verified in at Least one Location an each
test board or tray so as to assure eLectrical continuity and the correct appLication of specified
eLectricaL stresses for each connection or contact pair used in the appLicabLe tact configuration.
This shaLL be performed by opening the oven for a maximm of 10 mInutes.

c. At the concLusion of the test period, prior to removaL of devices from teegratur'e and test
conditions, the voLtage and signaL condition verification of b above shMLL be repeated.

d. For class S devices, each tet bord or tray and each test socket shMLL be verified prior to test
to assure that the specified test conditions are appLied to each device. This my be agcompLished
by verifying the device functionaL response at each device output(s). An approved aLternate
procedure my be used.

Where faiLures or open contacts occur which resuLt in removaL of the required test stresses for any period
of the required test duration (see 3.1), the test time shLl be extended to assure actuaL exposure for the
totaL minim specified test duration. Any Loes(es) or interruption(s) of bias in excess of 10 minutes
totaL duration whiLe the chamber is at temperature during the finaL 8 hours of burn-in shMLL require
extension of the test duration for an uninterrupted 8 hours minimum, after the Last bias interruption.

4. SUMMARY. The foLLowing detaits shMLL be specified in the appLicabLe acquisition document:

a. Test duration if other than as defined for the appLicabLe cLass in method S004, or time-temperature
combination shown in table I.

* b. Test condition Letter.

c. Burn-in test temperature, and 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 massurements and drift Limits, as appLicabLe (see 3.2).

f. Authorization for use of condition F and speciaL maximum test rating for condition F (see 3.1 and
3.1.2), when appLicabLe.

g. Time within which post burn-in measurements must be compLeted if other than specified (see 3.2).

A METHOD 1015.9
1 June 1993
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NIL-sT-8830
NOTICE 1

TAILE 1. barn-in time-temeerature regression. 1/ 2/ 3/ 4/

Niniuh jjni a tiem Cho .) Test Rinimum
temperature condition reburn-in 0

TA VC) Class S Class 8 lCass K (see 3.1) tim (hours)

-0 S 7W0 -thrids only 2,4

10-260 520 24"k
110 22 24j _____

125 2-- 10 3WO A 24

130 20]8 13B a" 21

_3 8 2 - aUI

140 160 1 - " 16

145 i• - a 14

ISO. 12 80 - a 1

175 - 48 - F 12

_B - U 12

225- 16- U 12

_ 12 -1

1/ Test condition F shaLL be authorized prior to use ad consists of
temperatures 175C and higher.

I/ For condition F the maximum junction teperature is untimited ad care
shtLL be taken to ensure the device(s) does nt go into thermet runaway.
7The only allowed conditions are as stated abome.
Test teperatures below 125C my be used for hybrid circuits only.

NrEHOo 1015.9
I June 1993

242



REMi M.3

PEOWMCAL SmO

1. 5. IM *a* last is inardi lo dsauw ko w ou1ilbiity of the dmion for ue in laectronic saipmit bh~ic my
be uahecad to ma elsy sinars Ood. as ina rmlt ofadiry 4Wiid faorm am * dwigm in moion proticid by ru4s
hmin&~~ tr~umW rntia or field oprtiaL Sub. af IS typ my disumb opmetin dowmacwsim o- cm dopsimor
ft imm umting Irm ammlwa ~iatMon prtlarty if to *Ock FNWM We ermtitiw.

2. Vfl5 Sw dk-busgl a~wa dulL he ap1e of providing d*a* pulm; of SM to 3DMD g 4()r as wC1ifid
with a pAlm dmetion beaum 0.1 ard 1.0 .iLtis.on, tour bee' of Urn drAd. 1?. scailwation pAlm duLL be a Putf-siur
wminfau with am *aAWAl distrionrt gmem OwtUnt *M paoe at oft Urnscifimd pu amostrstien, mU dsUl be wwaid by a
truimds ard qiautiu elaectiuti fittor vit, a ax-off fr@WwWc of at Loont 5 tims the fudinude frv~mtcy of Uhe duck
-~f. 11w PAlm. drution dull be matied bebtmn ft paint at 10 pmew, of ftn -o acowartion 6mvg rise tim ard at 10

IM ON Ow -f Pamlk OM(ratl dAHin dmy tim. Alw toLf otumn of Vw paLs. dMation dLL b to Up -ato of 20.1
.iLtiaswud or *M pm ow of UI* qmeif id .uutlom.

3. fn ts duck-tosin q~ors duLL be amitid an a sox* U Lormtry ubte or Wawlim be ad Lwelid betore
am. fts driAm "uL be rlgdy matidl or tsieime by its nio vidi unibte protection for ftn tods. Hm. my be pranude
ID Pwm tI S duck frnM hun rqMid da o USwW in ton pream. thtmi odawiss saiflidd, Irn drim Mattl hi
abject in 5 dwck pAlm of ton p C g) Loai qd.mcfiod in ftn sascacd tut rdltion Ard lwftrU palm dirutio mi acfmd in
Gl* of Urn 044la~iouns Y11 X Y2, Y1~, ZI, ad Z2- For dwim vift iuituraL etsits moitid with ft mior p~mw
ppuda~dalw to Ur Y ads, Urn Yj iseatle dulL be dsfiwi a Out cmn in 4wiichf Otw lit tods to be rams from its

atm. WAM im ~iuwi *amiiul twt mditim a doul Opy.

A sm1.0
S ¶,sm 0.5
C 3,= 0.3
0 51= 0.3
E 10=~ 0.2
F Ml= 0.2
G 3DC 0.12

3.1 Owda.u ~fe OMLOCION Of Ow las, an atteL wimam aiurntiai of Ow w klrj dull be parfora vihat
mewif astiat or with a viewn "wi a mqhiitami n gawtar Oth 3X ard a viumL sainutwio of ft am, tom, or m~s
dULL hi Palefm at a wriliotion bebm U md DC. This eminution ad mV maditionul qspeiflidd inuuiwits wd
CGnhutlst duUL hi WDs after amlatimof atn ftinIu cycle or tWi =pltion af a pop, spim, or *AWmV of Wst~ich
inlas Othis IMs.

3.2. Falture aritia. After abjection to Urn tut, fuitwe of any Vociflied ampiwts or emmiustiat Cam 3 Rd 4),
widIVIC Of 14fact or dwp the Urna, Law, or mins, or it~qbte m kh. dULL be wumidw. a fal Ure. DMO wo
mkbru RMaId by fixringh or tordtu iing " et dullE rat be -mm for *uwia rqectiat.

S*W Sl f ts ftOlAin dearils duLL hi spocified in Urn Allabe aaiisftion damumt:

a. Talt amfftiai, if ~ thm OUK~ awditica (an 3).

b. Mrbw aid direction of duck pales if odur Itun scifiel Cam 3).

c. Eectrmel-tad wdkitia, if appilae Cam 3).

d. Men uP"Wiud, inwa t afte~ ~t (m 3 ad 3.1).

e. WIhmmn rpid, owAmvt diltast.

15 jauay 1M
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-WX, W44L FEUCY

I. -.M 13. vai4. freoicy vibration un is pwru' fond*w dse ofdtu fwiutig effect an ampne pmt at P
vibration in Vs wmified frwwWc ramp. Ths is a dutructiu ~t.

2. iiniii. lUS or Vfs t IMsdLL inte~b * mpiw cop. at pow idw Vs rw~nra m'im-ue fra*Ancv*rot
at to qslFi Lmats ad to imummm opticet ard eiecui=L. eaime fr pm-Imt gamointa.

3. ft. Us ic dutL he rigicdty Im md an Vw vibration pIlalm ad ft tem or cLms atemrty sesa'ai. Its
dwim duLL to vlb~ mW~ whh moo C homicmtion hwiliei dii a puk la puk m at o 0.06 irch (*10 pow t or a pm
momnoution of Ow wesitid iet dtia~ k, , or C (4a) pmunt, -0 prmi g). Test codcitiont *uLL be mptiu.e

=antdbeAw Vs onommer frm~wcy ad 2 LoMwet m Lad abo. Us vibration frvqmiiy duLL be %wriedaiprometety
tpitwkmaty hema 2D ad 2A, M Ih. Us tir. ff*ay iwVe of 2D a 2,AM Nz d ream, w 20 dutLL be t. m erua in
not imm *an 4 aftem. Ths cyd* sduLL be pm (a 4 tim in mch of Ow a new in X, Y, ad Z (wt at o 12 tim), w
Vth ft wtiuW duLt be apLied fo a UML pra io at not Lm twi 14 aintm Man inpincified, denow %Ath intsuvTl canty
o=atn* h u P ato emmints wAyject fm pneibL. - - or Iu~ Imp 644 vibration *AtL be f~~ um a by adm~miv c
ýmmiktim in moad vidi eadud 2D2 or by detid"r or cpmin ad hntfteL vi*At emieution at XX wwicaitiat i
rwmL dap or disluatIimi Ilmis this ust is pu to m pet of a W"p or shpup of am, ft peat-ut inmrmits or
hematis - mW not be pwfu (a q: fcifLLy at Vs concision of *do s t, but my be pmfarm am at Vs cotuision of Vse
Us" or aftua*

Tqjt~ accLoytion, a

A 2
a s

3.1 . Af ter OmLetion Ofat %M ~, an mtm.u vimat smminutis of Vs mkiq duLL be parfoai wituit
mWeiffiatia' or wt a viewr uuft a umigif cutim no gatr thm Mt arda viSAt admrtia aft Vsame, Look, or satis
duLL be Wmbumlat a mytifiatiat bem - a[XdM UIf Thi umkcm adw my dtimuL *ecffa m ztamq a
gadatiMi "tl he m at ~w Iamtlati of Vfis th cylde or qn coptlutm of a US., s@Wum, or sftup of um %&nd

3.2 hd1 jauZ ia. After abjectici W Vols ti, fail.', of mW qmncfia nii or aminut in (ame 3 ad 4),
widrm of 6*Fe-to or amp w Vs cme, to*, or seas, or iLLogibLe m.*ir dmLL be amisiral a faitLw'. Omp i
mkii~ aM~byfixtmii or hlAding"~i tams dwLL rat be - feor duwic rejectiat.

4. ft. TheM~shri doWaLs *uLL be *wified in Vst aticdAe a~isition dxmin:

a. Test codition (so 3).

b. Hmaws ftw ~ ut (am 3 and 3.1).

HEMI 2M.2
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FEMr WM.8

1. pjpg 11w pepme of this .Imktimn is %D varfyv hoat Vs, mourieL,, doIg., awfln m, mirkIp ad eaworiohip
of #0 dvlos am in - , , vtdi Vs q ~iol. arisitla .*.m This twit woul nwLt~y be opicip at ft oAg3*v
hopectian *ma Vs dwice inuacuwwrs facitity ar is an lruiq umm ispictim~ This twit my also be utitizi W kovct

for dom ant hmdftwg d ou" o athe divam.

2. XW . Apars aud inUus tat dulL be a at fdwtratih dvice. wafmw f a Vs Liem4,e v*ruirw,
Ovchm *cUteaii timi. uspimm awile of miif -tiat ofx I.ini abo d a relatively tag. ad acoaft fildw of vier

sah i an- l~iattad riq migifloW.

3. g.CM ft dwime duLL be odo~iur a minificotii of lI.X to IM (ma. qticdA) with a field of visi
mi'ffIcim ty lap to cmoin Vs astir divi ad .Lla. hopectias ins Ir~ v. Vs f ropirom of Vst 4Wicibl
aoaisliat qsmofatiear d VscriuteraLiatd ini3.2 Owe m0diwwt.at fooigt motonal, is in 9motia, daivismy be1
abjectmdloatm in littora air stram sCuctoat r epision) of U fat per sinrd voiasmo, ard rehqm:tl

3.1 iu Critaisi Listi in 3.b ad b dull. he haUp at 1.5 to 3K ana 1W pawt bais. Crttaris
Llo In 32c Vvmsh Ca~icde) dutLLbelspip lat lix a ansia 1W ms bis, oren asoa Ue beis ssit as

LIPS f 2 vithmamia aopuuadr at 0. if as or wrejectsammr in tfs at, 1 Vs Lot dulLtbe reipmpaa 1M pumwt
us~g a amigificstion ro LausO Ont uat wlefr Vs orighotl hoqatiu for Vst WiuM airwia

3.2 Paltw. critr Awie dwUl fail if Vay vodbit &V of Vs ftlowir

a. Ito chq (wsntant, pLacimn~t Legibility, etc.) not in g -P I - with Vs mLicIa qspcifimatios

b. Laf or trwiwmts sih are fat ranct or aLigVd in fvwir mimI toaticio, fsu of dwp or samciefied Load bodg, or
f M of tudst CAsdM to aim Led Plans.

c. ftdm domigsý, tea (tawirsol iootoffiatla, soials, instusxtion, or woriasadmip as* not in wi thd Vs
apLicift qwclfiatlas or *wbv.

d. Hatat or amsuic pos with turd gLs %D meal saile or gimi fed Vwsot rfio salt; or am mc poingiu with brand
loo or tom entwq Occuo Vs samLin glmi Ovii adiwbit a of Vts fotbeisq:

(1) bm~m podrq. or crudo in Vs podmps. Soface p Ida dull. not be cam for fai Lue aici siur VWy
violate a@6w criteriast lurein for amickW fiodst, w-c

Q) hy chip cmt dt-mini ato amo 0.fl krsd in av' disctim an Vs asfaceahim a dqdth %sidt ammk 25
pu .wat ofVs tIdM s P' ot Vs affacta ad etaunt (e~g., awa, bow, or waLL).

CM Any chip asa of am mic or wailing gas Ont po wru tos VswsLir gLos dinua Or Vsn fta atMisLas PLmw, or
Vat apiuai a, tad bras Nowial. Vat is not iNw to w bespnid 4r, adigt Sam 20P-1.

(4) Visible evidove of moirmia, witalrutios I I g, g~ssLy buat or beda Lit~, crudad ants (oepit far
glain minims), defectiw (patvWu flicing or bListaing) or &wo (wvmiua, at's, or irdatteicr sid
wpm sudwptl or banmetal) findLm Minlnration of dufVish O utt wart be come for faitre umlam dou is
evdidmu of ftk Wcinu ttt, or earrsim.

CS) beriuL Laid awltimtlas strip. fto h a waacmr W a brui tamd %hidt admibits voift gvow Own 25 pacet
oftiVs aunem width.

(6) tm~ with pits or dcrmsiis., or both sidi oasd 25 t:of ath Vswidth (diammo for mod to*) and am
vmto Vth ID p = t: ofat Vslaid ftcidma. in ~dW

C7) Lau with birs acudt a htwi rmoa Otm M prmat af t VsLaid Wtdonms.

Pana 2M.8
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O3) Lo wintLipn ot* I s =i po VD to~ am lt Lawtan 75 piw m of ft Lmd kmn -ectiDo is Wan to

(9) hawLtimmsi Civadbq Wmole Lid finidi in which Vs ismlation bWome LmK~ or boftm Lod ard O&W ur
maLtimtig is ewlWV ID Lome Im 3 pmorm of Vs tmV s wis, but in noam tLwo uIm go ow oALvw
winima.

(10M @m Muriel ftm, or~h adu fuigii (i.e., cammkutiat or corrsion) wichd rudmm Vs isaoltion
beamn Loo or bean mm pu w inLem Vui 30 pauiow of tad sqaiu (po swo tisi for brand Loo) Wt
in noam -Low Owm Vs - mAL msinima.n

(11) Pstuikmi.an the butm (ionatiq martme of the padmge %taid ea d b.rord Vse mt m plane.

C12) Pronwomm Cselibgk gtmnn aim t) an mW other pao E~armo t~hi amom Vs LoW ftedms mn tmiý.

CI) Evduom of and*, datodation, swutim, or ,.avdiq an mry w~ltitq~u = 'ic pmm

M¶4 SIn miu ioidi iam Vs thela dlnmusiw w. mm thim 1.5 tim Vs vuV laid tm aba Vs dwig
inilmabsumn to mKla p~mw ad Vs auinic hbt or thidi uina Vs Lai d!omasi tg rm Owni Vs

CIS) Lmo or unWAuls WAid awe not freen of facgi maorle xxhi a-dn or our hiwwtdqi

e. 0 F pis in Vs amllay gLus on pedug vihi lod gims omms, bod ants, or ladV-VV* gla w mns of individual
tom idiidi uavibi my of In fa~ctift

(1) Cauky of gLm~mt arface Came figa' WZoo.

CD fIMA caws VWat oiglam at Vh cs -, * gts.mewaomea ad p Wp u i tin am Vs Lea (aim figi'.

G) FImi. or clreAaaurih muft tiddt amid bwuV, or are Loot in Vs rqmg buyond VuI **a to dauin
from Vse Led f do Vs - Cm figre MW4 ad W-S).

CID Aw single cirsubiwelml rmu. (or .wortqaluy muds) idldh cbCas) not Lie OMIORLY Whhi 0 siULSl qAdrumt
(iLe, womft bud W' are or routin abma Vse Lad) (am figs' 2-S".

C5) #nmass crud, eW~ VUm Loomd vft~n nwLuIf Vse d'- me from bibi Vs Lod im Vse am
LuI-nw-unW, Cams fig". .QM. IMs g1,m imom is dot ku as am am of glass uijald wicks tip Vs Lad
or to h . mmir--Ur. mudtB am i in Vs gins mrims am calld aiiaas cruds.

(6) ftwuit awmLs %Mhid diibit msdals. widiay Ci.e., napive maims.) at Vse Lod or bod hruraw or both
(on fig". M340

CF) Iidi, or qm or old hblms in Vse matm glass (an figs' M36).

Ca. Comicp wtP uintomb (e~g., Ladles chip owriorn) wichd adsibit my of Vse fLslarkV

CI) Visible evidm of awrisio, wintminutim brwdj, au*W als or detctive (peeling, ftWilly, or btistorify)
or Cmoratdusdm, ws, or vWm~au icns an aawplse or nd mini. fvnid or aWodi of pt"iw
anduasia Cbiswlatation af finish dull, not beam wiasfr leiLure utnles Iwo is widmore offI LdiivW pittiwy

or corraini)

GD ca ntchdip-aits Vdat dbuinauicny awd ) pm cat of Vs distam babamm tuouirLs in any direction on Vs
atfuont armaem (sm or am w), andemua nded of 25 pe.awtat o V idomu aftVsaffoctu ped eLmimi
(e0g, coer L4d bs or WRLO.

0) Wideman of muack, duimnsvtion, seputis or vaiding an my pao etemi

29 wty



NZL-STO-MO3

(4) Lid or co prowo si u Vt emmo 25 Im ct ofthVe turmnim wvidU in Iwren.

05) Pvowminsw #a moo 25 rw . of Urn to ok L widdt in hefrn9t bejwd Vemolocti p~rm o at sor e pak

(6) MMLL~iu' (rat hms~ by deign) hbomo sowpoo 1, 1 -. e~tame ts of doL wttw, and bebmn moL
riq or Lid fin iotaLizo 'tUctia ,Aidh moim the isn~atsi n w a U i tha M pace of -e p a nona.

C7) Vs4Lt id~inz smWor pd nLigoom . fth mnL 'in the costeattatu, aicbsiw of the anu~ar rir sholL be
wW~un trn visat~y , In builoie of the soIder .u

CM C) toUstio cmfigraation rat in PmmrI Pe wi-th the fo&Iwing (am figure 2WO-1O. 7ti cote~atiun shUi be
scug0~y amm, .0it i byea 3-disonrniamt spc trsasi a~l coteiatme wwisc Layers at the pm*jeakj.
1twoulrfao ti Ir ttLotion my be irragu~w. 1hw 3-dimenviaut aocmo Vthesediumnsirns:

Rinnium width > one-third pftp to -uuL paid wi
"rnl i.. > a,-fttf corteatrion ommumu uidU
LwgUqM - A desigrod (sw figure =64
ftirmc vidfi < potae twuirL po vidti
Romm &pth Z a*-Wul castetation mionur widdi

fThm dimensions -t - n p g a with om romoutmos *mt ftn mtm atiosu we rot v'i..i, in U'. acta sense, as
virual. f *ura UK rms n ftpdp a*e and am rat virtaL cbmed via Gums.

9 . Mdue of an' ruouftwmm with the detit duiiq or apticdle saapisitic m eat, ofu a Any ujregre
lom or evidenc at chom, corrosion, or wmirn~o tic ticid wint inwtv em with thUnrm at appiiutia'i of the

dwice.

h. Wa-in-tirne packages ei~bitir any viible scratch, tar, or i ratatisa in Uft urface finish-at Uhe Ladamw Urn
smtiu pize Im cco mor Uuw sn4 Lf Vif widith of the Lod Rd smarety dimp ih finish or enzoe wdrptat
or ham eaWL.

*.4 gSnWr. In tIbrirU deWis d.Lt he specified in trn qptiedA aWAisitiam desmut:

a. mqairiwl for - khr an the Loa (torminot), or pin idreffication.

b. Dawoilmd reA~rntmo for ataiaLS, design, commructia, wd wanf tmip.

C. Mgmifiautioi if ad" utha g.ifis.

29 1W/I
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NJrL-S1'D-a830

REJECT (EXPOSED SEALING
GLASS)

-ACCEPTACETREJECT ACCEPT

,, |

REJECT (EXPOSED LEAD FRAME)-

F U N = 56-1. EM sm d S ,ir. a n M E N IS C U S

PLANE

REJECT REJECT

~ACCEPT '

FU. -2Mp. Cr@= SUMS grfimW.

REJECT

,,,AACCEPT

FR M391-3. cawis min- uz d Lg.

29RW1w
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NflL-STD-8M3D

____ ___ ___ ___ R EJECT A C P
PACCEPT

REJECT- EXTEND BEYOND
MIDPOINT FROMLEAD TO CASE

ACCEPT

REJECT NOT WITHIN- REJECT-EXTEND BEYOND
SINGLE QUADRANT MIDPOINT FROM

LEAD TO CASE

FIM 2-5. irae ti €d- .

ACCEPT

LOCATED AT OR
EXTENDING INTO

REJECT THE REGION 1/2
tf'• N THE DISTANCE

BETWEEN THE>50% OF* LEAD AND CASE
DISTANCE

CASE

BROKE,N AWAY ALL CRUSHED
ACCEPT FUNaM.-B.A. rmim, aw.. OR CRACKED
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NIL-STO--E83D

REdEC•T--- REJECT

,-REJ ECT

FUNK MD-7. V*Xb in *rtire gfms

NEGATIVE MENISCUS POSITIVE MENISCUS

REJECTABLE ACCEPTABLE

FISK W);6 fitwtit mis.

29 mt '15



NIL-UTD-I830

ACCEPT

ANNULAR RING

SOLDER PAD

CASTELLATI ON
M ETAL

REJECT

SOLDER PAD

CASTELLATION
MISA LIGNMENT 14-- METAL

F~MA MD-9. ,mgt*L~im to mg& w. a~iar2



MIL-STD-W83

PACKAGE

VITULPLANE I / EDGE
VIRTUAL# 4 FLAT SURFACECLOSEDý .- REJECT-CSELTO IT

VIA CSELTO IT
PAD- ACCEPT c Z-OPEN VIA

WIDTH 71 F WITHIN
DIMENSIONAL

LIMITS, IF NOT -1 CASTELLATION
REJECT DEPTH

~Z~LCASTELLATIO14
PACKAGEJ LENGTH

PLAN I LNGTHPLANE I

castoll1ati ons
flwaug VAD awd tv' LUlers of Calnie.

14m: Caroic Layes shift, adpea
mrxf after picdhin, Pumngr bnidp
is no maI etc., &LL oft aum b ine
-ri pdap anoacu" w ooke to

Theefore, in tie oeu of atwnf Licts in
. eroiningemsteLmtion mp, ."

direct wmme inmmm **LL bewd
wing ft Limits q~scitdm in NIL-STD-1t.

FOX MD;61O casteLUafa r~prwts.

PlEWl 2V.5

29 ~1* 1w
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NIL-STD-883D
NOTICE 1

NETHOD 2010.10

INTERNAL VISUAL (MONOLITHIC)

1. PURPOSE. The purpose of this test is to check the internaL materials, construction, and workmanship
of microcircuits for compliance with the requirements of the appLicable acquisition document. This test

t) wilt normally be used prior to capping or encapsuLation on a'100 percent inspection basis to detect and
eliminate devices with internal defects, that could Lead to device failure in normal applications. It my
also be employed on a sampling basis prior to capping to determine the effectiveness of the Manufacturer's
quality control and handling procedures for microeLectronic 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 AneLysis". 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 5004. For condition 3 product the alternate screening procedure documented in
test method SOC0 may be used by the manufacturer 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 objective decisions as to the acceptability of the
device being examined. Adequate fixturing shaLL be provided for handling 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 criteria as Listed
herein. GaAs microwave devices shall also have additional specific criteria as Listed and. the applicable
high power magnification for individual features of GaAs microwave devices shall be selected from the
following table.

TABLE I. GaAs microwave device hich
emsnification requirements.

! Feature dimensions I Rmification rane I

I 5 5 microns I 75-ISOX I
I 1-5 microns I 150-40OX I
S<I Micron I 400-1000X I

* 2.2 Silicon-on-Sapohire (SOS) device requirements. SOS devices shall be inspected to all applicable
criteria specified herein, except where noted. The sapphire portions of the die shall be considered
"nonconductive and nonoperational materiaL".

3. PROCEDURE.

a. General. The device shall be examined within the specified mgnification 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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MIL-STD-8830
NOTICE 1

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 manufacturer.

When inverted die mounting techniques are employed, the inspection criteria contained herein that
cennot be performed after mounting 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.

Visual criteria may be inspected as foLLows:

(1) Prior to die attachment without re-examination after die attachment; 3.1.1.2, 3.1.1.5,
3.1.1.7, 3.1.2, 3.1.4 e and f, 3.1.5, 3.1.6 a-f, 3.2.6.

(2) Prior to bonding without re-examination after bonding; 3.2.3.

(3) For condition 5 only; the following criteria my be inspected prior to die attachment at high
power, plus Low power after die attachment, provided a high magnification sample to LTPD 5 is
performed 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 g and h, 3.1.7. if the sampLe fails the entire Lot shaLL be reinspected at high
magnification for the fai Led criteria.

C. Inspection control. In aLL cases, examination prior to final preseaL inspection shaLL be
performed 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
time intervaL between visual inspection and preperation 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 8 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 maximum allowable relative humidity in either environment shall not exceed
65 percent. Devices shaLL be in covered containers when transferred from one controlled
environamnt to another.

d. Magnification.. ligh magnification" inspection ShLL 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. Low magnification may be performed at an angle other than 900 to the die
surfece to facilitate the inspection. The inspection criteria of 3.2.1 may be examined at "high
magnificationo at the manufacturer's option.

e. Reinspection. when inspection for product acceptance is conducted subsequent to'the
manufacturer's inspection, the additional inspection my be performed at any magnification
specified by the applicable test condition, unless a specific magnification is required by the
acquisition document. when suspected defects or deficiencies are noted, additional inspection may
be performed at magnifications needed to evaLuate or resolve the suspect items. When sampling is
used, 60.4 appendix A of MIL-I-38535 shall apply.

Supersedes page 2 of NIL-STD-83D.
NETOD 2010.10
z7 JuLy 1990
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NIL-STO-830
NOTICE 1

f. Definitions:

(1) Active circuit area. ALL areas enclosed by the perimeter of functional circuit elements,
operating metallization or any connected combinations thereof excluding beas Leads.

(2) CoupLing (air) bridge. A raised Layer of metallization used for interconnection that isisolated from the surface of the element.

(3) Stock resistor. A thin film resistor which for purposes of trimming is designed to be much
wider than would be dictated by power density requirements and shal•l be identified in the
approved manufacturer's precap visual implementation document.

(4) Channel. An area Lying between the drain and the source of FET structures.

(5) Controtted environment. ShaLL be class 1,000, (see 30.1.1.7 of appendix C of NIL-1-38535),
except that the mmximUm aLlowabLe reLative humidity shalL not exceed 65 percent.

(6) Crazing. The presence of numerous minute cracks in the referenced materiaL, (e.g.,
gLassivation crazing).

(7) Detritus. Fragments of original or Laser modified resistor material remaining in the kerf.

(8) Dielectric isolation. ELectricaL isolation of one or more eleaents of a monolithic
semiconductor integrated circuit by surrounding the elements with an isolating barrier such as
semiconductor oxide.

(9) Diffusion tub. A volume (or region) formed in a semiconductor materiaL by a diffusion process
(n- or p- type) and isolated from the surrounding semicanductor material by a n-p or p-n
junction or by a dielectric material (dielectric isolation, coplaner process, SOS, SOD).

(10) Foreign material. Any material that is foreign to the microcircuit or package, or any
nonforeign material that is displaced from its original or intended position within the
microcircuit package.
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(2) Nwrw resistor vid t. rhnoamist potion of a gium rmistor prior W tr~iin

GM3M vuiu smt~intian (awdxws). ftca or my adw interiaL umd for inter~iuctia' owept wMLLized scribe
Linn, ~t puttim , - - ctad fAwctioau circuit elm'its, trismw bodit -ac, wd idimifiction wokirqs.

CaQ 0riihtwmL t ftd wi idth durimia or dumsm *atw twiit 1 m p prwo, in tu I w - of the dxwrvs
A fwlty (e.g., originmL most widU,, origimLt diffmia, width, arigh- bea width, etc.).

0) P dop pM. A geneic tar und to duoWe ft kudi LUxotion on ft . tag

G) ftawticn. ft. sitiam acide, nitride or aow imuLatiqi r~aw OKt is Woos or dq~its1 directLy on tUs die
pri or V. diition o art act or broom UL Lents an uAtiteweI ftnows.

C2) Pusistion sup. An abrtvt dr-ngo.o ato.lation (LOU of Ow prsivotion such as a acnoct vibi, or ertrg
muttintic cwaor.

C28) Pa ipumI 1.. ALL mwLtat h Limimidiatety miacanuit or ower Via scrib grid.

(2) Slanig mnt%. rMaL (e.g., Atwmmaý, pid) opiLsion af %ulam dons wW La~ft fromuw the wire hft at

M) S*utr. W1 .~tn supat uvcuraL rntow-l into or upo ,Aid or bob t V. minition, otaLlintion "d cirwit

01) inOt VOL. A maLL tolsftW fto* Vuto W~fer dmU nLLid causing etactricut wvmctii to be oid fro
to lfwastide (ft side on %hich ft circuitry is faraD) to ft I iiI of ft uafor.

CO ThIk fiUl, list mukitiWracsistiveifietactric swotM Vat is a film Iw"l gipor Van 50Ud~ thid,u

M) Thin fiUL. ist GodictisW/rsistiw/dieLectric Ws tWt is a fim to ~eato or lam the S50,k in thid.

00) fit awLLizxim, ist Qhish warrts ft mou~timato an L"n to modw.

g. aftmeim. ftfusm 1wrein w Ost edibitot  duti be owaidee mlsfl %Am t V.viawL imp or visint
apwwm of ft drAw u sa~eairktion indi a spcif Icomwdita is prumt ad duL wt fvqnre ounfirwation
by MW oad MEMW of Oti.wan odw swnub of ten ame wo be um far owwivirwn VOm a rlejecthdtias *
fa cimst, Owy duLL be mqxvrwo by thesqupiring activity. For inipectiosu pwfaa an the rwp of 75M to MC, the

criari of0.1wiLof ionia, squnotia or mwalt an be satisfied by a Line af sqwwtion or a Lim of inML

h. Faleig~ awalaL owetraL. 11. maifacuma duLL perfarm an ejdit an a naukty basis far (1) the pi eswc of for eign
etaria ni*han sniw piw port Lit and base, ard (2 ew pwme o ai foeig arterial on ft die xr-face or within
Us -eig of wwob pacs.

fth axit of mmdsi part my/ be satisfied dring rwtin. Intsu. vix*L inepection. If ft piu.c of loreign
interiai. is disa'mond, V. oufacuawws- dLL pw (ar. V. tummy mutysis an a lame of Vhe foreign eternaL an to
a~c dales to doe whg *a isate of the nteriaL. The snuafacumr duLL dxmt Vke rewoLts of this
inVItigition Ord =rectiw action Io e~imirt Ow foreign internist ad fThs inurtion viLL be wiLbi~e wo ft
QdUWTt CM, a~d *0 Oziriwt activiy or the qati"yr activity, as q~ptad~k. A con'ective actiospln *w aLL be
coawrud wfThin a maman of 10 %crtwin dis of discmay.

lhs adit of i cook piew pwt Lids " md duLL be psfaI*a before parts are umsled, or 'my be utisfied diring
ruitir. iwohi qaetity inopctims If The prnamo af foreig mteriL of a size 1 uiL or g'wster is discwuerei, Use
mufbcwo viLL wueLyz Use fereign mternL Wo date-he its mutte mU dimwit V.e rinits orf Usw wuLysis. If
apticale, Vaw remits duLL be disatriWa w Us vwd~ *aqynqtylr V. rm, wiTh ft rv~mth uth Vs ve
di..ml conective action t a mnia~iz or Aimi tot *,xi foreign interiat. Ti~s irifarustion viLL be moinLabLe to the
umiec~w, Gamrmt GAR, Nd tko acqirig activity or 9qaLifyiq activty, asapLiedLe.
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MEl: Iht pient port sudit rw~tevin =s be rqga~d by a piece part cteaing proces, qpowof by the QSLifysng
activity, lbot 18it~s UN" Psia 10 cl io-r to or d~rvg theassaLy pr s wrd U piece ports ar swr'o in a
com UAd .,virm tritiL Vv we und.

ftw im.i of UOme procuure is to r'.iqrv iwmatigrtion wd resLutiiof at onvig', o~intrL pnabLea tht do rat hwm
an effective sawtv or ditctun ierth&oc' bit that coWi -an '~in APnand .wioAL taitue of the divie
ftmcticn. laiptitive findings withat diies iquwiants rmairv ac.Lotion to Dircwr af rlaf0@U*v and Diractc
of Quatity Amwsu to mrtihlin pwm*W.

Caditicn A Caiditian 8
CJIMS CLacs B

3.1 Hiah paw irdywriat. Xntarret vimtel .inotian = required in 3.1.1 throja 3.1.3 dulL be =%dxted an adi
microircuit. 'In adition, thea ~icmLe eritois aminedu in 3.1.4 thro* 3.1.7 "ULL be und for theaqrWriate
microcircuit amwhi ae gLasivatian, dietectric isoLastian or fil toreiswrs are umd.

"* W l tlLe Ib himvs o spe qcified, for f tip chip prbewr Va criteria of 3.1 ft!L apLy onty to utp circuit side ir~aptiai.
After doe wxmir oily orftiris in 3.1.3i shulL aly.

iropctian WuLL be wUM~i tha imnpect ics vh*ll be wnitin the
rwu of1M to 2M. rw of 75Xto ISCI

"* Fr high aWifimtion viuspctien o Gals ancramw ftivi, sam tobe I terein. ALso, for < 1 micron feature, Ift
mWUfSCWWu my ispimn~t a smpt *Npcticn p~Un sAihic shLL be dixmitel in tft mianfacflww's i toe L poos.re WV
qpmc'M by Ow quatify ectivity.

3.1.1 NsutsLimtian dafects. lb deice duL be accqxI. that etilbits tha I &Ltowin difects in ft garuting meteLLintion.

3.1.1.1 NotaLLiantioin switdat.

a. SOimtdi in ft untaLtinaia~ sabtdlg a. Scnrtchi n ft mt&Liinticn, incldin bmV*V
bmiir pu rd b tan Vat Lemu pm ar bs to, ath eeasm vwyw
Les Oan M parac at iha cargiout paiiwtionai w .¶~ue ate its LeVth wV Lmw
matat width odisuam (am figire Los ui t O5 pmracet af fta oigha reta width
x"o4. undisuaxte (as, fig"e 2MO-5).

lNll: For W&s .icmsoe dmnning, scrutchii in th atew stripe or gate insertian awtoLiintion.

For sinut. Laur pL wordcts

-1 Ac: scratch %iure the
reainmg unchsturted artL

X wid~thgw (K sv notm d/2

4 aject: Scratch 4wrte V

bndth 00 is Lan than df2
(50 p" to,).

FMM alO.. lbttmLiintian scrutdi
criteria for ctess S.

AL 27 juy 19
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02itioi A caditiai a
cum S dLM a8

For sirgLe Lm av u itL pvdu~at

A=t:Sauvtd aernig miatywrg psiwtuti
L reth inirv ugdisuam mutL width WX is

=tor hmi d/2 (50 pace

pmini~gti d = CrigireLate mvW idth
X = LhdistwbtW mcl width

Reject: Scratch opoing u do lyirwj pmi~atici
lint Ve rininjrg W~xob wtL width (X) is
Las iThm d/2 (50 pa ca.t).

FISWM3IO)-5. PeteLLizutiai so g ch criteria far CUMn B.

b. FW r iditiam A, maf 3.1.1.U do. b. For amditian e anty. Scurud uth tacmtmLy
crownm a intLLizotipath "V wd moe ft %rfate
Of t ai rtu~rdig pmaiwtion, gLasiw.tion, or
sftvvte an eithw side (for MVS dmivim, the path
*mLl be fte WL dmiwOi (see fig"e WIlO6).

vjDRAIN SOURCEaW
SELF-ALIGNED GATE

NON SELF-ALIGNED GATE

tOTE: Lbei sturdo wcaLLintim soachu¶oitra
is apied to the gote are, the diwrtiai (W)
and (W soll be couidmr as the origirat
dwumt widdi ad La~th reqm.iveLy.

FI~M MJ1-6. Nos scatch~ criteria.

Z7AJULY 19g
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Caditi@m A Urdition 6
cum S CLms B

-# DAMAGED OXIDE

DAMAGED OXLDE

FEWM W106. mmsca'tch criteria - Caititwm.wJ

c. Scratch in ou~ti~Uyoid inwttitio, scLuiirg c. Scratch in mnLtiL~,rý ma1Lintio, eccLufirg
-~d W& " bm Ltaft on "m mdpk wd hm Loos that eqmm the

uw.rtykg mtmL or pmiwtian a'~btur sadm-Lyug mat aL V~Jms aterg its Lo~th
at"l Mt Wgth ad Linm US& VW 75 ad Lmm Lo hm 25 pe ce of fth crigirL
pu wt of ft crigimL owto width mmL width wihsotead (ame figre 2DIO-).
iadisMr (ame fig"e ZMl-7).

For mattiLvm'er mtaL .rwv s a'at

d Accopt: Scratch sioirg u doit mmL
or pusivatien wiure the rmnii
undismb Pk ImL width 00 is gif mte

voo- o 3/4 d (75 po on.t).

Pajeet: Scratch eq~irg unerLyin rt aL
or pusiiintiam Jvrote mwriir hs~s

Xw~o-mj uchsbrto vvL width 00 is Los Om
3/4 dC75 Pe cmn

FUN 2D1O-7. Swautch criteria for cLms S.
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Cmdition A Caditian 8
cum S cumsU

For muLti Lmand omt arvcts arLy

inWL withU W0 is gtrm thin d/'.

d = Oigimt om width
x = .thdxoisfa mmL width

Reject: Scrutdh oepsg ukrtyirg
wto kime tv rainirg isdistited
iwtL AftU 00 is Lou Uwim d/4.

FISK Z14 Saatdh crftaria for etms B.

tNll: For wmditima~ 9 Ly. owiteria 3.1.1.1m, b,
ad c m~ be 6hcLuh far par$iuraL pawr or grua
mmouLintiai gJum w*LLet prth acist uih that
mI qm at da savtdh cimW rat mm A~n tamm-
iwinatiai of Ou mataLtiami poth.

d. Soutdh in Ou x~iLimtim ow a pmiwtion stW Vut Lmia Lms thm 75 po on. at ft arigireL mtt vwidt at ft
stop udisure.

MMl Far am~tica SaLy. Critaria .1..,b,
c, aid d can be e=u~Ld for ft La? 25 paucot of
ft Limw La~th aft =l wias cut ad ALL maUL

hraud, an ft tamioutiai wd(s) of ft
wmLLtizaio nis. In Ihm cm Usre duLL be

at Lint SO pm m.atof the wilt ~Mat iiar
wamrad by 1mp- intiai ard at Lemt a witiruna
40 pace.ait ft own ruift pe imater awerad
by udisUwb mmmamL Lintia'i (sa fivim 2M¶O4).

27 AiLy 1m
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Cudition A calitim a

cu•s.s•SLum B

ACCEPT-SCRATCH AT TIP OF
CONTACT AREA WHICH IS
WITHIN X/4 FROM THE ENO

LOCATION OF TERMINATION END

REJECT ISCRATCH AT TIP OF CONTACF L AREA WHICH IS GREATER THANL ~X14. FROM THE END

FZX 1O-9. Terimutioy ais.

a. Smd~ in the itaLiztia, mor the e. Scratch in the sLtiai, over the
gon acide (m~iiube to NOS strixoes gate acidse, that opes midrlying
anLy) sme tigie 2M1O-10. posivticin ad Lam Less Uw' 5D po ca.

of ftUrg ord w idth of the smtaLimtion
betwtn ax arm dr ain ctiffwria tirdistAte
(appicmLe to MO stnico., cnLyJ (see I igwe
2D10-11).
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Caditioi A Ca-itiam B
CLum S CLA.s B

GATE METAL

Reject sa tctd(s) in he matLLintion or

thle glt oie

FIM 2D1O-10. WVS scratch criteria for cLass S.

Reject: Scratch evoirg underlying gate oxide where

wJ2 (9 per.an

W

X X-
' L • GATE METAL

z Reject: Lcad•euirg uidrcbylng gate oxide where
th ramminirg undistu.be metal width WX is Lem tha
L.12 (50 pa'm,•).

FIK 2D1O-11. MS scratcd criteria for cass 8.

IETH M10.10
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Calchtim A Cardition 83
Clas S CU"as

1. Swatch in the muteiintiam tut empun the dietectric mteriat of a thin f iLe ~cipwtor or crmwir. (tat @LicdLe
m air kirkg.)

g. Swastch in~ the boing -i or fiLLet -r that g. Scratch in thy bming po or fiLLet area Vit
faimcVm teAMELiinticn pec width ceT~ting aqam wreLying peasivati or Obstrute
the bor w to k ,u c tto g muLtintion ar ukcm the muLiinti path~ width
to u m Van M pou of the ruroin Weiucting the bcn W V. i trwcIng
a toink keeteamucat inLuizaticstripe meiaLintin to ten tan 50 peri on of the
width. If uo r xvstrips aitar a Widing nwrmmt siteing inte...uwe swL L immna
po, atih shaL be ow Wo epratety. stripe width. If Tw or wry stripes site-

a bmicing po, such shLL be amsie
241mutety.

h. Scautdh(as) (prcbe min*(s), etc.) in ift kxicinj po arm that egmes uideLyisvj peasiivstiai or ak~trae mid Laern
Lam Vi 75 parmit of the ungiasiivat mta intetimtarm urnch~susted.

*i. For Go dwmicas city, my tear in the air bridg metaLLintiai.

* j. Fw ob dw~im wity, &V Lcmering af V.e air bridg arch am active meta itizam do to meim. mL daag (e.g., a
swtch.

3.1.1.2 f~lettization vaiis;

a. Void~s) in the meteLtiztiai tot Laives less then a. Void(s) in V. mcatLizotia that term~ Less them
75 prmitm of the origirest mitaL widthuidisutin 50 paecait of the onigirut anmL width undis.wrto
(aim figwe 2MO-12). C(m figure 2M0-13).

DcaW %VW oii'g oidertywig metal Accet: Void empcing idoyw metaL
or pasivatisi tkue the reaining Winm to ,miniqv iadisutigba mmtL
wedirtstjrb mouL viddi 00 is greatr width OX) is grmtmr then d/2
Om, 3/4k d (75 parmct. (OD percst.

dd d-
Reject: Vmcd epuing uideLying vataL Lkdertying NDTE:
or psiwti, k Ama te V rosining MMta or d = rigir mt aL width
tiedisurad~ mrtaL widthi WX is Less Passiweetion X =Lhdisurbsi wmL
then3/ d C75 pemit). wit

Reject: Void eping iur~eLying metat
width the roining uisurtW wcat
width WX is Less thin d/2 (50 permct)

FGM~ 2DIO-12. Void criteria for class S. FIQ.W 210-13. Void criteria for chins B.

NDTE: For =rditicin 13 wLy. Criteria ui be .ccLiua for
peniouraL paw or grazd metLtieatio dWre pmmLLeL
peV. aeist w that in qmi at V.h ioid(s) iwouad rvt e
an uaiinted itAstiaei af V.e ameLtiztian path.

F7M aIo.10
A. JU.ALY I
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unditian A Ccrdit-,a 8
cum S CLMS a

b. maid(s) in the mtaLLimiantiaw a Poaivutica' MID~ t'u Lwu lo the 75 pacet at the rigiraL intmL width at the
sup uinisfturo.

#011: For canitien S anty. Criteria of 3.1.1.2a mW b
ci be =Udd for the lint 25 pe . i of the L it
Lwodto atn wthe mca airt "~ aLL wtat bquUi a' Uto
taminutim and(s) of mmtLLintion mm. in dtm mae
do~ dnLt be at Lent 50 pa as at the mstoct qxirij
peiintu amer by irdisuted intoLLizotian (see fig"e
V~O-14).

ACCEPT-%0OID AT TIP OF
CONTACT AREA WHICH IS
LESS THAN X/ 4 FROM THE END

LCATIONI OF TERMINATION END

f~ 1 fTREJECT, VOID AT TIP OF CONTACT
AREA WHICH IS GREATER THANv.~1 i-iX/4 FROM THE END

FIBM XJ1O-14. Teruiautia axis.

c. Vod~s) in ftn meLiztiont uAr thes gte ouie tut Lam Lesin Uwn 75 peont of the aeteLLintiarn Le~th (U or
wxdtj (WI) baum.n am=t ard dan dliffwsvmwidaistawb (appLicibLe to FIX strcwms anLy) (see I igre 2D1O-15).

V7 JuLy 1990
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cditi~tl A condition a
cum& S CLS a

d. voidfs) Vert tm Los Vio 75 parit of the d. Void(s) Vth Law Les the 60 pa mvi of Vve
muLmmIita mr om topm aide uncisuead somekLintim n mas ar Vie gte c~d undisUaxte
(Wticeb m MS stucommarn oy). (apLicaLe fm FM stnctw anty).

e. VoidWs Vat lue Um then 75 par =maf the mULLintian widthci cWencit with tv sorc or drain diffusion
Junction Lim undisubad~ (apLi4ag to W stinsamims anty) (an e w ti am. -15).

4 ft~ljet: void aqmiqg uncrLying -mi I W v f
. - unit dismab mcat width 00 is Less

thin 3/4 L (75 prmt).v

Ww

-Reject: Void aqsn underLying adde where ihe
rminir nsurba mit~s wkide ýn is Leas

F1S.N 2M0-15. MM %aoid criteria.

f.void(s) in fte badirg pi ares Vat Lrn.'i Less than 75 pet . or. its aric-na rungz~ ivne- itatLizatien arem
undisuabed (m figure Zr0-16).

g. Void(s) in Vie tcsdh po or fiLLet ame that raduo g. Void(s) in ilt bodingpe or f iLLet ae. Vatu
the aminw timta pett width mumet* V. th bond to reduce the mtaLLintio pst width coinecting
V. i tuvcani, mec g tEttiationto U tm Vu 75 the bond to the intercmecdrg intattimtia,
perNtt IOf Vat rWCW~t G IONrgr atOtimotiat stripe W Lans Vtan 50 pmras, of the var~mtm awtverg
width. If no or more strip i ter a adirq po, mminLimtia, stripe widUh. If -w or mce
adih seLt be axiiderie saw*Wny. (see figure stripes awto a bmchrg p, each suLL be

HEMM 210.10
4L 7JULY 19go
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1. .LM Itsn pupaw of this test is tomw bxU sW.~n .~uta bzd strength distribitiorn, or detawi
aLlmptm with spcified bxU strwgqi Poo6was of the silcI* salstion dmeat. Wei tast my be aplied to the
wir,-wodi.t bd, wirwu-a.hntme bwd, or ftn wit *-)- Ind hd ~insd ft package, of %n.e-~wcvc mncrmatctronic
dlrn boed by solderin, Uwsomp rni, u&Uiwnti, or relate tedvuis. it my Aso be apliiedt I I extanu t t
to rn c *Ahi a m ift *=~s r device tuwim s--* or wirlq bmvd or Mn intvrnL bond Woeni the and ubwtrat in
tumiwixx.ud donee ceifigamtiusc sa brn Led or flip dip dirno.

2. AFmM f appn eaus far this tut duLL insist of &Aufte e~aixm for apLyirig Urn specified stom to own bwd,
Lad wire or tookiuL as reaiud in Own spcified tast owsitiat. A iniatite - sani m a indication of Vie aplied strus
in u-es forow 40f stuLL be pi-vide by spipset cwm4a of minsr iu streses &V to nMa the specified wnmmau Limit eLit,

vii an ainm'W of 6S pa ve or ". gf, %hiduiina is Own grw~ toleranc.

3. g. 7he uat sksLL be arU.ted uini the test andition upecifiad in ton apLiciLe accisition dxeawint mcrist
vhhIft arn tia~ar device utruetia. ALL bund pAus MuLL he - -ead its specifie m pt~ing, acI e, and aded m p le
pnixiawsiusMLL be Ebserwe, a apaicLe. Whisaa @aftruS specified, for arditios; A, C, and 0, the L7FD specified for ftn
bwd SO 90 last MUwLL daetar hr to -imm ampl aMn in trm of Orn mini -m. eru of bxd pulls to be aocetishe dmor
Vwi ftn wur at ampate dinium in Urn amle sait IM Urn r"Atred mobm of bund pulls MuLL be rmd=Ly selecte from a
minima ofI.deicas. OwdpALs in aawrcewvthUstcaUtti D, F, 6, ard N, %MiLe irwtving two or soe bmdg duLL caiM
as sirgi. pulL for buMd sto w~dmi d UWD ppuma Wass odvwim specified, far iutiaws F, 6, wrd N trn OMD spcified
MuLL dam henthe utsr of die Wn be tan (rat I , 1 . For t~Arid or mAtidiip devices (aL widitions), a mininma of 4 die
or se aLL die if fsrarwe nut uasiLdi~e awm a mnim.t 2 o4utate device MULL be edi. lime tie., isa achmive,
anepmatsmt or oawur iterieL under, an or asiaiding Own die x asii to inamme Urn appret band strmigth, the burd st.-eltm
test MULL be pu ft. prior inappLicatiu

W=e fLip dip or besm-Lea duipsare bwded to u~wus otme Wn those in Lamp e deices, Urn foLWAMn anditions MulL

a. Tne ampt of dqip far Umis test MulLi be tae at iruafero Urnm dip p~auaticas tha use di in the cmtetw
dvmA=I uthery amn hits~ to rp Mi

b. fts dup for this tast stull. be bdia'Un the usies bmkap as Un ~ tI deices, dririg trn time period
wtOMn Wtiic h Urn~a davici Miiaure buddi.

C. The test dtip sAstrates MULL be p c - d, saLtLize, ad twdedi idmt caLty with the FI'etd device asttrates,
dring I*rni time Perio within eWiid the awieted device stavt es armas

3.1 Text qndtiarn:

3.1.1 Tast achdtia, A - OwM peL. This taxt is rarmiL~y septodi for buub eteriuL to the device padue.1 Lad or
turmiruL and to device sh@g MLL be 7iipd or claspd in aid a smer Utw a peeling stru is amrd with the specefied
Nege bebam Urn Led or taruimuL and Urn board or skasrate. Lbumes odurvise specified, an angle of 902 d~eg sULL be usdi.
lWIN a 1.1W Litamrs, Urn farce imin Urn failur ed' ftUr failure astopy MULL be rumid.

3.1.2 Tast indition C - Wire Putt (single buU). This tat is norseLy esLayed for interu bud art the die or ubstrate
and the Led frasm of wicraeLect-onic de~vices. ft n re arusrcting ftn die or abstrM te MLL be cut so as to provide two ads
accesible for puLL text. In Urn me of shart wire mim, it my be ninscmy w oA th Urn re close to ow towurnt ion in orde
to allow pull, tat at Vw e moite termination. The wire MU@LL be gripped in a suitale device and ampte puLLing actionap Lied
in ft wire or to the device (vifi the wire claspd) in sixm a mumw On t Urnfar is aplied appnxiatLy oruuL, to the
ANfm athUr die or us~trfte. Wwa a fai Lw' ocars, Urn force =Bung the faitLie EUd Ur failure ustagry MkuLL be rewr=

MM~l 2M1.7
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3.1.3 Taut awdttim 0 - wire oaLL (d.h~a b. This pr~oAe is im'timLu W thst at tast oxiitiai C, emept Vert Vie
petL is appied by inwuotirg a hk ~~ On lea wire, Catteie u die, akirtnut~e or !na or bohaide ) vihVv danc
clame and to piLting farcem is aLl rariley in the mwi of Vth wire in a directicri ercimately mroal, to th die or
sikonu urfem. or qirodummtay rveelto a staitio Lvt blme to Wide. Mmw a lei Lwre omirs, Vie lam cmzvVn Vie
W. Lum ad ft fiwLm uto mry duLL be rvo. 11w minismitmd strwmVi *uLLbeta mi fromu~Ca . Figs'. 21¶-1 a' h
iund far wire dimsters rot spacif imnubtle. Far wire dimt~ or s~fivetet cros uection VA inch, Lime a took wilL
ru fit widr VIe wire, a unablIe clam manb hd wiIn Lioa of a hxk.

3.1.4 Ton wdrytiai F - Ovd dwCfLi. di.). Thi sett is mramtLy Lamtyed far intanmk bwda biaboa a siccrebwr die
sd a sibtrat w. kfidi it is 't in a I m.~ oumfigaatiai It my anD be use to tut Vft Wrid brom a astrwte

*ad an v~aureium arria or aainm7 abs*.Ua in htcide V die iU uoi. A unt*Lc IML or ke* stulL be bro~i in
cemact vd Vto (w. Car iow) at a paint Just dm to pim ry m~ab f and a farme appiad pa padcuter wcie edg of athe
die (cr mrile) wd pamLeLt loim tpriy ubstrate, fmamm. o0 foait, byshma. Wwme faituraccuras, Vti facm at Vte
tio of faiture, wid Via fiWur catepy duLL toi rro.

3.1.5 Tat mdltici 6- Pudi-*ffvtau. mLm. Ti~s tatis ramItye~q~cyifr pro ~a mtralad is usmi a' a pe
of siImiumcXV diebdl We~ ispaecialty pompW shstrute. Thureforeitcumabe usmafor -u smiLirg at pav.aciu or
inspection Ltab. A auwitstmd abstraf iminiui a tote d*LL be emlqyvd. Vie hAle qapropriamty metrm, vdUL hi
sad'fiistty tap. im provide ctmeur far a pmhIi ta, ba t w t mW auug im itstorfr with Vth badm arm. 1?. p.i tcot
dull hi aufficimitly larg ws akvnml dark* amckm "ii 010irgY bat not Limp ~u~ to oitect On bm too in Vie

No bid NIL Pm vidi pmii-off tut em flbls: 11w shmftr lutl be rigidy 1.1 ard ift pmh vmta itaume Vvormo
Vth tote. Ihm amac of ft phImt tod i to sl~un dmnim duLL be umb wiuimt qareidiA* imet (Les utm 0.01 vindgvinie
M34~ mIvtkm ) ad taom apiut it airsim of Vti kmded dimn at a commit rawa. Wmt faiture coms, Vt farme at
to tin. of faiLure, ard Vth faite atop m y "uL hi mmri

3.1.6 Tat axiditign N - PuLL-off tart aCm L=C) This tart is rarmtLy emloye an a simle bmis cm bin Led device
4vidi how him ' 'dad an a - mc or odur maubule as~trate. The caLibrat paLL-off ~apbrsim (me 2) *ulL incLude a
pAll-off rod (for imwim a asrrut tap of nvid-- ar Vow* wire) Ws mak moeuctimi with a hard setting asive metonal
(Mer batisi hat sinuitiw potyvt P~ -aaets1 ruin 9fWO an Vie be* (Up side) of th bas Lend die. The sAistrate ulLE hi
rigidly N uled iIn Vie palL-off I ixos' ard Ov palL-alf red Oull asks firm maudi cat ammmuctom Ot t aýwiwv autai..
ftw device duLL be pitte viMii 5 dsym of Vft rmatL to at Least Vth catoatate farme (an 3.2), or siiitu ft die is at 2.54

-m (MID irdi) Vo t absrate. Owu a fal Lur cours, ft farce at Vo tim. of fai Uxe, ft mcwlatme farce Limit, OW Vth
foltage catgry duLL hi mrdi

3.2 Faibur cniteria. Ary bond pAlL 4idild rmAts in sepration udw an qaital strm Lass Oth Vat indiceti in toLe I as
ea mrCairad mInima bwd sragUd far Vth indicate test owdition, a~mpition, ad avutructia, duBlL mutiateu a faiLure.

3.2.1 Failure, comaxy. Failure otrap are am faIlls: Mmowiqcified, Vie stun reairei to admwise quratx' and the
cetqoy Rf separation ar fei hrte duLL be. amar

a. For hranoul wire bumz:

(&-I) Wire bhmk at rw~ipoint (rvdigtiaf ov ac sectiai des to i-iing proces).

(0-M Wire brhi at point aoa uth rockb.

UP-3) Fai~as' in bwd (xirwam beitina wire and metatLinitica) at die.

(o.4) Failure in burd (intora ,etin wire ard inaLlintiai) at abstrate, a post, or oadm Othi die.

(85) Lifted intLLixetiam fuom die.

(.) Lifted umeLLintioi fro sbtrutte or Fot.

(a-7) Frecture of die.

(&4D Practise of mAhtrate.

FE M11.7
22Prdth19
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b. For sommmmot becb amnct ing device to wiring or submtrte:

MA-) La or tormins to at defutiai u pmm (bwec affected raw

(b)2Z Land wr temiaiil be at prnt rat affacted by' boi.i pm .

(b-3) Psi Lure in bx interface (in so4iw or at p~int of mold interfam betwe Lad or teronnuL and the bm or
subsrate wamdctw to bhih the bod wa =e).

(b-4,) Coatr Liftted frm b or abstrfte.

(b-5) Practue vwidifi bcd or skstrate.

c. Fmr flip-chip aifigurutiens.

(c-I) Failure in te band mottorist or pdstal, if aplicale.

(C-2) Froctire of die (or carier) or sukotrate (rommo of pxrtiai of die or uAstrate immoiatety under the bc).

(c-3) Lifted motmastimt (sq~ionut at motatLizotion or bodia peetal frcm die (or carrier) or m~rae

d. For barn Leddvcs

Wd-I) Silico I beke.

Cd-) Boo Lifting an siticc.

W63) So blxd at Had.

(6-4) Um h cla at a*_ at si Liam.

WS-) So br'om b.mam bn wd adeof sitlini.

W-6) 9:d Lifted

Wd-7) Lifted motattiintta (sqaxtion of mULtiintia) frm die, aqmvtion of ming po.

MMT: AF/Riocuom tWrId Tat rT.ir* extremely ftat Wqo Aidihc my cous erron wire putt eto my uwe the ft~onl.ir
forjaM W determie the prxe wire putt Youn.

V,= V2 sine

Mum.e VI Ha Nw~a valu vPAL test.
! 2 xTale I v~alu for size wire tested.
0 Grantmet calculated wire Loo anle (figure M1-2).

Ala, RW/ioriov~ t~bri tat =mean wirm that rcmt be accused with a putt hk anst be dplicated a' a test cmmi
such a wa W allad hm acces for papmc at putt testing. Trame wires are w be boe at tarnom time the pockc ia'
W~bid e ambne using Vasoe satu, opersw r, =ha sd~Le. Yhe test amp wires are to be putL tested in Linj of tle

toivt or iucrnibtke wire a' tte pra~stion hýi. Pailures a the test am4 shell be weidor as tl Lure to
produtaio umiu nd w p rqriate actiai is to be trWo in wc ~ ith ve apLicsie spodficaion (figure 2ll-3).

MMn 2l'l.7 A

22Mach18
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TAILE I. Hini... bcr Xtrfui.

I I wire I R~ini bWstrwath (ano frc)
ITat ccapcitian lanwuuctionI I
aiftian I w~d dimee 2/ Pre maL FI Aw &wWadyo~u

I I 1/ I I I iniswd scr~eaniI
%ka I IabI I

( A I 6iwm in GIw 6iin aLicta I
I IIL&I ldo't I

C oro IAL O.MO1n IWire I1.5 I1.0
I[AI0.W in 1 _ __ _ 2.0 1 1.5

C orD IAL O.EO1in Iwire I2.5 I1.5
IMiO DAM in 1 ___ 3.0 1 2.5

C Or 0 A*L0.~Win IWire Sw ~bwd ti-gtLimits
IJ O i I I I *AMinwr

ICor D A I .M.0 tin IWire I3.0 I2.0
1 AJ MOM in 1 14.0 1 ;6- 3.0

CaorD 0 AL O.CM5in IWire I4.0 I2.5I
1 AU__ [RJ.MS in I ____ .0 j4.0

ICorD 0 AL O.MMin V ire V-120 I8.0I
AU MOM__ in ___ 1I 15.0 12.0

IF I Any FLip-cip 5 grwa-forcex
____~ud ___ __ _ of bomb Om)

I or I b I ImiLW 1Dgmsfrei f
I II ILinur i~toata of whL uiearwdI
I II I~beloratuivu)bvidU 3/

I/ For wire d kmtar unci secified, we ft CAW of figure 2MI-1 to dewtmuir
the bad pi.L Limit.

2/ For ribbc wire, USe the GjiwALet Mrwd wire diameter 4Aidi gives ft -
crams-sectiout aresiasnthe rid= vire being metai.

3/ For ax~ftioi G or H, the bmW strwuV duLL be clotermir, by dividing ft
bracir force by ft wtsL of the ,oineL bam widfm befor bwij

4. SMWY. De IOLLowing cetwiLs *mLL be Vecified in ft qLicdLe aciisition demimt:

a. Text asiition Letter (see 3).

b. FMon~ bcrd s2tr-q if ao~u V, specifiled in 3.2 or cletaits of rsipred strangu distribiticm if apLicobe.

c. LWD or ud~w wd setection of tonc piLLs to be -t Pana sm ideicei, ar nu.fr of dwivims, if ad-r tte 4.

d. For tot awwition A, wigLe of bwd peet if aow tui 9T, wrd bcr stra~i Limit (See 3.2).

e. PAzirawt for . Wmt 0. of "mst iai fora wd fal Lur cotepries, Wwu apLicdte (ame 3.2.1).
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FIM MI1-2. Vire Iw arate.

F12M 011-3. FLat Lm wire pAl tortir
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*1. . We pup~e of ails uinitutior is to %wify tW tw ammuL O~iin dimn~ of lhe dmc ov in= dom

with to oLicube ampisitim~ dait.

*2. al. 'qI~ , u in tft awsu dnitatt.~ incLu& .ia'iwrs., mLipos, qp.w, cmft prlo or d
inrog sipw~t cmpL. of dwiumnb k t acmAL dwc dim wos pecifiod in Ow apLiAame mqnsitiai dammm.

3. W Lhm oUtwias qifi4, to pysiag disiasc sif =w ae oLii dmu" dwLL be mwod

3.1 FaiU" raiw4 MW dwic Qvidi eiiibits a diammur or dummiais autside ft qwcitied Lu~www or Ljmnts Mutt

*4. MM19. The tCLORMb d~lt du14 be gocifiai in the appicobe amp~isitien dominit:

btsrat d~oiini dthidh am , I of O'~imLty dncribirj fte dmiic (m 3). Dimmiam W be msidwm OuLL inctt~do
am matims dismiam WociaL tnd dq (e.g., r~rird bwd pwticu, wVLw of bonc), Wiue oLicdL; dwomia, of
aw projectirg or 6 d lesunwdm umd l co~h f Lmd arrui ag , amnie hwd~wi ad swin r par.e aid &V
odu Wanfmiai thidh st ft IiWrdat sirn or ariwmtiai of Ust dwior in ,uwmt appimtwiL
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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
attach semiconductor die or surface mounted passive eLamants to package 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) end the visual appearance of the residuaL die attach media and
substrate/header metal Lization.

2. APPARATUS. The test equipment shall consist of a Load-applying instrument with an accuracy of *5
percent of full scale or SO gram, whichever is the greater tolerance. A circular dynamometer with a Lever
arm or a Linear motion force- applying instrument my be used to apply the force required for testing. The
test equipment shall have the foLLowing capabilities:

a. A die contact tooL which applies a uniform distribution of the force to an edge of the die (see
figure 2019-1).

b. Provisions to assure that the die contact tool is perpendicular to the die mounting 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 binocu•lar microscope with magnification capabiLities of lOX minimum and Lighting which
faciLitates visual observation of the die and die contact tool 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 sampling, acceptance, and added sample provisions shall be observed,
as applicable.

3.1 Shear strenoth. A force sufficient to shear the die from its mounting or equal to twice the minimum
specified shear strength (figure 2019-4), whichever occurs first, shall be applied to the die using the
apparatus of 2 above.

a. When a Linear motion force-applying instrument is used, the direction of the applied force shaLL be
parallel with 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 apply the force required for testing,
it shall be pivoted about the Lever arm axis and the motisn shaLl be parallel 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.

c. 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 made with the header/substrate
or die attach media. If the tool rides over the die, a new die may be substituted or the die my
be repositioned, provided that the requirements of 3.1.c are met.

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 a failure.

a. Fails die strength requirements (1.03) of figure 2019-4.

b. Separation with Less then 1.25 time the miniua strength (1.0K) specified in figure 2019-4 and
evidence of Less then 50 percent adhesion of the die attach medium.

c. Separation with Less than 2.0 times the minima strength (1.01) specified in figure 2019-4 and
evidence of Less than 10 percent of adhesion of the die attach medium.

* m For eutectic die attach, residual silicon attached in discrete areas of the die attach medium
shell be considered as evidence of such adhesion. For metal glass die attach, die attach material on
the die and on the package base sheLl be considered as evidence of acceptable adhesion.

3.2.1 Semaration categories. When specified, the force required to achieve separation and the category
of the separation shaLL be recorded.

a. Shearing of die with residual silicon rmaining.

b. Separation of die from die attach medium.

c. Speration ef die and die attach medium from packge.

4. SUMPARY. The following details shall be specified in the applicable acquisition document.

a. Winimm die attach strength if other than shonm on figure 2019-4.

b. Imbe of devices to be tested and the acceptance criteria.

c. Aequiremat for dati recording, when applicable (see 3.2.1).

Supersedes, page 2 of NZL-STh4130.
ME~TW 2M19.5
29My 19g7
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•Tool •AJ / Tool:

4 IECompliant DIE

FIGURE 219-1. Compliant interface on contact toot distributes
Loud to the irreau.ar edoe of the die.

/CAontact 0nat
Tool Toot

FIGURE 2019-2. Rotate the die contact toot or the device
for paraLLeL aLionment.

ContactyTooVC

FIGURE 2019-3. The contact tooL shatLL Load aaainst that edge
of the die which forms an angte - 90 with
the header/substrate.

METHOW 2019.5
29 may 1987
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WUNar TYE "MiflSe

1. -. O Ti~s win'satnishes to mun for msing ift We ji tri- itian tives of digits( siawoeaoctric dwices,
auhseM ilL, RTI, SCL, anud MS.

1.1 beiii U.e fo~neing dot inition a tt aluLL y for On pswee of thism~

1'.1.1 is t~~ies nm) tuw busticnti, f the copsu iroe 10 1.. as to pery or ivottu Leaets of ocapt %lotw
wthtespeawmamp ~ ~ ~ ~ U.gngrthdf Lotnw defitn HE IiLw.

1.1.2 FaLL ties !!iM). fth tia itian tim of the aaq= frw 90 pow.i w 10 permit or %*LUe LeveLs of CJA~u voLta
vwftth. p@Mwcwpx-t .1fnatwef HM .~I~i LaweL to l definW LWi Lent.

2 ARM Su~~ip cipe of minring the I Im tim bebimspecified rwate ppintsa (rrLLy 10peritan to
PEuMit Ca I* positiverrnts aw a) a-9paermt a 10pera iU.uci ruiis r otg eies r Thtest di
shaLL be ~aami of nifiminhrthe deic uws test at wiy specified teoprmawe.

Ar 3. 5U E Do~ device dwLL be sbimitize at the specified test tepeaumre.
7Me donc wder tat ielL be Loode as specified in the epLicIab acaasition do.,t. fth Lai shaLL meet the r.airi
spcified in eUd P M of this damiinmt. fth divig signaL WeLL be apLied w specified in MMd W or the sqLicLe

*3.1 r~a ft a c UiatheUr~Ase st the U rime trusitiai tim ft7,) sWeLL be sasued-i Mean the 10
pa sa Opm onsa h positive transition of the aipi puge and the aLL trmeitiai tim (tW~) duLL be imawumi
I P 1 1 the M pui = wd 10 parmwt points an to nagtie traiiai of tu Aipat pise. The device ur test **LL be
axditiane aordi w the apLicol" acquisition d~art withwi. im L Wasn YoLugs aLiei. Fig"r 3M(-1 stms typica
tUNiSi ties mwwwit.

~4. Ile foU*AVi~ detaLs duLL be specified in th~L~e secb*aailsitial dxawit:

a. t1w. Limlit.

b. t~l Limits.

c. Transitien tim, mimit points if odr thin 10 pemitu or 90 permi~t.

d. Pw setas of the driving siguL.

e. Couhtianiis voLtag (static or dflwie).

g. faor Awy wLtaes.

h. Tort toprsurea .
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100% .I Vo
90% OR -- 90%OR

VOLTAGE j VOLTAGE POINT
VOUT POINT 

900

(INVERTING) I\

VOLTAGE POINT
------ --- a " '--- ---- vO

10% OR VOLTAGE POINT
-~I --VOL

tTHL tTLN

tTLH tTHL

I10% - VON
-90% OR

90% OR •VOLTAGE POINT
I VOLTAGE POINT

(NON- INVERTING)' I

0% VOLTAGE POINT VOLTAGE
POINT VOL

FIME 3M)-1. Twmit'i ti mm imts.

HE1M0 3O).1
15 avab- 19
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METHOD W177

RH0KEESM~ICS PAOCAM DIGITAL SIW4AL TWWSISSIQ4

1i.1 TiON This asodLishm th own of emaLLating the chructeristic iupuIc P1 itance, ard deLay time of
siget ine inpanesumdforMOfre.wcy digitaL integrated circuits. itis into~n to masae a mtch bet~i circuit

pe we-e r intei uwctiir wiring to uininize sigal dogrA~tion.

1.1 Def initions.

1.1.1 Owucteristic impadice. Thie iupg1cthat a section of trsiinission line eithbits du to its ratio of resistance and
irdxtm 100 capecitm~

1.1.2 Dea imie. The time de~inj .,~riai W*m a puLse generated by a driver with a pmtiwuLar drive impeacie is
p t wough a section o at.e =~ionii Line.

1.2 9VoL

R: esiasm Mo

C: Cciinim
tgd Prxgicn " tim

2. APPAPAR3.f Wp q-rAd for tramission pe foiw- mmgjwrvts "uLL inctide a vAitmbLe time din r'ef Lectointer
(TOR) (see 2.1) and dc resis Pm P mummisrqu..iport (see 2.2).

2.1 Tim cbin ref Lec~tma-. The =h und for this test VaIL have a system rise time for Vie dipL~ayed ref Lectii that is
rat Leos iUw 5 time wrd preferebty 10 time Vth rise time (mlV 3334) for Vth wxndidte integrted circuits to be pmkgJ
InterwIuCting ClLeS and fixtures iumLL be dftigqadi muhtat this ratio is net dur de w ref lectiaw and ringing in Vth
test -vup

2.2 DC resistenu. DC resistance mammrij eqiipat wd p'die fixtures sh@LL be caaLe of m ruin Vth resistmice of Vth
tombe L and Vth dinp-to- p~~interconact madia withi an accaawlcy of me greater than *10 pei cant ofth actual veli

inecading ernors da to Vth madn ~cat priobi interface wiect resismic.

3. PEWMS. fth test aquipmot cnefiguratici a*uU be as stuji an figure W17-1 usinga tim dan ref lectamter a
apecified (see 2). fte daracteristic i g -1 P (Z,), picptapio time (t ), resistam ard Ld ~cipwito (CL) shaLL be
um ,- for all. representative config~urtions as determined by a mnewi o;V;; & dairs, and Vt intenWappLications
(see 3.2 thra* 3.3).

3.1 GeneraL considersions.

3.1.1 'MR memmrewits. Accurate mauremet of tram ssion pet forixn of a peiaepin using a TDR requires carefuL design
and impLamn~tsion of amter f ixzure to amid ref Lecties clue to L, mmission Lire discontiruities int Vth caes and junictions
betiini Vth lif ard Vthe d being tested. lhe accuracy of Vth ~mem t wi LL, be alwia if Vth aiaL cmLe use to
intorm to it packag is of a duacteristic iic J eP s cLose as posibLe to Vt ac pin i I Rem . The interface to Vth

*mag taW be a soldersi wrectian ad medwicst deign of Vth aco ial -to-p~adge interface doaud minimiz Vth Length
of Vth uncontroLLed impamic section. StripLine interface are Vt best metho for wrface ~mtm dcag styles.

3.1.2 Test comfioagatic.. Obtaining a go high fre~icy grazad is als a' i~tont. Coviectiin of Vth packag groimm p~aie
(if Vth pedme desigi has one) w Vth test set-W grcud plure staoaLd be mac, pisidi with a pin configuration simiLar to actiL
usae in Vth i etod pmdwug rptictice.

Pin selection for testing my vary accoding to pecicae coiLexity. For clg, with very symmetricaL pin comfiguratia.s onLy a
fai pimne d be -est but w~f igraiois mat imnLide pins adjacent ard r jaCW IL to Vth grourd pins. Padclge with ampLex

0 ~wiring wd intermcyatia =die shouLd be tintW 100 pinrccit.

mEm 3b17
Ilk 29 Pay I
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3.2 Tawt prmdue for owimn truimission dwacturistics. ting~ a sectum at amm"OL co.e of Wuma, coLibuote
douctso stic i IoJm CZ&.I) as a Wren~ce momm Uth ulilma (L,,1 ) Imaxmm(Zr)n r r (Z.) wMzms of ref Lectian
intficiuit (p) f* to aswta6 of Lire an Uth = dimLuy Out has bi wefuLty dismie to beth p em pin (Loate Laing

Catwtint dwautaristic impsime (ZO) for esch of Uthmo from to foauia:

Z (1+P)
st (1-P)

3.2.2 D*Lay time emyrom. From Uth 11 diqLw of 3.2.1 mmwe Uth time difference in piew from tte point
idwtified as th st of at Urn tuaric pakg pin Ct%1) in U. dwip inmfm point (t2) (At t=t2

Foi rm ftpipdges~ign &,mings, detumine Uhe phyicl mL Lat at Uhe poaIge nai CL.

Time delay tV4

3.2-3 Lcm icmtuw ca~wai

Load capacitance C.~~-

Load inductance (series) - £L.jd
CL

3.3. Switesia w.i m.Jsmiut.

Us"i Uth test-94 Ofu a fig"e 3W-2, sqinrataey mamasv the dc resish r of Uth dwip-tc,"doge interacemedia (YA aid ft

4. SAW&K. The foILWAV detoLs, Owm apLjioe, *eLL be specified in Uhe apLicdLe acqjnsition d~amit:

a. zvm.

b. ZI.

C. Z0 (mc.

d. Z0 (m").

*. tpd =()

f. tpdmNW.

g. CL (moa.
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h. CL uin)

i. L 1Ci(MO.

4 3. LL (OW~.

k. c)

L. %(own.

n. k.~ piaOW. t~t

a. Pudmpirs to, be~a~i~

ME11M 3m17
29 ryigs1?
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TYPICAL GROUND

CONNECTION

COAXIAL OR STRIPLINE
INTERFACE

COPPER
GROUND
PLANE

\-CHIP INTERCONNECT
LEFT OPEN CIRCUITED

FIQK 317-1. Tim. dmin refLectmsr test se•m.

29 fI•, 28
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*

2-WIRE PROBE-CLIPPED ________

RSECOND PROBE TOUCHED

DIRECTLY TO PACKAGESOLDER -PAD

PROBES

iMILLIOHMMETER

FIS 3M7.-2. Test seum far do rsism isim a mwLLidcmater.

PEU 3017
29" 1987
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010MALK IUAS.ITS FOR DIGITAL flIOCECTWHICS DEVICE PAOCAG

1. Pi . TiMS Miv musotit h Owsm of saxingr the LeueL of ecrws-ampting of wi 111 digi Laý 119313 and raise
ettpins in a digiutmL .iairawit pelg. The wt? my be used to gohrdta thut we wufuL in the predictxn o athUe

43 mit.ib~ioiaw tto raimi neylfi of a digitL device. The technique is =Wtibie wiith niltipte Uxfic fwb~ie prowide
th h drive aid Loo ia are Waw.

1. 1 Definitiaw.

1. 1. 1 Ctetk. Sigui aid rase wr~eorm aptmie beroun i iso~rted t.r- mssiat Lims, in this coe, ackag coxiitors.

1.1.2 CbwLft coucitenc. ftw effectiYe cupcitunc ampting betwu'n a pair of cwdactors in a peck ase ii .ru by the
tine mmunt at the dup puLse apLled aw an Lirm end mewaed on the cowu.

1.1.3 Wigi woA va'.te* The tvLtqe af a crosstaLk sweued at the miniumra ise puLse w'idth i ase an a receiver
irPit Line.

1.1.4 Pee noise voteo The pee w~mue of the mime pAs mme lon a rwneiwr inp~a Line.

1.2 %aak The fattnngwiy sos "(LL apLy for the pxpwe of this test Pr and shLL be used in arm r~w r a ith the
definitlaw provide (me 1.2.1 and 1.2.2).

1.2.1 Latic Lmeves.

VQL(=O: 11w monman c~itpu Lu Lewet specified in a Uagc systm

VC (mmi): ft1wminima wanpt high Lueve specified in a Logic sysm.

Va'On): The simau eaLie irput Low %atup Low( in a topc sysm.

Vlh(xWn: The miniaw attooo irpit high tooet in a bagc systm

1.2.2 Wbise Puse OWidL

11w: fttw Leet raise pzatse width, maum P at the VIL (MOc LeweL (see meow 3)13).

11w Th high mevet noise pAin width, mamwir at the V~ IN(in) Leaet (me eto 3M~2).

1.2.3. Truanition tims (someo 3aX).

tL: Rime time. The tau ticn tire of the cAjpj fri the 10 pa ent to the 90 pe owt of the high vottee Lewe4.s
with the aitpu duigiag fro Low to high.

tL: FaLL time. The tronsitian tive I ro the 90 powt to the 10 pervetat theUr higi vo.gLe LeveL with the o~pLA

dutgig Ino high to law.

1.2.4 Crosataik paintes.

b:Nose pu~e voLtege (se 1.1.3).

V : Polk raise voltoge (se 1.1.4).

METM 3018
29 mey 196
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2. APM a 11WW ~m used for cross k masueets SNKL inctade a sulabLe a~rm gommom u sa 2.1), vid~
mcdLamom (um 2.2), Uma. wiss pr.i (m 2.3) wUd Lad ruiast (am 2.4).

4 2.1 Su ME= ft a =Ac go N for this tast vhmLi be cepoik of dpLiwfting (within 5 pam, the t.- tr itiai
trimm, V mU adLI~ of Uhe Logic systa~s) being cauxidm for *4icatiai uing thern da stye Lniewr vwlAtutaio. lhe

asm& gmvmWv~Z%:SL4=w a rirnL. d -- cto stic mmi iqmpwd of so sin.

2.2 Vti U mcid IaW . 1w wciLLosp ue toU momu to asm~tk pA2* smUL hove a dimAmiy risetime tht is Les
wthm 20 pwmat ofher risutim of the ingc rystme being amsidid for #LMticmi in the pelo sty(*mler u~MANiUti. A

Issipt*typm mciti go~ misrecmm

ýe.3 Low cAumitasme wd. Ut Iinterfacebetwe tivoscitloo~cqe uUnd uthpit oivir te~r dwIL br a hicp iqmimce towi
copeimic prda. The prb im u p I haL be 10 4 ini mium a rnd h cqi to sW be 5 pF, smium taitess othvriise
qmcif lad in the eaahisitian doAmmi.

2.4 Um 11wn . h Lad resismr quail jd for this tat duLL be kme ie~ctom, L~wou citinu. chip styte resisr
with * Wtarrm of 5 pawam,. Loa resistor wtum(s) d*LL be qpaifiad by the acqxisitiat ciminit to imtdh Ur Lan

p xtm P eLoos of the imsicati Logic fm Ly far a siroe. so 2 v Lam.

*3. .MM ft ust oui~mm caffigimstim duLL be es shchn a fig,, 3M8- using a murce ymmet, mci Losav,

ptche ad Lam as Wacfied sme 2). vmemwswt duLL be am* of apl1,ig owcisivie, (see 3Z2 ad if mcpnred by the
asqasittia d~cmi, of nmes pAss Y*u pk rmi pim ts. 4r mU iss pilee width (sum 3.3).

3.1 Gý otiesin

3.1.1 Pfb tat ausficmuticn. It is iqrt m toVvrU the pnage using the sempins as wouad be und in Uhe
miarneirwit quoictiai. if tho pacbW hom an ume,u gurU p~mw or grazU mmcticn, this dcuaW be ownected via pcm
pin(s) W the acmits test set-up gurUd p~mw. ftw mpda duid be owvutod ID Uhe tast set-u.p with amiat abte or
striplirm. LfthieIed dxtom audit shmW ra be umd bms ' Urn siquL sas.mU ardpu CamdaL shie~de mus be
gralcda bobt ads at the c4a. P I sodcats judd rat be wd wislus tine are to be pot at the .iramrcirit
aLimtim aifipautia. Ftmp Lam sam be fa wd mu r as eeif lad in the qupLicaim. Pa-s.-di
into .mact iv moca dLuL be ii Letd in ftn pad mp anusd to. v u t* thde Lmd raisin

* 3.1.2 Pi For siq" pedags with s*intriaC,, porLL*L pin wiwotors, oly a smiLe of pin amiuutar fee be
tested. ttms odwwise, qucfiad by the anzl~isitim dsin*, AtaU birtics adjmin w se Ungu~rU pins) mid as ofinstim~

.ito the grad pins) shmLL be tested, m a admni. CaW4etwkg with mrettLea wdacwrs or mi~tiLsW wiring OmU~
be tested for aLL adjammu-*ar aminstmm', inmt as o~nw so spsci iad.

* 3.2 CURrng SE~itom mamoggrt. Caui tet r tast u~ipimt as dont a figure M¶-1. Use a 50 d dincip resistor Loa
in the driven pin dmwirn, iwtms aosevisespeucfied. For Uwe pick-u.p dwn. , um te nLad resistor Yatue(s) as qaified by
the acupisitxn dxint. (Lam resisto bAm dicu be set such dth the peLteL amirnstiou of Lad resisttim and probe
impu mtdmn as closely m prectict Urn qmeifiad Lad i pl of a singte receiver in fth logc system to be usad in the
mianccirsait aWLication.) Ouck trn residmt crwai-cap4in of Urn inurin set--kp by tuiiwt rng h pvr to the pick-cp d-wwL
Lad bafmr. the pick-W pin is - actad to the resisto. Nina. W mU eard thern puits. itaLge obe d ihis pkpuLse
, meir ama be Lass wtm 50 puwit of the m~inig cbm9v with Urn pin - uctad toUr resistor for a reeing to be ALid.
Adjust Urn test set-.p cote ariwitatiat ad wit geutian W m inim= this easidamsrosm-ptiry.

29 rmy IW
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Cat the pick-up pins tm Wed resistu an adjust Ve puLse width so m the twim reiOre to dwge te coupLin
c i toce to 0 V c beobrve. fme the tim at te 63 pei c oLta xpoin on the waeform MT) a caLcuate omLirg
caeitanim (CC) as fokUw:

Detexm•nte R.,. = x Rjd

C~e~LT

CC = C7oCAI - CeW.

Vlues of CC co be used a relative mum'for amm i of potential =waLk maql ArtL po. ges W a scm o.
ft1 CompLi.g clciti (C C ) cm al.o be used t predict Leves of armwatk for vious Lopgc syst or ciruit owvigurmiais

by pe rfonrg a pute remeu ntysis using a ciruit simultor.

* 3.3 ise iulse mmmurmim thig te ame test semp as in 3.2, miuee th aostaLk raine pulse voltag at te mnium

roise pulse widt specifie for tm logic sjstm or as spcified by th acquirig aecy.

Msemme pok nrise %oLWg value of Ut cap4e cmawAUL.

4. SW•N. he follow" dOmLs, when qpicmbe, dmLL be spcifid in the amcqisition docmnt:

a. CC.

b. VOL Cm).

€ C .VU R

d. V" C1mO).

e. VIN (ain).

g. tFH

h. t tL.

i. t 11V

j. VN.

k. VNpK.

rf1 • 18
2 9 My 1997
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S~OSCI LLOSCOPIE

CH2 CH I

50 OHM
CHIP
RESIST)

RL

GROUND PLANE

PULSE GEN

pfmh !318
29 1w?
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1. KINS Ithe p*vm of this toot pi om.re is to meore gain, bandwith, distmtiai, dfluic rung, and irpat i
Gain, *roc rw, and distertion we amie into a Laga signs test gw~w its diStOrtiWamesinrainit WILL -1 t2iwte eiUvar
Lacko at moic raus or i imiw- distot ice.

1.1 Deintions. h 17wo&Ltork dohnitias s*LL appty far h pirpame at this test wmUd.

1.1.1 Mo~irnR oRAPioLt agit_ (Vc). The incirncu oJt= 'vo~tta swing is the moimum po-toink uM Oyoftag .vth ~iid
an be cmined bflUmj ~wadeta EcrippirU... n tequmiecnt dr aoatgt vottog is set at a qrnofied referorc Lavok. The anng
Lfteis Wre 1 0 PW by 4qo jar -Vap.

1. 1.2 Singto IN winpt 1m (Zte). 17h sirqe aed irpA iq~iodor is the ratio of Urn duige in Inpuwt YoLtage to own
dierge in inFM~ @wtsiMonu ellrW irpit and majid with ftn ador irpit turiuu. ac gruad. In cae of sirglke irpit
40~tiiers, it is ft 1 iINe b th.iat tomuinut and voi . It is mesured at the qjaia* i actpW dc LeWL.

1.1.3 Ditfuwytriat itpj i ae C ). ft ditferwitiaL irpit I II is ft rtiot at the drnge in Input ivo4.t t w *n
dWFg iffl Wrp Iaw =11 amon a W am urqraý inpo tormiroL.. of Vow aoLiftr at the 9iiescont acpj dc LeueL.

1--Ttpgi he vo.tage gmi (put kmp) is Urn ratio of tie cApu~t voLap fn~ to sint ,ijtedw or
di fom~tOLirp vo4 ,recir'md fz d~iw the aizj to eith sr ing Limit.

1.1. Badidh 17w Lo !bui t Lac bodiidUh is the romp of ho~wc es wiftin whichth U xrn -LAco .o~ttqe gain
of *le APIlr IS Mis M EM betonth YUrn ofi.a Own ui-'d q Lap gain.

1.1.6 Distrii fth Utot ratio of Urn ft an of aitLL two i to thetM toesi votto at the cupA for a pze sine wave
irpot.

1.1.7 &tMt coin bmdtkhhd (OW): fth ity gain boidiiUk is ftn troqugry at Wdnd ftn @.apt voLm Is e.mL to torn iput

2. DFMDM1W ftw sqroua **LL =mist of aqgrate test equip. c~*~ of moming spcifiie pomto~ and ai
amorurite toort tixtia with stodo inpx, oApa~, mrd fam@ resistonw.

3. PMCBM. 17w text fgigres dwth crn wrnatia for the %wicus test wmditiase. A ditferantiaL irpit is *aai, but if a
singte e4a inivertintg mapifier is und test, th rn 1p iwt3shiam at t* n itive irpi ter~iaimt shLL rat be used If a
?ninwwrtrq imptifier is wdar test, it SIULL be rnecsswy to efthw use fixed bias i o I of the dc f I a - or to use in
ifweting gain of a*ie ptifier in Urn fem~ck pth. For dittewit, al ojat device, fte ommumomits cribe in 3.1, 3.2,
3.3, and 3.4 betow, asa~LicWL, duLl be romtui for the attar *Apit using Urn Same test figure oepot out ftn amearing
swipmeit shuLL be awiicted tohUe odiar ajut.

3.1 Coon Um coin usir Uren uLL UM. 1he test fiqga is damw on fig,. 406.-3. l1w Loa resistor kis gorawe. Set V
to -10 V And mamet E0M. Set VC to +10 V aid sonue E2.

RI E02 - 4

3.2 Disto tiffl. Oldr Urn esditions of 3.1, red the distoreia in d*Ur distorticn mewte r den %cLta at tvw aa~xri af the
rejecticn fiuter if dut is wusm

3.3 resi..u am=i poLt fna.te test figure is sham an figure 40-3 Set VC ec.u@L to zere. Switdes S~- S4 r
cioni. For +Vp wty a V1 maokL theUr poitivie suppLy %*LtW +v op V . For -V,, apLy a V1 e.rnL to thenegativ~e s:piLy
%*LtN -VCP V2.

22 March 198
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3.4 ftiidUh. EsxIib~g the spit~ of V2 witU'lUm Ift iwv regian af tedv ic La trf twt at a frewwcj specif io fur
ow - - - t ofA. incom the freiutcy, %bi t ainann th =p~ f'' io of V, coamt aoLV'rdcmt . of ve
ariginat vImUo C3 dB dmo). This froquw'ny stoL be as~m the bux~idth for ft devi~ ce u d tort. yho test ftigure 1
shaom an figuas 4CK-1.

3.5 box i * T his wiLL be specfied a a minima vaUm and **LL be momormd by derving that th uM w~~. t opt V2
dom rat " a" he 6 dl (2:1 in vottg) 4w ft us ntch S is oprid This test *LL be pira fo at *asp.cified
fro~an wIit a spcific apitu~de of winV. n Uw Linea rqgin. 92 sheit be gmwn e th vU n af ft inimax irpit
iqud -. Itwo tort figirs is sluat at ig, 4M(-1.

3.6 Uvity win bw id~t. 1mw. ths fre~wcy at o, (stating at IM If) Lilti L oba el. f fro~mty at thich this
owirs is O. UTh taot fig" is *cm an figu,. 40M-4. Set Ut irpit %olta V1 to Uth r=W red deviceo agt

I. 59m. The fttong iW U *ais L be spcified in Ut appoic4ab aoisitiai d=,ot for *ocifiee us~oom of Rif t2o C,
*VCfor ft ntLtirq ampLifier, P3 an k

a. O at Specified tomporloets).

b. ZmN (Uifliaa), at speified temowor~(s) and fro'psiy.

c. 10,thor s~i1sba, at specfied toooroar(s) ad frwnuic.

d. AWtheme 4Wici@I, at spcified topw"UvWs aid fropsoy.

e. Aat specifiled towwove(s) and frn~msy.

f. %,j at specified tooenum~aw ).

g. Disurtion CO, at specified toemp aenrur .

h. Val, %Aot spiobe at specified tompr~mue(s).

i. OW, at specified tomponMMI

j. Test towitave(s). LhLams odurvis spcifiled, ALL po mmto sloR be 'nrdat ft minimaen owU ina specified
saiant cpsat ho toprt wasu ad at 25C soiont.

bLMEM~ 4aD(s.1
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Vi R3 c A

SIG"L L VOLMETE

FJRM 4=641. Test ficre 1a bwddidtid imut ituzt .

FIM. 406-2. Trueer futctic cimrit.
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+V

+LOOP

S S 4 R

OUTPUT

F• •Of-3. Tat su far m 1 mpm.n dtsztiai

At R3u NULL mw.

ARM2

SIB

R3 LOOP]E

PER 4M6-. Tut sonup far ucm-t Lm o, ud~i.t~

+V

f 

2
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SEMI G42-88

SPECIFICATION
THERMAL TEST BOARD STANDARDIZATION FOR MEASURING
JUNCTION-TO-AMBIENT THERMAL RESISTANCE OF SEMICONDUCTOR
PACKAGES

1. Pftwe emperature sensitive parameter. 73P - Ls the

This document provides the requirements for a standard tepeatr deedn elcria cact respc t a

thernal resistance teat board to be used in junction- juntio unertuea whicha bse calibraed wto despectth

to-ambient thermal resistance measurement of a sdt eetf

semiconductor package under still and forced air jun ti W tiperae of interest

condition as a referee method. 4, O~ f tnm idon

2. Appfl=MbI Documents The material required for making the thermal test board

Information regarding the methods for measuring can be ordered throgh any electronic supply stow-.

junciorbmm~ient thermal resistance, the poer design Roquiruinisf
and we of thermnal test chips, aNd materia specifications
for printed circuit boards can be found in the applicable General requirements regarding the materials used far test
documents listed below. board, the speciied physical dimensions of the test board

2-1 SW Spe~adowand otheir necesmry conditions are described in the

SEMI 032 Guideline, Unencapsulated Thermal floigpritps
Test Ch.ip 5 .1 Material Requkealents

SEMI 038 Still- and Forced-Air Junction- 5.1. Thie test board materia should be NEMA Grade
to-Ambient Thermal Resistance 0-10 a equivalent.

22 M ltay Me surements' ofICP12a e T he conductor traces on the boa rd m~ be copper
2.2 ilitry peC~katins1 and the total amount of copper shiould not exceed 20% of

hMILP-13949 Material Specification for NEMA the surface area of the board.
Grade G-10 Printed Circuit Board 5.13 The vias should be plated through.
Material

MIL-STD-883C Method 1012.1, Thermal Charac- 5. 1.4 External wire connections from the package leads
teristics to edge connector leads must be made with 24 gauge

copper wie.

3. ekW Dfihios;5.2 TermaL Test Board Layouand PhyswialDimensions
3. Se~t~ Defnitltis- Two separate boards are designed for the purpose of

junction temperature. T - in degrees Celsiuis.sused thermal measurements of different types of
to denote fth temperature of the semiconductor junction iisioondctor packages.
in the microcircuit in which the major part of the heat is 5.2-1 Board One (shown in Figure 1), is for Dual-In-Line
generated. Usually the measured junction temperature is Packages or sockets
only indicative of the temperature in the immediate a iesos
vicinity of the element used to sense the tepraue La. d 45 Dmn ionc :00

Juncion-o-abieflt thermal re~ne ROJA - Lnength: 4.50 indies_±0.01
degrees Celsus/watt is the temperature difference Thidthes: 3.060 inhe- 0.015icm~ .0
between the jusiction and the arbient, dividedi by thre Thcns:000-.05ihe±000
power dissipation PH- b. The vias shall be located on 0. 10 inch centers ±0.003

power d&flpem, PH - in waftt. Is the heating power non-accumulative.
applied tothe device cining ajuncton-to-rererncepoint
temnperature difference.

I Mfitary StAvdad. N"va Pubmaucati ard Form Centuf, 5801 Tabor Avenu, NiadeO^ia PA 1912D
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c. The dimneter of the vias shall be 0.045 inches ± 5.4.2 The test board and the edge connector clamp are
0.003. placed in a one cubic foot enclosure as shown in Figure

4. The edge connector clamp height must be adjusted to
shen lion ofthe vs otensure positioning of the package in the center of the

shownn~igrel.chamber.

5=2 Board Two (shown in Figure 2) is designed forchip 5A.3 The electrical wire connections from the package
carrier packager. are routed out of te one cubic foot enclosure either

a. Dimenmio: dtrough an edge connector or through small diameter
Langth& 4.50 inches .0.01 holes in the box.

Width: 3.00 inches±O.O1 5.5 Mounting the Test Board for Forced-Air Rau
Thickness: 0.060 - 0.065 inches ± 0.005 Mesurement - Forced air ROJA measurements are

b. The copper trac shall be laid out on the PC board perfomned in a wind tunnel whose diameter is 8.00 inches.
as shown in Figure 2. The traces are drawn on 0.050 Details of the wind tunnel are given in SEMI G38.
inch centers : 0.005 non-accumulative. 5.5.1 The test board should be mounted inside the wind

c. The vias at the end of the copper traces shall be tumnel on an edge connector damp as shown in Figure 5.
located an the 0.10 inch centezs ±0.003 inch 5.s.2 The t boad as p in the wind tunnel srch that

dte longer edge of the package is in a vertical positi.
5.2-3 B tbeards forotherpackages should follow (See Figure 5.)

similmr guidelines as described in 5.2.1 and 5.2.2. 5.5.3 The longer edge of the package should face the

5.3 Meavein Guldeline, - Board One is designed to direction of air flow.
accommodate Dual-in-Line Packages and socket- 5.5.4 The longer side of tue package must meet the air
mounted Chip Clmis, whereas Board Two i designed front ftst, as shown in Figure 5.
for surface mounting Chip Carieas and Flat Packs.

5.5.5 Alr may be forced through thre wind tunnel by eiahe
5.3.1 Exanple of package mounting on the boards is blowing frAm one end or by suteion. (Sucton being

shown in Figure 3. Packages should be mounted such that ingfm ai)

the center line of the test boad is coincidental with the

center line of the package. 5.5.6 The test board and the edge connector clamp ae
placed in the wind tunare ashwn in FigureS5. The edge

5.3.2 The longer edge of the package should be closest to d mp h eightu mstb a diused To e
die~~~~~ ~ ~ ~ logeg f9 or.cn eoclamp height must be adjusted to ensure

the lnng edge of the board. positioning of the package in the center of the wind tunnel

5.3.3 Packages mt be mounted such that the standoff 5.6 Themal R e Meawenrent Medods - Methods
height above the bod is as per JEDEC guidelines. in tbe for measuring ReJA (Junction-to-Ambient Thermal
case ofa new package wihcutsuch information available, Resistance) of IC packages using thermal test chips have
a minimum of 5 mil air gap between the bottom surface been described in SEMI G32 and SEMI 038,
of the package and the fthrma] test board is acceptable. respectively. These methad or equivalent methods such

5.4 Mounting the Test Board for Still-Air RwJA as the use of switching techniques, as described in

Measurement MIL-STD-883C, Method 1021.1, should be used for
making thermal resistance measurements of IC packages

5.4.1 The test board should be mounted on a clamp as using thermal test chips or IC devices.
shown in Figure 4 through a suitable edge connector
clamp.

SEMI 042-88 293
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Appendix E: Endnotes

1 Minimally packaged die have bad 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

I I 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 futnished 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 wan-ant 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
(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 Military and Federal Standards'

FED-STD-209 Clean Room and W'orkstation Requirements, Controlled Environments
MIL-STD-883 Microelectror.irs, 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 2

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 Documents4

ANSI Y14.5 Dimensional Standards

2.5 International Standards4
ISO 9000 Series Quality Management Standard

2.6 Other Reference Documents
Relevant 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 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.
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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.

3.2 General Data: The following general data shall be provided for each KGD product type.
3.2.1 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.

3.2.2 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.

3.3 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 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.)

3.3.2 Minimum die horizontal geometries (feature sizes).
3.3.3 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.

3.3.4 Identification of any connections which must be jumpered or skipped (e.g., test
pads).

3.3.5 Type and thickness of backside surface material and surface finish (e.g.,
polished or lapped).

3.3.6 Maximum and minimum allowable die junction operating temperature.
3.3.7 Known physical process limitations (e.g., temperature sensitivity, pressure

sensitivity, uv light sensitivity, etc.).
3.3.8 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).

3.3.9 Final die passivation (top protective layer) material and minimum thickness.
3.3.10 Pad metal composition and minimum and maximum pad metal thickness.

A 3.3.11 Electrical potential of die bottom surface (e.g., floating, Vcc ground), maximum
bias voltage or current.

3.3.12 In high power applications, minimum current carrying requirement for the
user's substrate.
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3.4 Die Electrical Test Data: KGD suppliers shall provide, if applicable, and as negotiated in
contractual agreements, the following specialized electrical test data for each KGF
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.

3.5 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
commercial practice or based upon elemental evaluation per MIL-STD-883, Method
5008.

3.5.1 MIL-I-38535 QML certification or equivalent
3.5.2 Compliance with MIL-STD-883
3.5.3 Compliance with ISO 9000
3.5.4 National Electronic Component Quality (NECQ) Audit
3.5.5 Compliance with JEDEC JC 19C
3.5.6 KGD supplier specific internal quality control methods
3.5.7 Outgoing die product DPM (Defects Per Million) due to all causes. (e.g.,

electrical reference to data sheet, visual and mechanical)
3.5.8 100% electrically tested to supplier and user agreed upon specifications.

3.6 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
data.

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, etc.)
3.6.6 100% stress testing (e.g., bum-in; baking; temperature cycling) as agreed by

supplier-user specification.

3.7 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,
M ,l-H-38534, MIL-I-38535, or any other appropriate military documents, change f
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:
3.7.2.1 Changes to die size, thickness, and size/location of contact pads,

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 Anticipated changes in die reliability, quality or quality assurance

provisions

3.7 3 Minimum 6 Months Advanced Notice: Discontinuation of die type

3.8 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
KGD 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)

3.9 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:

3.9.2.1 Atmosphere: Inert gas (nitrogen) or dry air
3.9.2.2 Temperature range: 65 to 750F
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 container (not cabinets): Inert atmosphere
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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. "

4.1 Suggested die attach material and properties
4.2 Suggested bond wire size and down bonds (pad number and electrical potential)
4.3 Suggested bonding method (e.g., thermocompression, thermosonic, ultrasonic, etc.)
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 wire bonding sequence, quantity of bond wires on power and ground pins,

and stitch-bond (connection) requrements between ground pins
4.7 Suggested lid sealing material and sealing procedure
4.8 Packaged component ESD sensitivity
4.9 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 BadW& Relationship
4.17 dimensional data (for features of top metals and glassification mask layers) in GDS

Stream U1 Format5
4.18 Backside surface roughness
4.19 Environmental conditions and storage duration prior to shipment
4.20 Saw kerf shape
4.21 Unusual die material properties (e.g., SiC backside coatings)
4.22 Moisture resistance data (for nonhermetic applications) based upon accelerated stress

studies (e.g., 85% RH-850C, 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 U 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 DIEP

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 producL 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 Standardsl

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 Standards2

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 Standards 3

JC 19C General Standard for Statistical Process Controls

2.4 American National Standards Institute Documents4

ANSI Y14.5 Dimensional Standards

2.5 International Standards4
ISO 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.20006. /'

4 Available from: American National Standards Institute, 1430 Broadway, New York, NY
10018.
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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,
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.

3.2 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.

3.3 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 centedieAocation) with tolerances and units of measure referenced to die
center line or other feature. (ANSI Std Y14.5 is the preferred format.)

3.3.2 Minimum die horizontal geometries (feature sizes).
3.3.3 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
"pads).

3.3.5 Type and thi of backside surface material and surface finish (e.g.,poished or lapped).

3.3.6 Maximum and minimum allowable die junction operating temperature.
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3.3.7 Known physical process limitations (e.g., temperature sensitivity, pressure
sensitivity, uv light sensitivity, etc.).

3.3.8 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.

3.3.9 Final die passivation (top protective layer) material and minimum thickness.
3.3.10 Bump metal composition, bump volume, and bump height with dimensions and

tolerances and uniformity
3.3.11 Electrical potential of die bottom surface (e.g., floating, Vcc ground), maximum

bias voltage or current.
3.3.12 In high power applications, minimum current carrying requirement for the user

substrate.
3.3.13 Guaranteed die edge smoothness and smoothness tolerance. Specify die edge

perpendicularity, parallelism and taper.
3.3.14 Minimum distance from the most peripheral bump to edge of a diced FC-KGD.
3.3.15 Physical requirements for mating substrate pads (e.g., heat flow capability, or

pull strength).
3.3.16 Identification of polyimide dielectrics or other materials sensitive to plasma

cleaning or bonding conditions and thus affect the attachment process.
3.3.17 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..

3.4 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 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 or KGD data book.

3.5 Quality Assurance Provisions: Under the terms of appropriate contractual agreements,
PC-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 best commercial practice.

3.5.1 MII.-I-38535 QML certification or equivalent
3.5.2 Compliance with MIL-STD-883
3.5.3 Compliance with ISO 9000
3.5.4 National Electronic Component Quality (NECQ) Audit
3.5.5 Compliance with JEDEC JC 19C
3.5.6 FC-KGD supplier specific internal quality control methods, including those

specific to die bumps.
3.5.7 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 (ie., reject vs. cosmetic defect)
shall be provided.

3.5.8 100% electrically tested to supplier and user agreed upon specifications.
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3.6 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
data.

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. bum-in; baking; temperature cycling) as agreed by
supplier-user specification.

3.7 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-I-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 provisions 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

metallizalion.
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 Anticipated 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 required).

3.7.3 Minimum 6 Months Advanced Notice: Discontinuation of die type

3.8 Packing and Shipping: FC-KGD suppliers shall pack and ship FC-KGD product as
follows:

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
lot.
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3.8.3 As a minimum, each shipment of FC-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 FC-KGD to proper corresponding

documentation.
3.8.3.5 Guaranteed speed grade of the FC-KGD (when specified)
3.8.3.6 Quantity of FC-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)
3.8.3.10 Die coatings applied for protection in shipment

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 Atmosphere: 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 Suggested substrate pad size, thickness, and composition Avith dimensions and

tolerances
4.3 Recommended bumped die attach process including heating process (e.g. hot bar,

furnace, 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)

310



4.14 Maximum recommended allowable peak die assembly process temperature/times
4.15 Ti to T Die Bacside Relationship
4.16 Dimensional data (for features -Sf top metals and glassivation mask layers) in GDS

Stream H Format5r 4.17 Backside surface roughness
4.18 Environmental conditions and storage duration prior to shipment
4.19 Saw kerf shape
4.20 Unusual die material properties (e.g., SiC backside coatings)
4.21 Moisture resistance data (for nonhermetic applications) based upon accelerated stress

studies (e.g., 85% RH-850 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
required.

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 Recommended materials, conditions and preparation for substrate bumps mating to die
bumps.

5 GDS Stream II 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'

0. 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.

1. 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.

2. Reference Documents:

2.3 Electronics Industry Association - Joint Electron Device Engineering Council Stai lards 2

JC1 1.4-UO-018 Tape Automated Bonding (TAB) Packaging Family Outline

2.6 OtLer Reference Documents

Supplier Bumped Die Data Sheets/Books

3. Requirements

1 A decision w#s 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 4193. As this document is as yet unavailable to SEMATECH, this document only
"highlights 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.

2 Available from: Electronics Industry Assn, 2001 Eye Street NW, Washington, D.C.
20006.
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3.2 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.

3.3 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 JClA.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.

3.5 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
post-manufacturing die coatings and/or packing containers intended to preserve
die 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. missinglbroken
TAB leads, or improper leadframe contacts). Definitions of criteria identifying a
reject vs. cosmetic defect shall be provided.

3.6 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-

3.7 Change Notification:

3.7.2 Minimum Three Months Advanced Notice:
3.7.2.1 Changes of TAB outline or location/configuration of TAB leads.

3.8 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

Sbe shipped.

4. 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.

I
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