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~The f irs t  two phases of this program saw the desi gn , fabrication and
tooling of six device types , band pass , pulse compression and tapped
delay line SAW fil ters on both lithium niobate and ST-quartz substrates
The third phase involved fabrication of a larger quantity (50 ea. ) of
confirmatory devices which were sampled at a high rate and subjected
to rigorous life and environmental testing. Tne fourth phase of the
program is a pilot line production effort of 1 50 each of the devices
scheduled to be delivered. This report describes the extent to which
Phases III and IV have been met.

Phase III has been successfu Uy co~ tpleted with delivery and accept-
ance of the confirmatory samples. The device configuration is de-
tailed as it exists for Phases Ill and ry along with assembly details ,
processing steps and results and conclusions from the Confirmatory
Sample production run. Several problen~i areas are fully treated and
includ e measures taken during Phase IV to minimize their impact.

Finally, the P11 ot Line process is describe4 step by step in its final
configuration reflecting the experience gained during the f i rs t  three
phases and applied to result in increased yields and reliability and
decreased production costs.

The remainder of the program will be devoted to completir g the Pilot
Line production run and doing a detailed cost analysis for future
needs; to document the process in its entirety and to providing a
Quality Control Manual.
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HUGHES-FUL L ER TON
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Fullerton , Cdl, fuenia

Section 1.0

INTRODUCTION
This report  presents the results  of the Phas.’ III completion ~s we i l

as a preliminary Phase IV effor t  in satisf ying the requirements of a

Manufacturing Methods and Technology Program devoted to a representa-

tive range of surface acoustic wave (SAW ) device designs .

1. 1 PROGRAM OBJEC TIVES
Production engineering measures are to be established by Hughes

for Surface Acoustic Wave Devices. Under these measures Hughes is to

establish or improve the producibility of specified devices by mass pro-

duction techniques and with mass production facilities; establish a quality

control system and take such actions as are necessary to reduce the time

required for delivery of the contracted items that will be required in

large quantity production for current  planning and in the event of an

emergency.
The objective of this program is to establish a production capability

for the purpose of meeting estim ated military needs for a period of two

years  after  completion of the contract , and to establish a base and p lans

which may be used to meet expanded requirements.

Reports and other information procured under this requirement

will be used for industrial mobilization and preparedness planning, to

provide a basis for determining wh ether or not mili tary requirements

can be accomplished , to determine what additional planning measures are

required and when necessary to assist  in establishing additional sources.

1.2 PROGRAM PLAN

The program has been divided into four phases. The first addresses

the desi gn , fabrication and analytical testing of six prototype SAW devices

that are representative of the current  and potential app lication of the

technology. While these device requirements do not represent the state-

o f - t he - a r t  in an R&D sense , they are of such complexity as to require

a seriou s desi gn effor t  in each case.

The second phase is to be utilized in the redesign of those devices

that have failed the intended desi gn specification. The net result of this

1— 1
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effort  will be a funLtion al  ~ I t ~ i~~~i sp eci fi ca tion adherence based on a cos t
effective packaging commitment.

The third phase will test and confirm both the electrical and en-
vironmental commitment of the various devices to the specif icat ion. The
final phase will test the reproducibility of those predetermined electr ical
and environmental requirements in a high volume production environment.
A key result of this phase will b 5. the establishment of meaning ful manu-
facturing cost data on each device as well ds a comparison of this data to
the prior low volume efforts of the earlier phases .

1. 3 PROG RAM ACCOMPLISHMENTS DURING THIS RE PORTIN G PERIOD
Phase III confirmatory sample fabrication is complete. These de-

vices (50 each of six different types) have been sul.. , ected at high sampling
rates to rigorous testing according to MIL-STDs c died out in SCS476.
The devices successfull y passed the imposed conditions and have been
delivered. After go-ahead was received , pilot line production began on
Phase IV devices. This production effort , though sporadic due to sched-
uling, has progressed smoothly due to the valuable experience gained
in earlier phases of the program. Phase IV device fabrication is about
50% complete with device deliveries scheduled for the end of November 1977 .

1-2
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SectIon 2. 0

MMT DEVICE CONFIGURATION

2.1 DEVICE DESCRIPTION

The six devices to be designed and manufactured during this program
are of three different classes on two different substrate materials. The

classes of devices are bandpass filters, pulse compression filters and
tapped delay lines. The substrate materials are ST quartz and Y~~
lithium niobate (L1NbO

3
). (The terms ST and Y-~ denote crystallographic

orientation. ) The individual SAW devices are further identified in tables
2.1—1 , 1.1—2 and 2.1-3.

TABLE 2.1-1. MMT SAW DEVICE DESCRIPTION DATA
— 

Substrate Center Package
Designation Device Class Material Freg. Marking

BP-Q Linear Phase Bandpass ST-Qtz. 100 MHz B-Q-l0-02
Filter

BP-LN Linear Phase Bandpass LiNbO3 150 MHz B-L-l5-30
Filte r

PC-Q Linear FM Pulse Compres- ST-Qtz. 150 MH~ C-Q-lS-~ 0s ion Filter
PC-LN Linear FM Pulse Compres- LiNbO3 150 MH~ C-L-15-50

sion Filter
TDL-100 Biphase Coded Tapped Delay ST-Qtz. 100 MH: T-Q-1O-l0

Line Filter

TDL-200 Biphase Coded Tapped Delay ST-Qtz. 200 MH~ T-Q-20-10
Line Filter

TABLE 2.1-2. SUBSTRATE WAFER, MATERIA L AND SIZE

Material Size Orientation

ST Quartz 2” x 2” x .025” ± 00 15~
Y~ LiNbO3 2.1” x 1.75” x .020” ± 00 15’ 

-
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TABLE 2. 1-3 . INDIVIDUAL DIE , MATERIA L, S I Z E ,
ARRA Y SIZE , D I E/ W A F E R

Designation Substrate Size Array Size Die /Wafer

BP-Q ST Qtz. . 586” x . 172” 3 x 11 33

BP-LN LiNbO3 . 500” x .200” 4 x 8 32

PC-Q Quartz .800” x .200” 2 x 10 20

PC -LN LiNbO3 . 650” x . 115” 3 x 1 5 45

TDL-100 Quartz 2.0” x .220” 1 x 9 9

TDL-200 Quartz 2.0 x .155” 1 x 12 12

These devices have been constructed and tested both electrically

and environmentally and conform to those specifications called out in SCS-
476, Electronic Command ’s Technical Requirements, Appendix I.

2.2 ASSEMBLY DETAILS

Photolithographic mask arrays of the transducer geometries de-

signed during the engineering phases were procured for batch processing

the piezoelectric SAW substrates. Tables 2.1-2 and 2 . 1-3 show the

dimensions of the substrates , die and ar ray  sizes.

Once the transducer arrays are photolithographically defined on

these substrates , the substrates are diced. The individual die is

mounted with attendant tuning circuitry into a hermetic type package ,

interconnected, te8ted and sealed for delivery. The individual MMT

device layout is shown in Figure 2 .2-1 . The schematic representation is

shown in Figure 2 .2-2 .  The BP-Q , BP-LN and PC -Q all have series

tuning inductors input and output. The PC-LN has no inductors. The

TDL-100 and TDL-200 have inductors on the input only.

Included as an integral part of the transducer pattern is either a

series or a shunt resistor. The resistors modify the real portion of

the input impedance to meet the VSWR specification. Taking advantage

of the electrical properties of the thin film metalizat ion composing the

t ransducer , the same film can be used for these resistors. All devices

utilize a tapped res istor as shown in Figure 2. 2-3A where if tap a or

taps a and b are  scribed successively, hig her values of R can be obtained

than if the taps are left unscribed. Figure 2. 2~ 3B shows the shunt resistor

2-2
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configuration used on the PC -LN .
The toroids (nominal value of . 1 to 1 uh)  a re  soldered o f tc package

pins while interconnection between the SAW crysta l  and the pins is made

with the rmo-compression bonded 1 mil diameter gold wire. Both toroid and

crystal are held in place inside the package with silicone adhesive. The

package lid is sealed to the base with solder (Sn 60/P640) to provide her-

met icity.

-a
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0 0 0 00 0 0 0 0 00 0  0 0 0 0 0 0 0 00 0 0 0

1, 6: 1
BP-Q BP-LN

0 0 0 0  0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0

L6:1 1.6 1
PC-Q PC-LN

0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0

~~~~~~~~~~~~~~~~~~~~~~~~o 0 0 0  0 0 0 0 0 00

TDL-100 
L25:1

0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0

~111I lIIIII ~~~~~~~~~~~~~~~~~~~~~~
0 0 0 0  0 0 0 0 0 • .

TDL-200 L 2 5 1

Figure 2.2-1. MMT SAW Device Configuration
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BP Q. BP-LN PC-Q

SAW CRYSTAL ~~ OUT

_ _ _  

PC-LN 

_ _ _ _

I SAW CRYSTAL
I N OUT

TDL- 1 00, TDL..200

IN 
L1 SAW CRYSTAL 

________________________ OUT

~~~~~~~~~~~~~~~~~~~ 
i ti t i t i l  

~

Figure 2.2-2. MMT SAW Device Schematic Representation
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A
BP.Q, BP-LN , PC•Q, PC.LN , TDL-100, TDC-200

TAPPED SERIES RESISTOR (THIN METAL FILM)

I 
ij l 1

______ 

a. 6.

ii ii’ 1 1 1 1 1 1  l i I I i I I i 1~Ii1i

B
PC-LN

SHUNT RESISTOR (THIN METAL FILM)

_ _ _  

H

Figure 2.2-3. Resistor Detail

2-6

_ . . _ .-  — .  .- -  - - - .  ~~~--- . — .  .-- . —-- . _- _ .-_- —_- - -~~~~



I

SECTION 3.0
CONFIRMATORY SAMPLE PRODUC TION RESULTS 



HUGHES FUL L ER TON
Hughes Aircraft Company

Fullerton , California

Section 3.0

CONFIRMATORY SAMPLE PRODUCTION RESULTS

3.1 PROBLEM AREAS

Several problem areas connected with SAW device manufacture have

been encountered thus far in the program. Investigations were conducted

to correct each problem as it was identified. The following summarizes

some of the results and observations.

3.1.1 Package Size

Package size has been a continuing problem throughout this program.

A brief examination of the device layout as shown in Figure 2.2-1 reveals

that much of the area within the package goes unused. Because the area

being used tends to be long and narrow , it usually lies along one side of
the package. The problem occurs when providing interconnects between

the package pins and the bonding pads on the farthest side of the crystal.

As a general rul e these distances far exceed the 0. 1 inch maximum length
observed elsewhere within the semiconductor and hybrid industry. How-

ever , we may conclude as a result of the extensive testing during Phase

III that the only impact of the excessive lead length is difficulty in pro-

cessing. The excessive lengths may add to feedthru levels , but since

feedthru is well within the specification limits (50 dB down), the actual

contribution is unknown. This length was not identified as a f a ilu re  mode

during any of the life , environmental or electrical  te sts of Phase III .
An obviou s alternative to using the present packages would be to

use a narrower package. A cursory investigation at the beg inning of the

program indicated that none were available without special tooling. The

tooling costs would be p rohibitive for small quantity production runs (less

than a thousand ) and since the overall impact was minimal it  was felt that

use of available packages would serve the purposes of this program.  How-

eve r , packages of a more optimum size and pin configuration are  recom-

mended for use in SAW app lications. An example of how such a package

may be configured is offered in Figure 3. 1. 1-1. It shows packages of

about the same leng th as those used in the MMT , but much narrower to

allow the use of pins on both sides of the device.

.
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A. BP.LN — CRYSTAL SIZE — 0.200” X 0.500”
TOROID SIZE — 0.200” 0.0.
PACKAGE SIZE — 0.400” K 1.00”

~III~ 
~J l H tll T ll ll hlllll H l ~~~~~~~~~~~~~~

2.5: 1

B. TDL.I00 — CRYSTAL SIZE — 0.220” X 2.0”
TOROID SIZE 0.200” 0.0.
PACKAGE SIZE — 0.500” K 2.40”

Figure 3.1.1-1. Proposed SAW Platform Packages of More Optimum Size and More Convenient Pin
Configuration

3-2 

~~~~~--...



--. - ,

~~~~~~~~~~~~~

HUGHES FULLERTON
Hughes Aircraft Company

Fullerton, California

3.1.2 Interconnection

Interconnection between the d i sc re t e  toroid and the thin film SAW
die posed a problem early in the program. Since these devices are elec-
trically connected in a ser ies  there must  be an in ter face  somewhere be-
tween the #32 copper magnet wire of the toroid and the .001” gold wire
connected to the SAW bonding pads. (Elaborate schemes of fabricating
alumina chips with both solder and bonding pad s and then attaching them
as required showed promise of solving the problem , but at some expense
and considerable labor.) The approach used was to take an existing unused

package pin (of which there is usually an abundance in SAW applications)
and use it as a stand off attaching both wires d i rec t l y to it. The magnet
wire is soldered and the gold wire is stitch bonded . The problem here is
that if dur ing the soldering operation the top of the pin gets covered with
solder then this portion of the pin can not be thermocompression bonded.
The solder cannot come in contact with the thermocompression bonded
gold wire because of the well documented phenomenon of the gold wire
alloying with the solder with resultant embrittlement and breakage.

With the use of a t empera ture  controlled soldering iron and the
prope r ti p, a technique was developed to solder the wire  to the pin while
onl y wetting the sides of the p in leaving the gold on the top of the pin for

bonding. With relat ively little training this operation has become one not
onl y of hi gh throughput , but of hi gh y ield as we ll.

3. 1.3  Photolithography

Because of the small quantities involved in Phases I and II some of

the transition between R&D and production held over into Phase III . Small
quantities allow plenty of time for specialized attention to individual de-
vices , and labor and yield are not so critical.  Batch processing large
quantities soon reveals weak points . Process flow must be smooth and

unintc -rrupted. Device to device d i f ferences  of any magnitude cannot be

tolerated. The step by step procedures of fabricating these devices will
be diecussed in detai l  in a late r section (Processing Equipment and

Tooling) . It is important to note here , howeve r , the general approach or

philosop hy used in develop ing these processes was to keep the processes
as simple as possible . In doing this , they are easier to understand and

implement where  unnecessary  yield impacting steps a re  eliminated.

3-3



3. 1 • 4 LleCt rL .’a~ st 1~~~

In manufac tur ing  a sur face  acoustic wave , many d i f f e r e n t parameters
must be taken into account. The specif ied e lec t r ica l  pe r fo rmanc . ’ de ter-
mines how exacting the process ing and test ing must  be . The e lec t r ica l
specifications on the MMT devices , as called out in SCS476 , were  ver i f i ed
during the eng ineering phases of the program. Most  of the possible
electrical parameters associated with SAW dev ices  were  specif ied such as
cente r frequency,  bandwidth , delay time , time bandwidth product , inser-
tion loss , sidelobe suppression , feedthru suppression , spu riou s signal
level and VSWR. Limits were set to allow some variations from device to
device and desi gns were finalized such that each device should ope rate
around the cente r of these limits.

In actuality there are many things other than design items that can

affect  device performance.  Theory sets the fi gures while reality tends to
change them. The processing and assembly details that had to be closely

controlled and sometimes corrected for were as follows:
3. 1 .4. 1 Transducer metalization thickness. A compute r controller was

incorporated into the evaporator setup to insure consistency fr om run to
run. Variations in metal thickness were found to affect several electrical

parameters such as insertion loss, cente r frequency and time delay. Since

no two runs will be exactly identical the amount of allowable variation had

to be determined so that effective processes could be established .

3. 1 . 4. 2 Transducer metalization resistivity. This parameter primarily
affects  insert ion loss since the resist ive component of the transducer de-
termines the percentage of applied electrical power that is available to be

transformed into acoustic energy. Early in the program a few basic as-

sumptions were made that at the time seemed safe . That is , the resistivity
of thin film electron beam evaporated aluminum is essentially a function of
its thickness. The evaporator system in the R&D facil i ty that was used to
fabricate the f i r s t  two sets of eng ineering samples was full y characte r ized

as to metal thickness versus resistivity and this data was incorporated into
the device desi gns . When the confirmatory sample s were fabricated on a
newly established pilot line in another building the devices were found to
perform substantially d i f ferent ly. This dif ference was traced to the fact
that all e-beam aluminum is not the same and that the new evaporator was
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produc ing lower resistivity mater ial . This is shown g r a phical l y in
Figure 3.2 .4. 2- 1 . The metal th ickness  and in ser t ion loss relat ionship

are shown in Figure 3. 1. 4. 2-2 .  Fo r tuna t e l y, the changes  in d e v i c e

operating character is t ics  were not severe enoug h to make  them ~ u l of

specification. However , they no longer operated at the center of the
specification limits and as a result  the yields on certain devices  a re

lower than expected for Phases III and IV.
In conclusion, since both metal thickness and resistivity play an in-

teracting part in device performance, they should be fully characterized

as a function of production equipment prior to device design.

3. 1.4. 3 Toroid Orientation and Attachment. The MMT devices assembled

with toroids require tuning prior  to pre-seal  testing. This amounts to
squeezing or spreading the turns of the toroid to vary its inductance.

Once tuned in this fashion the toroid is attached to the package base with

silicone adhesive. It was noted during Phase III, especially with the

BP-Q devices, that when the adhesive was dispensed throug h the center

of the toroid so as to flow between the toroid and package base and filled

the hole in the center, upon curing, the tuning would change due to

changing dielectric properties of the adhesive and the parts would not

meet the VSWR requirement. This situation was corrected by mini-

mizing the quantity of adhesive used and not f i l l ing  the hole in the cente r

of the toroid . If a particular desi gn is especially sensitive to sli ght

dr i f t s in tuning, then allowances should be made for these dr i f t s  during

tuning.

A second problem arises as a result  of tuning when , dur i ng sub-

sequent testing, it is noted that feedthroug h levels from one device to

another are erratic , some within spec and some well outside. After

considerable efforts  to improve package grounding,  which was the sus-

pected cause , it was discovered that the pr imary contr ibutor  to the feed -

through was the orientation of the toroids (refe r to Fi gure 3.1 . 4. 3- 1) .

Minimum inductance is achieved when the turns  on the toroids a re  ra ther

close together as shown. Now the electromagnetic coup ling (feedthrough)

between the two increases according to the angula r  position of an imag i-

nary center  of the wire mass. By rotating one or both of the toroids a

few degrees the feedth roug h can be drastic~ lly reduced , usually to within
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spec. It is important to recheck tuning for  VSW R at th i s  po s it to make
sure the turns have not inadvertently been spaced resulting in a d i f ferent
inductance.

3.1 .4. 4 Grounding. If the packaged SAW device is operated in a fixture

that does not provide adequate ground to the package itself then feed -

through levels may be excessive. It has been observed that adequate de-
vice grounding cannot be achieved b y grounding pins alone. The fixture
that is to hold the device either during test or in an end product should
includ e a ground plane beneath the package with a conductive medium

such as silver loaded rubber or RFI gasketing c onnecting It to the

package.

During the MMT progfam it was noted that after repeated use

(many hundreds of insertion cycles) in the test  f ixture the conductive

rubber (chomerics , Cho-Seal 12-12) would gradually become less con-
ductive and more and mor e p re s su re  was required to provide adequate

grounding and meet the feedthrough requirement. Replacing the rubber

solved the problem.

3.1 .5 Substrate Dicing

Though substrate dicing in the semiconductor industry is well

established , there remained much to be done to get SAW substrate dicing

to the same point. Silicon wafers  lend themselves well to the scribe

and break technique; Quartz and lithium niobate, on the other hand, do not.
Quartz does not necessarily break along a scribe line even if it is cut
substantially through the wafer .  Lithium niobate cleaves so easily in

other directions that even if it too is cut nearly through , it wants to
break in other directions. It was decided to dice both materials by cutting

all the way through the wafer .

For dicing the wafers were mounted on glass plates which in turn

were held by vacuum to the chuck of the dicing saw. The lithium niobate
wafers offer little problem if they are mounted with d ouble sided tape

which after dicing can be peeled off rather easily. Quartz was a different

matter. The tape method will not hold quartz securely,  part way

through dicing the wafe r loosens , and violently ejects from the stage
destroying most of the devices and at times damag ing the blade. Optical
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m ounting pitch offered the required adhesion and, though it is tim e

consuming and messy to implement, this is the method we have used.

Because quartz is, by nature, a difficult material to cut, the dicing

process is rather slow. It has been developed to the point of being high

yield in spite of this. Earlier difficulties with the dicing saw not being

able to cut quartz have been solved with a blade substitution and a saw

modification as reported earlier .
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Section 4. 0

PROCESSES
Presented in this section are the processes, step by step, from in-

coming materials to sealed devices ready for delivery. Refer to
Figure 4. 0-1 where the process flow, inc luding possible rework cycles
is shown. Each step will be described in detail. There are two sections,
one on die fabrication and one on device assembly.

4.1 DIE FABRICATION

4. 1. 1 Crystal Material Inspection
The crystals are observed with a microscope at 30 to 70X. The

surface is scanned and imperfections , such as scratches, pits, residual
patterns from previous processing, edge defects and other irregularities
are noted. If a crystal is deemed suitable for processing, it is sent
forward to the next operation.

Equipment and Material Required.

Equi pment
Microscope , B & L  Stereozoorn , 30 to 70X or equivalent.
Material

Crysta l substrate , of the material  required , cut and polished.

4.1 .2 Crystal Cleaning

The SAW substrates should be cleaned by using individual or a com-
bination of the following procedures:

1. Detergent Cleaning. A detergent such as Turco Sudz is
mixed with deionized water (1:20 by volume). Holding the sub-
strate with tweezers , use a foam swab and scrub the substrate
with detergent. Rinse with deionized water and blow dry with N2.
2. Solvent Cleaning. Immerse substrate in a solvent such as
acetoi~~un~ 1 it is visibly clear of forei gn material. Scrub if neces-
sary. Remove the substrate from the solvent and water rinse.
Blow dry.
3. Acid Cleaning. Chromic acid is prepared ( l O g Cr0, 10 ml H2 ) ,
700 ml H 2S04 ) and the substrate is lowered into the acid with an
acid resistant device for 5 to 20 minutes as necessary. Rinse in

deionized water, Blow dry.

• 4-1
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Equipment and Mater ial  Required.
Equipment

1. Sink with D. I. water and appropriate glassware.

Material

1. Chromium oxide , Cr0 3
2. Sulfuric ac id, H2S04
3. Detergent

4. Acetone, reag ent grad e

5. D.I, water

4. 1 • 3 Metalization

Cleaned substrates are metallized in an evacuated chamber with

an e-beam heated source. The vacuum system is pumped to 5 x lO
_6

torr prior to the actual evaporation. The evaporation parameters are
programmed into the controller to minimize chance for operator error
and to insure material uniformity from run to run.

Equipment and Material Required.
Equipment
1. Vacuum system (VE-400 or equivalent).
2. High voltage power supply (CVC Mod. LCO3 1 or similar).
3. Electron beam equi pment (Airco Temescal - STIH 270-ZM ,

gun and CV-8 , power supp ly or equivalent).
4. Evaporation controlle r (In ficon XMS-3 or equivalent).
Material
1. High purity aluminum (99. 99% mm .)

4. 1,4 Photoresist Application

The SAW substrate is placed on the spinner and the surface flooded
with an adequate amount of photoresist material. The vacuum is app lied
to the vacuum chuck and the spinner is activated. When the spinner stops,
the vacuum is turned off and the wafer is removed and baked at 1 00°C

for 20 minutes .

Equipment and Material Required.

Equipment

1. Photoresist spinner (Solid State Equipment Model 103 or
equivalent) .

4-3



2. N 2 blow gun.

Materials

1. Photoresist (AZ1 350B or equivalent as specified 1 y P r o ce s s

Engineer)

2. Vacuum 20 or better.

3. N 2

4. 1 • 5 Pattern Exposure

Pattern exposure requires use of proced u res and equi pment whi ’

will selectively expose a photoresis t  coated substrate so as to prei~ sely

duplicate the patte rn on the photorriask.

Depending upon the equ ipment available the exposure process  may

vary. Essent ial ly, the exposure system is equi pped with a high i n t e n s i t y

mercury  U . V. li ght source , a shutter and t imer and some mechan ism to

hold the resis t  coated substrate in close contact with the photomask . Th i s

mechanism will have all adjustments  and controls to accurately pos i t ion

the substrate  to the pattern on the mask. With the alignment and contact

requirement  satisf ied the exposure is mad e by opening the shutter f or  a

f ixe d period of time. Exposure ttmes for  the MMT devices generally

were 4 to 5 second s depending upon the cond i tion of the lamp (ag ing

effects) .
Equipment and Material  Required.

E~ uipmen t

1. Ali gnment machine (Kasper 1800 or equivalent) .

2. Photomask (as specif ied) .

3. N 2 blow gun.

Material

1. ,....60 PSI regulated N 2 or air.

2. l5 -2 0  PSI regulated N 2.
3. Vacuum 21” or better.

4.1.6 Photoresist Development

Exposed substrates are immersed in a developer solution (1:1 , AZ

developer:D. I. water) until visual indications show development is corn-

plete (usually ..~Z0 Sec.). Variations in lamp intensity , exposure time,
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developer concentration and temperature will cause the development time

to vary somewhat. This does not compromise device quality. In fact,

ability to vary development time is an aid in that it will compensate for

other factors influencing the process. The operator can quickly gain the

expertise necessary to properly develop photoresist. The substrates are
then rinsed in D. I. water and blown dry .

Equipment and Material Required.

Equipment

1. Petri dishes or other suitable container for chemical solu-

tions.

2. Photoresist spinner.

3. N
2 
blow gun.

4. Sink.
5. Tweezers

Material

1. D. I. water
2. Developer solution (AZ Developer or as specified )

4.1.7 Etch

After a thin film coated substrate has had a photoresist pattern

defined on it , the pattern must be etched into the thin film thus forming

the actual circuit pattern in the thin film metal. This is done by im-

mersing the substrate in an etch solution , removing when etch is com-

plete , rinsing with D. I. water , and blow dry ing with N 2.
Equipment and Material Required.

Equipment

1. Petri dishes or other suitable containers for chemical
solutions.

2. N2 blow gun.

3. Sink
4. Tweezers
Material

1. D.I. water.

2. Etch solution

3. N 2

4-5
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4. 1 . 8 Optical’ Inspection

Once the transducer struc tures arc defined in the thin film aluminum

they must be optically inspected at 250X to identify. A map of good

and bad dies on the substrate  is prepared.  Subsequ en t mark ing  iden t i f ies

those die to be culled out afte r d ic ing .  if at this time a w a i i r v~e]ds too

few good die (c?5~~
) then the metal is stripped off and th~ sul , -t  ra te reused .

A good SAW d ie  should meet these  general  r equ i rements .

1. There shall he no opens or shorts  in the electrode f i n g & ’ r s

beyond that  allowed for the par t icu la r  device .

2. There must  not be any contamination such as pho to resi s t ,

fi ng er  p r i n t s , d i r t , etc.

3. The pat tern shall be parallel  with the long axis of the crys tal

to the extent it  can be determined with the unaided eye.

4. The pat tern shall be centered between the ends of the c rystal ,

unless otherwise indicated on the  eng ineer ing  d rawing.

Equipment and Material Required

Equipment

1. Microscope (ZSOX) with incident and transmitted light.

2. Tweezers.

Material

1. Finger cots.

2. Process follower sheet.

4.1.9 Mark Die

The SAW substrate being roug h lapped on the back surface enables

the individual die to be easily marked with a graphite pencil . The g r ap hite

imbeds in the roughed surface and is not removed during 
subsequent clean-

ing. Thi s marking is visible afte r the die is mounted because the 
substrate

material is transparent.

Equipment and Material Required.

Equipment

1. Graphite pencil.

4-6

— --- —-  - - -  -~~~~~~~~ - “~~~~~~~~~~~~~ -
- - -

~~~
- - -

~~
-- - ——~~~~

- - - —
~~~~~~

“-



______ -~~

HUGHES.F(j L L ER TON
Hughes Aircraft Company

Fullerton , California

4. 1.10 Protective Coating

The completely processed and inspected wafer  is prepared for dicing
simp ly by providing a photoresist  (AZ13 SO-T)  protect ive coating ove r the
substrate surface , Covering and protecting the t ransducer  s t ructures .
Their coating is app lied as in step 4. 1. 1 Phot oresist  App lication , using the
same equipment and material.

4.1.11 Substrate Dicing
A dicing saw is used to cut processed wafers with multiple circuit

patterns to yield individual die of a single circuit pattern. The quartz
substrates are mounted to a g lass plate for dicing by heating the glass
plate , app ly ing optical pitch to the top surface and placing the substrate
(pattern sid e up) on top of the pitch . The excess pitch flows out from
between the plate and the substrate and the assembly is left to cool. The
glass plate is then held in the saw by vacuum and the substrate is diced.
Once diced the die are removed from the glass plate by again app ly ing
heat. The LiNbO 3 wafers  are held to the g lass plate with double backed
paper tape and when dicing is complete the die are easily peeled off and
cleaned in acetone.

Equipment and Material Required.

Equipment

1. Dicing saw (Electroglas Model 106 or suitable substitute).

2. N2 blow gun.

3. Sink.

4. Photoresist spinner.

5. Hotplate.
6. Petri dishes or other suitable containers for chemical

solutions.

7. Tweezers.
8. Ultrasonic cleaner.

Material
1. D. I. water.

2. N 2
3. Facilities as required for equipment hooku p and called out in

equipment manual.
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4. Optical mounting pitc h.

5. Doub le backed paper tape .

6. Detergent  (Turco Sudz or equivalent)

7. Acetone - reagent grade or better.
8. Lubricant (Kerfa id  101 , 102 , or equivalent

9. Photoresist AZ 1 350J or equivalent.

4.1. 12 Clean Die
The die are cleaned in acetone to remove both the mounting pitch

and the protective photoresis t  coating. Additional cleaning is performed

as required as in step 4. 1.2 , using the same equiprient and material.

4.2  SAW DE VICE ASSEMBLY

4. 2. 1 Toroid Atta chment

When SAW devices are to be packaged with internal tuning,  the

tuning elements must be interconnected in a manner that is compatible

with subsequent thermo-compression bonding.

The toroid lead s (#32 AWG) are wrapped around and soldered to

the appropriate platform package pins in such a way that a good solder

joint is formed between the wire and the pin without covering the top

of the pin with solder. The key function here is careful application of

the right amount of heat to the wire so the solder does not wick up the

pin.

Equipment and Material Required.

Equipment

1. Low power microscope 30 to 70X

2. Temperature controlled soldering iron.

3. Tweezers.

4. Wire cutters.

Materials

1. Platform package (as specified )

2. Toroids (as specified)

3. Rosin core solder (SN 60/Pb 40, 63/37 or as specified).
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4. 2. 2 Ground At t achmen t

Electrical components may be soldered by hand onto the pa.-k ai~e
base for adequate grounding. Precautions should be taken to enso~ e
proper solder flow be t ween the component or wire and the package base
to prevent cold solder joints .

Equipment and Material Required.
Equi pment

1. Microscope 7x to 30x magnification

2. Microscope light

3. Soldering iron

4. Tweezers
Material

1. Solder - QQ-S-571, Type W-RMA_P2 or P3, composition
SN 60, SN 63 or SN 96.

2. Solder Flux Allro s 100 , Type R or Kester  197 , Type RMA
per MIL-F-l4236 or equivalent.

NOTE: The color of the solder can range from a dull gray to
a bri ght shiny silver color . A grainy appearance indicates
gold in the solder and is not cause for r eject ion.

There shall be no cr acks  or separations visible between the
element solder join ts and the substrate.

Solder connections must be f ree  of flux residue.
Solder shall  not extend into the passive (insulating) substrate

a reas  such that the spacing between adjacent conductors is reduced
by more than 75~~. It shall not extend above the element to the
extent that it in te r fe res  with package sealing.

4. 2. 3 Package Cleaning

After  the d iscre te  components are  attached to the package header
and prior to attaching the SAW crystal , the package should be cleaned
to remove flu x residues and other contamination from previous processing.
Packages are immersed in isopropy l alcohol and ultrasonically agitated for
five minutes, removed to a clean alcohol rinse and blown dry.

L 
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Equipmen t and M a t er i a l  Rec~u r d .

Equipment

1. Necessary  beakers  and ro nta iner~~.

2. Ultrasonic cleane r

3. Tweeze r s

4. N blow gun

Material

- 1. Isopropy l alcoh ol

2. N2

4.2.4 Crystal Attachment

The SAW die is to be mounted to a package or a substrate in such a

way as to provide minimal mechanical stress to the crystal and to

absorb excess acoustic energy at the end s of the crystal.

Silicone rubber adhesive (Dow Corning 3140) is used for SAW die

attach because it isolates the SAW crystal from strain induced by

thermal expansion of the package during temperature excursions . The

same material also lends itself well as an acoustic absorber and is used

to coat the end s of the crystal  to absorb this excess acoustic energy.

A d ispenser  for  this mater ia l  has been designed and built such that

an exact amount of adhesive used can reproducibly be very accura t ely

dispensed.

Equipment and Material Require.~~
Equipment

1. Dispenser (Hughes RTV dispenser or equivalent) .

2. Tweezers

3. Syringe

Material

1. Dow Corning 3140 or equivalent.

4.2.5 Wire Bond

The SAW crysta l  is electrically connected to the package pins via

thermo_ cOrnPr essiofl  bonded . 001 ’ dia. gold wire. To avoid the necessity

of using stage heat and subjecting the package to extreme temperatures

and thermal shock a pulsed tip bonder is used. A ball bond is formed
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on each of  the four (4) t ransducer  bonding pads and stitched over to the
appropriate package pin as shown in Figure 2 . 2- 1.

Equipment and Material Req~iired.

Equipment

1. Bonder - Hughes HPB-360 or equivalent.

2. Tweezers
Material

- 1. Gold wire , .001 11 dia. , 8- 12% elongation factor.

4. 2. 6 Electrical Tuning —

After -a SAW device containing tunable elements has been assembled,
it muet go through a tuning procedure to adjust the electrical value of
these elements. This is a dynamic adjustment performed under operating
conditions to insure optimum device performance.

The toroid turns are moved either closer, together or farther apart
to achieve the correct  valu e of inductance. Once the inductance is set
the toroid body is attached to the package base with silicone adhesive.
A moderate amount of adhesive is applied between the outside edge of
the toroid and the package base to minimize its effect on the tuning.

If there is a resistor element as part of the thin film circuit and it
has taps for adjustment, then these taps may be scribed open to increase
the resistor value. This is a one way operation and should be done only

as req uired. Lower values of resistance cannot be restored in present
designs.

Equipment and Materials Required.

Equipment

1. Low power microscope 30 to 70X
2. Tweezers
3. Hand scribe

4. Electrical test equipment (as specified in Confirmatory Sample
Test Report)

Material

1. Silicone adhesive (Dow Corning 3140 or equivalent)

4-il
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4. 2. 7 Electr ical  Test
The assembled SAW device is tested prior  to sea l ing  to i n s u r e  that

it meets all electr ical  para meters .  The test is descr ibed in detai l  in the
Confirmatory Samp le Test Report .

4.2 . 8 Q. C. Precap Inspec ti on

A fully assembled , properl y fun c t ion ing  SAW device is subjec ted to
Q. C. -visual inspection to check for conformity to desi gn and to MIL-STD-
883. Any nonconformity is corrected pr ior  to package seal ing.

Generally the following cr i ter ia  are  app lied , howeve r , more detail
is included in MIL-STD-883.

The package must be f ree  of all loose fore i gn conduc tive mate r ial
prior to sealing.

Wire  bonds shall not have tails exceeding 3 mils nor shall they
extend more than 50 percent  into any insulating area.

Strapping or welds must  be at least 50% within the pad to
which they are attached.

The package shafl  contain no broken , ki nked or twisted lead s.
Packed lead s shall have a minimum of 90 percent gold p lating
coverage. Cutoffs  on the lead ends shall not be inc luded .

Conductor and resis tor  lines shall not be reduced by more than
50 percent of the desi gn width by scratches , peeling voids ,
crac ks , etc. , which reveal bare substrate material.

The substrate shall be free of cracks.

Substrates shall be free of contamination which is detrimental
to the circuit operat ion . Loose particles capable of being re-
moved shall be blown off the substrate with a jet of nitrogen.

Residual unetched material  on substrates shall not be cause
for rejection provided that on conductors , there is a minimum
of 0.025 mm ( 0 . 0 0 1 ’)  isolation between active elements.

Residual unetched material on res is tors  shall not be cause
for rejection provided that  the r es is tor  remains within the un-
trimmed desi gn limits.

If forei gn part icles a r e  loose they shall  be rem oved by a cent le
jet of n it rogen only.
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Residua l  ph o tor e si s t  / 1 the 5 L ~ H - a c e of the d i e  is  n ot  a c ccp t a o l e .

Wires from dice t( s u b s t r a t e  s h a l l  not con t a c t  ed ge of dice.

Nicks in wires shall not r ed u ce  e ro ss  — s e c t i o n  f wire to
less than 75 pe rcent of its o r i c i n a l  v a lu e .

Burn marks on substrate or header are acceptable provided that
all loose carbonized material around the burn area is removed
and the burn does not cause resistors , conductors or devices

- 
to change beyond their  normal specif icat ion limits .

There shall be no loose , o r unattached tai ls  left on the subs t r a t e
afte r welding or wire bonding.

Equi pment Required.

Equipment

1. Microscope and light, 30 to 70X ma g n i f i c a t i o n .

4. 2. 9 Symbolization (Marking of Microelectronic De V i C CS~
The hybrid circuits should be marked by an offset printer in such

a fashion as to be clearly legible and permanent.

Equipment and Material Required.

Equi pment

1 . P r in te r , Markem Model 1 300 , or equi valent.

2. Aluminum tray.

3. Rr u sh , acid .

4. Tweezers.

5. Oven, Precision Scientific , capable of I ~0°C, max., or

equivalent.

t ) • Sealed SAW devices .

Material

1. Markem specialty ink , black , 7224 , FRS , per 760707.

2. Markem cleaner , 320.

4.2.10 Solder Seal

The packages are sealed in an inert  nitrogen atmosphere  with a

maximum moisture of 20 ppm. The lid s are soldered onto the headers

by hand . They must be free from cracks , p inholes , ex c essive bu lges

or cavities and must  have a continuous f i l let  of solder. They must  pass

fine and gross leak tests.

4- 13
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Equi pment and M a t e r i a l

Equi pment

1. Dry box , n i t r o gen  atmosp here  equi pped with  vacuum .
2 . So ld e r i ng  i r o n , A m e r i c an  Beauty ,  or equivalent .
3. Solding i r o n , U ngar , 50 wat t  t i p, or equivalent .
4. Holding fix ture ( t inning)

5. Holding fix ture (seal ing) .
- 6. Tweezer s .

7. Aluminum t rays.
Ma te r i a l
1. Solder - QQ-S-571 , Composition-Sn 63 , or Composition-

Sn 96 . Solid core solder  shall  be used.

2. SAW c i rcu i t s  that have passed p r e -c a p  inspection.
3. Package lid.

4.2. 11 Fine and Gr’~ss Lea k Tes t s

The sealed packa ges a re  p laced in a vessel  p r e s s u r i z e d  with
hel ium for five hou r s. The packages are then p laced in a leak  de tector
ca l ib ra t ed  to detect helium . Packages exhibiting leak r a tes exceeding

• 85 x 10 cc/ sec  a re  to be sent back for  resealing.

E qui pment and Mate r i a l  Required.
Equipment
1. Tank capable of in te rna l  p ressure  to 3 atmospheres.
2 . V eeco Leak Detec tor , MS-9A~3 , or equivalen t.
Mater ia l

I . Helium gas , Ai rco , MRO No . 10-0300 , or equivalent.
2. Ni t rogen , liquid , A i r co , MRO No . 10-03 51 , or equivalent.
3. App licable sealed SAW devices .
The gross  leak test will reveal any large leaks in the package.  The

package is p laced in a hot f luorocarbon (12 5 °C) and observed for 90
second s minimum for a i r  bubbles from the leak.

Equi pment and Mater ia ls  Required.
Equipment
1. Hot p late capable of 2 50°C , minimum.
2. Thermometer capable of 130°C.

- 

3. Ring lamp with lOX magn i f i e r.
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Material
1. Fluorochemical - FC-43, F’C-40, FC-48, FC-77, F( -78 ,

3M Company, or equivalent.
2 . Glassware as required .
3. Applicable sealed SAW devices .
4. Magnetic package holding f ix tures .
5. Dry ni t rogen (N2 )

4.2. 12 Final Electrical Test

The SAW devices are again electrically tested to make sure no
damage was incurred during the seal ing cycle. This test is full y desc r ibed
in the Confirmatory Sample Test Report.

4.2 . 13 Final QC Inspection
Finished SAW devices are  subjected to final visual inspection for

proper mark ing ,  wor km ansh ip and possible physical  damage.

4 . 15  (4-16 BLA NK )
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Section 5.0

CONCLUSION S

During this repor t ing period exper ience  gained an(l added to that of
the Engineering and Confirmatory phases has resulted in a smooth running
and productive initial pilot line e ffort.  Although continuously shi f t ing
of priorities and schedules have been necessitated , si gnif icant  advances
are being made towards realizing the purpose of the program. Problems
associated with SAW device manufac ture  have been encounte red and dealt
with effectively. The required device desi gns are  capable of being pro-
duced and tested according to MIL STD imposed conditions and at a
reasonable cost. In the area of fu ture cOst reduction considerat ion should
be given to packag ing and tuning requirements.

5. 1 PROGRAM FOR NEXT INTERVA L
The remainder of the SAW MMT Program will  be devoted to com-

pleting the Pilot Line production run , process documentation , and w rit ing
the Final Report. The Pilot Line production run will  fu r ther  estab l i sh
process ing and cost data as well as verif y yield s and throug hput capabil i ty.

5 - i  ~5-2 BLANK )
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REFE RENCES

Source

SCS476 USAECOM

ECIPPR No . 15 USAECOM

MIL-STD-10 5 Sampling Procedures  and
Tables for Inspection by
Attributes

MIL-STD-883 Test Methods and Procedures
for Microelectronic s

Quarterly Reports Hughes Ai rc ra f t  Company
I through 5 -

Contract No.
DAABO7-75C -0044

1st & 2nd Eng. and Hughes Ai rc ra f t  Company
Confirmatory Sample
Test Reports - Contract
No. DAABO7-75C-0044
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M A N P O W E R  SUMMARY

1 November  1976 to 31 Augus t  1977

Function Name Title Man Hours

PMO Support L. Dyal Member Technical Staff 135

Quality Control H. Cheseboro Technician 22

Fabrication L. Dyal Member Technical  Staff 960
D. Coffey Technician 140
G. Blur ton  Technician 210
I. Rios Technician 65
C. Kasal Technician 12
R. Small Technician 38
C. Glass Technician 16
J. Knoop Technician 12
M. Parker Technician 16
0. Astgen  Technician 12

Test R. Koib Member Technical Staff 220
C. Kasal Technician 25

Quality B. N i shi tsuji Technician 68
Tes t ing  D. Lanford  Technician 30

D. Brown Technic ian  22
T. Bates Technicia n 8
G. Allen Member Technical Staff 17
E. Alidredge Technician 16
0. Orr i s  Technician 13
J. Tait Technician 20
J. Geil Technician 8
A. Hallowach Technician 10
L. Chapman Technician 8
B. Thoma s Technician 9

PUBL CATIONS , REPORTS AND CONFERENCES

A technical  status report , “Progress  Report on Surface Acoustic

Wave Device MMT-II , ” was delivered by A. R. Janus at the Annua l  Frequency

Control Symposium at Atlantic City on June 1 and 2 , 1977 , and by L. Dyal

at the AV S-ISHM Thick and Thin Film Application Confe rence  in Los Angeles

on May 31 and June 1, 1977.
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