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I INTRODUCTI ON

The purpose of this program is to demonstrate the concept of an
automated assembly line for hybrid microcircuits , through the
establishment of techniques for tape carr ier  moun ting of semicon-
duc tor chips , burn—in and testing of these chips on tape and their
placement into representative hybrid circuits. The Tape Chip Carrier
(TCC) system permi ts mounting of semiconductor chips on reels of

• 
- • sprocketed film The system is an established means of automating the

interconnection of individually packaged semiconductor chip devices.
It has been adapted to the fabrication of hybr id microcircuits used

- - 
in the manufacture of certain commercial computers. The Army is
interested in utilizing the tape carrier mounting technology for the

. - manufacture of hybr id microcircuits for military electronic appli-
cations when advantageous for economic reasons or desirable from the

- viewpoint of increased reliability . Its overall adaptation to the

- . hybrid microcircuit industry is expected to be greatly enhanced by
• this program . The automated assembly line will make use of an

• - automatic feed mechanism at each process step, and magazines to
transport substrates and part ial ly assembled circuits  between pr ocess

• - points.

This is the third quarterly report on the MM&T program . Honeywell is
- • pleased to report continued excellent progress as the program moved

into the Tape Chip Carrier phase.
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SECTION 1

EQUIPMENT

This task covers the evaluation of existing , in—house equipment for
possible use for the MM&T tasks to be performed , and the review of
requirements and preparation of specifications for equipment to be

• purchased . After review, a number of changes were made to the
earlier planned equipment listed on the PERT chart (CDRL—A001, August
1977) for the sake of scheduling and cost effectiveness. Each of the
equipment items n— , planned will be discussed further.

A. REEL-TO-REEL PLATER

After considerable experience with the Honeywell designed tape
plating facility, now fully operational in our plant (See Figure 1—1)
it became apparent that sufficient capacity exists to support the
Confirmatory Sample and Pilot Line phases of the program . The

• current output rate is 1,600 frames per eight hour shift with near
- 
- 

100 percent yield. Although this plater can handle only 12 inch
strips, it is felt that in order to demonstrate inner lead bonding
(ILB) production rates on the automatic bonder (the only place where• continuous tape is required) the strips can be spliced with the aid
of a simple splicing device.

A special fixture , also developed by Honeywell al lows savings of up
to 60 percent in gold as it selectively plates the test pad area with
a protective flash only, while plating the gold on the used lead
frame area with the required 130 microinches thickness (See also

- 
• Figure 1—1).

B. AUTOMATIC WIRE BONDER

The purchase specifications and purchase requisitions for a K&S’
o - - Model 1415—3 Automatic Wire Bonder have been prepared and will be

released during the next reporting period . The machine will be
-• purchased without the automatic pattern recognition feature. This

- device can be added later if experience with the machine in the
au toma tic feed mode shows that it will  ma terial ly improve the ra te

- and performance .

- C. DIE PLACEMENT AND EPOXY DISPENSER

- After careful review a decision has been made not to automate the die
• placement function for transistor dice . The equipment proposed by K&S

is not yet fully developed and would require significant lead time.
.

~
• Performance would even then be unproven. Furthermore the die index

1 Kulicke & Soffa (K&S) Inc., Pru den tial Road , Horsham , PA 19044
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FIGU RE 1-1 . HONEYWELL DESIGNED TAPE PLATER
AND HALDEY FIXTURE
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function would not be automated . It was therefore decided that while
the IC die placement is done automatically at the time of outer lead —

bonding, the discrete device dice should be placed with in-house manual
equipment. This equipment has a placement rate of 180 per hour, more
than adequa te match the production rate requirements for the specified
operation.

D. TAPE INSPEC TION EQUIPMENT

The in-house tape inspection equipment consisting of a manual spooler !
dispooler with a Bausch and Lomb stereo 7 microscope has been deemed
adequate to meet the requirements for the program through the Confirm-
atory Sample phase. A method to inspect for alignment defects prior
to automatic inner lead bonding will be investigated.

E. OUTER LEAD BONDER - FRAMER

During the remainder of the Engineering Sample phase and during the
Confirmatory Sample phase the framing operation can be performed
manually as has recently been demonstrated. The automatic framing
equipment is now scheduled to be ordered in January 1979. However, if
necessary the automatic framing operations for the Pilot Line phase
may be run on automatic equipment currently available in Honeywell’s
LISD facility in Phoenix , Arizona.

-
• 

F. OUTER LEAD BONDER - TESTER/CODER

The tester coder equipment specifications have been prepared and the
• 

~ • purchase requisition will ~e released during the next reporting period.

G. OUTER LEAD BONDER - COMPOSER

Because of the relatively small quantity of di f f erent IC chip types
per hybrid (14 for the most complex case) the composing function can
be accomplished manually during both Engineering and Confirmatory
Sample phases . The automatic Composer will be ordered in January
1979. If necessary the Composing equipment available in Honeywell’ s
LISD faci l i ty  in Phoenix , Arizona can be used for production or
demonstration purposes.

H. OUTER LEAD BONDER - ASSEMBLER

The automatic assembler specifications have been prepared and the
purchase requisition will be released during the next reporting
period.

1—3
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I. INNER LEAD BONDER

The Automatic Inner Lead Bonder will be a standard Model 1-1000 Jade
machine. The appropriation for the machine will be completed during

• the next reporting period . Several of the items of optional equipment
to be included with the order are listed below.

• 15—inch diameter reel and dereel system with environmental
chambers.

• Precision Manual sample punch

I • ILB Thermode planarity adjustable system

• Variable magnification system

• Objective lens for other field of view
• 

I • Dial Ind icator assembly
I • Inspection scope (Stereo—Wild M3) mounted with tool post

F 

• ILB heated base with temperature controller.

• Adjustable post bond delay (0 — 2 sec)

-

~. ~

• 1—4
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SECTION 2

MATER IAL HANDL ING SYSTEM

Two basically different types of automatic handling equipment have been
developed: a mechanical handler and an air handler. (See previous
reports). Both approaches proved satisfactory. As anticipated , the
air handler is faster , cheaper , and more reliable than the mechanical
handler. This air handler is now in the debugging phase. It will be
used on the Weitek thick film printer. The mechanical handler will
be adapted to the automatic wi-re bonder where the speed and reliability
requirements are somewhat less r igorous than on the screen printer.

Four of our substrate processing machines employ belts for moving the
substrates: 

•

3.. Furnace (four abreast)

2. Dryer (three abreast)

3. Solder reflow (one)

4. Capacitor assembler (one)

The automatic equipment for loading the belts from the magazines will
be similar for a11 four machines. A mechanism indexes the magazine
and sequentially loads substrates on a cross slide (See Figure 2—1).
When the slide is loaded with the required number of substrates , (one ,
three , or four ) they are moved , abreast , onto the belt machines.

An air sensor (s) locates the substrate(s) on the moving belt and
triggers a vacuum arm that picks the substra te(s) off the belt and
moves them to a cross slide that employs d irected air jets to move
them (See Figure 2—2) to the magazine load and index mechanism (See
Figure 2—3).

Powe r for the belt loaders and unloaders is supplied by air cylinders.
Control logic power is 24 volts dc. A technique to dry the substrates
in the magazines in a special furnace is presently being evaluated as
an alternative to building an automatic loader and an unloader for
the conventional belt dryer . This appears to offer savings in equip-
ment cost , space , run time , scrap , and maintenance. (This approach
is not feasible for the furnaces or the solder reflow because of the

• - high temperatures and tight controls required by these processes).

The following is a status summary of these and other equipmen t items of
the Material  Handling System. (See Figure 2—4 for the design and
manufacturing schedule).

2—1
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• - FIGURE 2-4. DESIGN AND MANUFACTURING SCHEDULE FOR
MATERIAL HANDLING SYSTEM EQUIPMENT
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1 - The Mechanical Substrate Handling System has been completed and
rnarried to the Weitek screen printer. The system is operational
and has been successfully demonstrated several times. Several minor
“bugs”, mostly in the electronics system remain. Figure 2-5 shows a
photograph of the system prior to mounting on the printer. Figure

• 2—6 shows a close—up of substrate track.

Plans: Remove system from Weitek and rebuild base only for use with
Automatic Wire Bonder. Upgrade and debug electronics (need self-

• zeroing, cable shielding and improved packaging).

2 — The Air Substrate Handling System has been completely assembled
Eut requires some debugging and rework to become operational . The
basic operation has been demonstrated apart from the Weitek printer.

• Plans: Rework and debug the system. Marry to Weltek, debug and
demonstrate. Leave Air System on Weitek.

3 - The Furnace On—Loader has been completely assembled and was

~
uccessfully demonstrated a number of times. Minor adjustments and
electrical hook—up needs to be completed.

Plans: Marry the Furnace On-Loader to the Lindburg (9—inch belt)
furnace, debug and demonstrate.

4 - Furnace Off—Loader design is 40 percent complete, build is 20
percent complete..

Plans: Complete and demonstrate with Lindberg furnace.

5 - Dryer On-Loader design is 90 percent complete. Build not
started.

Plans: Complete design and build. Demonstrate on dryer)

-
• 6 - Dryer Off-Loader design is 40 percent complete. Build not

started.

Plans: Complete design and build. Demonstrate on dryer.1

7 — Browne On-Loader, Browne Off—Loader, Solder Reflow On—Loader,
~o1der Reflow Off-Loader: Design for all is 10 percent complete,
build not started.

Plans~ Complete design and build. Demonstrate on respective
~achines/equipment.

8 - Automatic Wire Bonder will be supplied ‘pith an automatic

~ubstrate handling system through modification of the Weitekmechanical feed system (See 1).

1 See text on page 2-1 for alternate plan.

2— 6
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FIGURE 2-5. MECHANICAL SUBSTRATE HANDLING SYSTEM
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FIGU RE 2-6 . MECHANICAL SUBSTRAT E HANDLING SYSTEM
CLOSE UP OF SUBSTRATE TRACK
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9 - Laser Trim Equipment will be equipped with an automatic handling
system similar to the Air Substrate Handling System currently being
completed for the Weitek. Design for this system is 75 percent
complete. Build has not yet started.

10 - Four Magazines are completed. Current plans include a total
E~ild of 30. Build of no other magazines has yet been started.
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SECTION 3

BURN-IN ON TAPE

A. BURN-IN TANK

Design of the burn—in tank is proceeding on schedule. Heater pads,
temperature controller , relays and printed wiring boards have been
ordered. Purchased items are expected in—house by 14 July 1978.

Figure 3-1 shows a layout drawing of the tank. It is constructed of
plate aluminum, with all pieces welded together for liquid-tight

• joints. While the tank is large enough to house ten trays, until the
concept is proven only one tray will be installed . To accomplish this,
a partition is welded inside at the fluid inlet end.

Heater pads are bonded to the four sides and bottom, as well as the• internal partition. High temperature insulation covers all sides of
the tank as well as the partition. Protection for the insulation is
provided by thin sheet metal skins .

The burn—in fluid will be circulated through the tank by a pump. For
this reduced capacity tank , a pump already in use on a similar program
will be utilized. When the tank is expanded to full capacity , a larger
pump will be obtained .

Temperature of the fluid in the tank will be maintained by a Fenwal
• Temperature Controller. In case of thermal runaway due to malfunction

of the controller, an over—temperature sensor will de—activate the
main power relay , shutting the system down.

Cold water circulating through tubing on the cover will minimize vapor
- I losses by condensing vapors on the cover and condensate dripping back

into the tank.

B. INTERCONNECT BOARDS

Figure 3-2 shows the printed wiring board used for interconnecting the
chips. The base material is polyimide. It is copper clad on both
sides with one ounce material. Where necessary holes are plated through
for interfacial connections.

The printed wiring board assembly layout is shown in Figure 3-3. Con-
nectors and pogo pins are mounted on each TAB frame location. Pogo
pins make contact with the lead frame so that it may be exercised in a
manner determined by an auxiliary printed wiring board plugged into
the connector. Printed wiring boards are mounted to the tray shown

• in Figure 3-4.

• 3—1
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C. SLIDE TRAYS

The tray is made in two parts. One part, which accommodates the
printed wiring boards is shown in Figure 3—5. Cabling for intercon—

- nection of the twenty—four(24) IC chips is also mounted on this part
of the tray. Guides to maintain proper alignment between the two
parts of the tray are located in diagonal corners. Registration between
the one part mounting the printed wiring boards and the part mounting
the TAB devices is most critical and must be maintained in order to
make electrical connections to the devices being burned in.

The second part of the tray is detailed in Figure 3—6. This piece
mounts the TAB’ed IC chips in proper orien tation with respect to the

I 
Pogo pins on the printed wiring board. It is bolted to the other part
to complete the tray assembly. At each device is a pattern of three
pins and a 0.375 inch diameter hole. The two pins on either side of the

• - hole engage the sprocket holes in the 35mm film and maintain alignment
I for contact with the Pogo pins. To prevent misregistration of the
I frame, a third pin , installed at 45 degrees from the hole , matches a

I 45 degree beveled corner on the frame. The function of the hole is
4 to provide fluid flow around the chip and assure proper temperature

and heat sinking of the chip.

• ‘ 3—6
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SECTI ON 4

ENGINEERIN G SAMPLES

I . FI RST SUBMISSION

A. Electronic Commutator (34030402)

Five electrically and visually acceptable devices were shipped dur in g
the previous reporting period .

B. Random Access Memory (34030405)

Five electrically and visually acceptable devices were shipped during
• the previous reporting period .

C. Minilaser Counter (34030411)

Five electrically and visually acceptable devices were shipped during
the previous reporting period .

D. SINCGARS Discriminator (34030408)

The assembly of the Discriminator hybrids was completed and the devices
were successfully tested dur ing this reporting period . The Test Report
“SINCGARS Discriminator —001” is included in this report as Appendix A.
Five electrically and visually acceptable Discriminator hybrids were
shipped dur ing  this reporting period .

E. Crystal Oscillator (34030417)

1. Thin Film Arrays. Extensive work was performed on the thin f i lm
resistor arrays during this reporting period . The sequence of work
completed is briefly described below.

U
The circui t d iagram was received f rom ERADCOM showing the curren t
design as built by Raytheon. This circuit design was analyzed by a
Design Engineer from the Producibility and Component Section. General
liybr iu layout and partitioning was performed by Design Engineering .
Requirements for thin film arrays were made based upon space available.

A quotation, requested from Hybrid Systems for the thin film arrays,
was submitted and was based on utilizing silicon substrates. These
s ihstrate sizes were used in the current hybrid design, when it was• dec~ded to build the arrays in—house.

The igns were made Laing the following guidelines.

f~. Su ~t ra t e  mater ia l  to be silicon or glass ( l a t e r  changed to glazed
~~t u m i n a ) .

• 
. P’  ~~

- r a t ing  at 40 watts/ inch 2 .
• •

- 
. Sheet Res i sL iv i t y  to be 250 ohm/ o max.
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D. Line/space geometries of 0.0005/0.0005 inch m m .
E. Termination pads to be 0.005 inch in bond area and frozen by

design.
F. Resistor values were checked and confirmed by design and frozen.

• G. All networks to be passively trimmed only.
H. TCR fixed at not to exceed 100 PPM/°C.

The eight networks were designed and checked by Design Engineer ing
and were found to be acceptable. Figure 4—1 shows the —005 a r r ay
with one— half mil lines and spaces, Figure 4—2 shows the —006 array.
Layouts for resistor networks 34030414—001 through 304030414—004 were
sent to Microfab Systems, Palo Al to, California for tooling and 1:1
mask generation. Layouts for 34030414—005 through 34030414—008 were
sent to our facility in in Tampa for tooling and 1:1 mask generat ion.
Microfab returned 1:1 mask patterns, and networks 34030414—001
through 004 were photofabricated on glazed ceramic substrates1.
Prel iminary tests showed acceptable resistivi ties in examples of the
first four networks. Some difficulty was encountered in the mask and
align phase , due to the f ine geometries in these uni ts .
Photofabrication of 0.0005/0.0005 inch lines and spaces showed no
problem with shorts or opens , bu t di d experience some d i f f i c u l t y  in

4 
size ratio. Passive trimming done to this date yielded the results
shown in Table 4—1.

TABLE 4-1. YIELD AFTER PASSIVE TRIM OF
THIN FILM RESISTOR NETWORKS

Device Size (mils)  Yield Percent

—001 60 x 60 34

—002 80 x 80 66
I-

—003 80 x 8 0  70

—004 40 x 40 40

—005 80 x 80 28

—006 80 x 80 37

- 0 ) 7  80 x 80 39

—008 80 x 80 46

2. [r cu dboa rd  Testing and Trimming Analysis. Breadboard testing of
• ( ~ ~ r a P ~ur e control ler  and crystal  oscil lator c i r cu i t s  have demon—

that  the hybr ids  can be selected to meet the ±2 ppm frequency
c .e i  •~ t emperature  range of —40°c to +75°C, initially.

A ch~ nge  I r l  ql~~zed ceramic was made when it became apparent  that
~~1 en l t d  glass would exhibit unacceptable capacitance charac—

~tics.

4—2
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. .Initial breadboard tests were also conducted to determine active trim

resistor sensi t ivi t ies  ( see Table 4—2). The anticipated active trim
range and the resistor sensitivity information obtained during bread-
board testing could be u t i l ized  by the hybr id layout engineer to
def ine  the optimum dimensions of the thick f i lm resistors  r equ i r i ng
funct ional  t r im.  This would resul t  in h igher  func t iona l  tr im yields
and , therefore , a lower unit cost.

Finally breadboard tests were conducted to determine the possibi l i ty
of making the required compensating curve adjustment  by inser t ing the
crystal into the c i rcui t  and operating the oscillator at the upper
and/or lower tu rn ing  point to select the proper values of R47 and R48
( see Tables 4—3 , 4— 4 , and 4 — 5 ) .  All three crystals  tested in the
breadboar d would fail  to meet the ±2 ppm requirement from center fre-
quency when R47 and R48 are trimmed to the values indicated by
Piezo ’s frequency/ tempera ture curves , using the current tr im proce—

$ dure.  But by u t i l i z ing  this new technique , crystal S/N 54 (R47 = 10K
H - ohm , R48 = 17K ohm ) and crystal S/N 64 (R47 — 10K ohm , R48 — 25K ohm)

woul d meet the ±2 ppm requirement from cen ter f r e quency over the
temperature range of —4 0°C to +750C , while S/N 12 would display

4 mar ginal response wi th R47 = 10K ohm and R48 — 24K ohm . In i t i a l  data
indicates that the new approach will  result  in the minimum f requency
change from center frequency over the temperature range of —40°c to
+750C . This will  contr ibute  to improved frequency s tab i l i ty  versus
temperature result ing in higher t r im yields and lower unit cost.

3. Assembly . The Engineering Samples are now in the process of
being assembled . ‘Figure 4—3 shows a photograph of the Crysta l
Oscillator after component attach , including the thin f i lm  arr ays ,
but before wire bonding . Note that the device is printed “two—up” on

- ‘ a 2 x 2 inch substrate. The open space in the upper right hand
corner is allocated for the crystal. The passive trim mark in the
thick film resistors are clearly visible. The trim mark in the thin
film arrays are too f ine  to be detectable on this photograph . Note
also that  the substrate has been pre—scored so that it can be easily
broken a f te r  assembly. Figure 4— 5 shows the cu r ren t  schedule. The
firs t five Eng ineering Samples were to be shipped at the end of
April.

F. Temperature Controller (34030415)

The work done on th~ resistor a r r a ys for the Crys ta l  Oscil lator
applies to the Temperature Control ler  as well as s imilar  a r rays  used
for this hybr id .  During this reporting period the Temperature Con—
troller hybrids were assembled and submitted to active trim. Figure
4- 4 ShO WS a photograph of the assembled device a fte r  wi re  bonding .
Tie wi es are barely visible on the picture. As with the Crystal

• ‘~sci l 1— t t o r the passive trim cuts can be easily distinguished .

The sc~ •~du1e shown on Figure 4—5 applies to the Temperature Con—
~-ro l1 - as well. Engineering samples were delivered at the end of
‘~pril .

‘

•H 

_  

_

~~~~~~~~~~~~ ~~~~~~~~ 
- -_— - -  ___--___

_ _ __ _ _5-5’5 -



S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~ - - - - -  --- --—~~--~~~~~~ - --—--- —---- --- -~~~~~~~

TABLE 4 — 2 .  FUNCTIONAL TRIM RESIST~ R SENSITIVITIES

Resistor ~R
Designation Circuit’ (Ohm ) (my ) (Hz)

R72 Crysta l  100 1
Osc 1, 006) 12

R7l Crystal 100 1
Osc 1,000 12

:1 R98 Crystal  2 to 3 1
Osc 10 2 to 3

100 23

R97 Crystal 10 1
Osc 100 9

R70 Crystal 100 1
4 Osc 1,000 8

R69 Crystal 100 1 to 2
Osc 1,000 15

R63 Crystal 200 1
- Osc 1,000 6

3,000 16

R64 Crystal 100 0.5 to 1
Osc 1,000 6 to 8

R76 Crystal 100 1 to 2
-• Osc 1,000 15
- I Rl04 Crystal  1,000 1.

Osc 10,000 10

R78 Crystal 1,000 1
Osc 10,000 1] to 16

- R75 Crystal  100 2 to 3
Osc 1,000 15

-
. 

- 
10,000 135

• 
- - 

R83 Crystal 500 1 to 2
Osc 1,000 4

10,000 38

.
~ R80 Crystal 100 1

Osc 1,000 11
10 ,000 100

4.
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TABLE 4— 2. FUNCTIONAL TRIM RESISTOR SENSITIVITIES (Continued )

Resistor AR AV
Designation Circuit (Ohm) Cmv ) (Hz)

R6 Temp 1,000 1
Cont 10,000 9

R2 Temp 200 1
Con t 1,000 5

- 10,000 50

R5 Temp 10 3
Cont 100 32

- 
1,000 324

R3 Temp 10 1
Cont 100 7to 8

1,000 70

R56 Temp 20 1
Cont 100 6

1,000 55

R57 Temp 10 0.5 to 1
Cont 100 7

1,000 67

-I-

I
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TABLE 4— 3. FREQUENCY /TEMPERATURE STABILITY OF CRYSTAL S/N 54

Frequency
Temp. (R48 (R48 (R48 (R48 (R48

(°C) 10K) 12K) 15K) 17K) 20K )

-40 7403 7425 7453 7469 7490
-30 7428 7446 7470 7483 7501
-20 7429 7443 7463 7474 7489
-10 7436 7447 7463 7472 7483

0 7468 7476 7486 748 1 7488
10 7490 7494 7499 7489 7494

• 20 7496 7497 7499 7492 7495
23 7499 7499 7499 7497 7497
30 7494 7490 7486 7484 7482
40 7497 7490 7482 74~ 7470
50 7507 7497 7485 7477 7468
55 7511 7500 7484 7476 7463
60 7512 7498 7479 7470 7456
70 7523 7505 7481 7467 7449

- 
75 7543 7522 7496 748 0 7460

- I- NOTES :

1. AlL frequencies are 21, 93X, XXX Hz , where the X, XXX values
are listed in the frequency column for each temperature/R48 combination.

2. The value of R47 was 10K ohms.

3. The value of the 25K pot was 16, 170 ohms.

4. The trim values were calculated to be R47 = 10K and R48 = 14K using
current trim method; (UTP -LTP) FX/F S.
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TABLE 4—4. FREQUENCY/TEMPERATURE STABILITY OF CRYSTAL S/N 12

Frequency

Temp. (R48 (R48 (R48 (R48 (R48 (R48 (R48 (R48
(°C) 10K) 12K) 14K ) 16K) 18K) 20K) 22K) 24K)_—

-40 7352 7374 7393 7410 7424 7435 7450 7460
-30 7393 7410 7426 7441 7453 7465 7475 7484
-20 7396 7412 7426 7439 7450 7459 7468 7476

• -10 7411 7423 7433 7443 7451 7459 7465 7472
0 7437 7446 7454 7461 7467 7472 7478 7482
10 7468 7473 7478 7482 7485 7488 7491 7494
20 7488 7488 7490 7491 7492 7492 7493 7493
30 7495 7492 7490 7487 7485 7483 7481 7480
40 7505 7499 7493 7488 7483 7479 7475 7471
50 7523 7513 7505 7497 7490 7484 7478 7473

4 55 7530 7519 7508 7499 7490 7482 7475 7469
60 7534 7521 7509 7498 7488 7479 7471 7464
70 7553 7534 7518 7504 7490 7478 746 7 7457
75 7578 7557 7538 7521 7506 7493 7480 7469

NOTES :

1. All frequencies are 21, 93X, XXX Hz, where the X, XXX values are listed
in the fr equency column for each temperature/R48 combination.

2. The value of R47 was 10K ohms.

3. The value of the 25K pot was 17 , 330 ohms.

4. The trim values were calculated to be R47 = 10K and R48 = 20K using
current trim method; (UTP-LTP) FX/ F S.

~~~~~~~~~~~~ —
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TABLE 4—5 . FREQUENCY /TEMPERATURE STABILITY OF CRYSTAL S/N 64

Frequency
Temp (R48 CR48 (R48 (R48 (R48 (R48 (R48 (R48
(°C) 23K) 26K) 28K) 29K) 30K) 31K) 32K) 34K)

—40 7459 7475 7484 7487 749 1 7494 7497 7504
-30 7477 7490 7498 7502 7505 7508 7512 7518
-20 7478 7489 7495 7497 7500 7502 7504 7510
-10 7472 7481 7486 7488 7490 7493 7494 7499

0 7483 7489 7493 7495 7496 7498 7500 7503
10 7494 7498 7501 7502 7503 7504 7505 7507
20 7491 7493 7494 7494 7495 7496 7497 7497

• 30 7499 7497 7495 7495 7494 7494 7494 7493
40 7487 7483 7480 7479 7478 7476 7475 7473
50 7488 7480 7476 7474 7472 7470 7468 7464
55 7487 7478 7473 7471 7468 7466 7464 7460
60 7480 7470 7464 7461 7458 7456 7453 7449
70 7472 7460 7452 7448 7445 7442 7438 7431
75 7486 7471 7462 7458 7454 7450 7446 7438

NOTES:

1. All frequencies are 21, 93X, XXX Hz, wher e the X, XXX values are listed
in the frequency column for each temperature /R48 combination.

2. The value of R47 was 10K ohms.

3. The value of the 25K pot was 18, 200 ohms .

4. The trim values were calculated to be R47 =1OK and R48 = 23K using the
current trim method; (UTP-LTP) Fx /F5.
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FIGURE 4-3 . CRYSTAL OSCILLATOR
(PRIOR TO CRYSTAL MOUNT)
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FIGURE 4-4. TEMPERATURE CONTROLLER
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II SECOND SUBMISSION

After thorough technical discussions with the ECOM Program Director it
has been decided to delete the Third Submission Engineering Samples for -

~

reasons of cost effectiveness and schedule. Because of this the Second
Submission Samples will be completely TAB bonded whenever possible . The
schedule due date for this submission will be 30 June 1978 , the same
date as originally planned for the Third Submission.

At the same time it was decided not to continue beyond the First Engine-
ering Samples for the Crystal Oscillator and Temperature Controller
devices because of their great complexity and extensive manual active
test and trim.

A. Electronic Commutator (34030402)

The substrates for the. Electronic Commutator second submission samples
have been fabricated and are in stock. Wafer preparation prior to
bumping has begun with laser enhancement of the reject marks and metal-
lization of the barrier layers. These tasks have seen some delay

4 because the delivery of the wafers was later than promised by the vendor.
The schedule for manufacturing of the second samples is shown in Figure
4—6.

B. Random Access Men~~ry (34030405)

The substrates for the RAM second submission samples have been fabri-
cated and are in stock. Delivery of the wafers has been slipped to
early in the next reporting period . Figure 4-7 shows the schedule for
manufacturing of the second set of engineering samples.

C. Minilaser Counter (34030411)

The substrates for the Minilaser Counter samples have been fabricated
and are in stock. Most of the wafers have experienced delays in delivery
and are not expected in until early May. Figure 4—8 shows the schedule
for manufacturing of the second submission samples of the Minilaser

o Counter.

- 
q TN rGARS_Discriminator (34030408)

“h t r~te~ for the Dis riminatclr Hybrid have been fabricated and
are in stock. One of the wafer types has been received and is being
metallized in preparation for bumping. The second wafer is not due

• - 
~-ii the middle of the next reporting period. Bump masks, tape and

- - -
~ have been received and are in stock. Figure 4—9 shows the

in-’fw turing schedule for the SINCGARS Discriminator second engine-
- - ‘-n ples .

4— 14
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FIGURE 4-6. MANUFACTURING SCHEDULE - SECOND SUBMISSION
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Section 5

CONCLUS IONS

Dur ing  this third repor t ing peLiod good progress con tinued in most
areas of the program. The Crystal  Oscillator and Temperature Con-
troller Circui ts, now near ly  compl eted , continued to require
excessive effort. However, it is felt that the data generated on
these devices is important and useful  to ERADCOM . A major cost
growth problem was identified and discussed with ERADCOM during this
period . The work on the above mentioned devices and greater than
estimated complexity of the Mater ia l  Handling System contr ibuted to
the high costs. The program is now moving into the TCC phase with
wafer bumping activities being initiated .
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Section 6

PLANS FOR THE NEXT REPORTING PERIOD

I Dur ing the next report ing period major emphasis will be placed on the
TCC assembly operations for the second submission engineering
samples. All device types will require extensive activity in wafer
bumping, inner lead bonding testing and outer lead bonding . In the
area of Material Handling the Air Substrate Feed Mechanism and the
Furnace On—Loader will be completely operational. The Furitace
Off—Load system will be nearing completion. Work on the Burn—In
system will progress steadily with all major parts in the fabricating

- cycle. 
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Section 7

PUBLICAT IONS

1. “Automated Tape Carrier Bonding for Hybrids” - by Dr. Rudolph G.
— Oswald , William R. Rodrigues de Miranda and James M. Montante -

Solid State Technology magazine , March 1978 , p. 39.

2. “Outer Lead Bonding Pattern Configurations for Tape Bonded Hybrids”
• - by William R. Rodrigues de Miranda and Dr. Rudolph G. Oswald,

Southeast Printed Circuits and Microelectronics Conference, Orlando,
Florida — March 15, 1978.
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APPENDIX A
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REPORT OF TEST ON SINCGARS Discriminator - First Submission of Eng ineering
Samples
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1.1 Reason for Test

Acceptance tea s were performed on the first lot of engineering samples to
be delivered to ECOM under Contract DAABO7-77-C-0526. The purpose of these
tests is to demonstrate that these samples are functional and meet the
specifications Listed in paragraphsl. 3. 2. 1 through 1. 3. 2. 6.

1. 2 Description of Test Apparatus

The equipment listed below was used to perform the tests specified in paragraph
1. 3. The Discriminator Manual Test Fixtur e is a special piece of test
equ ipment built by Honeywell. This test fixture contains the switch and circuitry
required to perform the tests specified in paragraph 1. 3. 2 . Figure 1
shows the schematic of this fixture.

Last Due For
Equi pment Used Model # HI ID # Calibrated Calibration

Hewlett Packard 8660B 30496 11/16/77 9/16/78
Synthesized Signal
Generator

Hewlett Packar d 86632A 30497 11/16/77 9/ 16/ 78
Modulation Section

Hewlett Packard RF 86601A 30498 11/ 16/7 7 9/ 16/ 78
Section

Tektronix Oscilloscope 475 CG11584 12/ 16/ 77  7/ 16/ 78

Fluke Digital Multimeter 8600A CG13567 1 2 / 6 / 7 7  7/ 6 / 7 8

Ambitrol Twin TW5005 CG1804-37 11/4/77 11/4/78
Power Supply

Hewlet t  Packard Distortion 334A 30727 9/28/77 1/28/79 -

Analyzer

Exact Signal Generator 7060 CG11351 6/24/77 3/24/78

Di ~criminator Test Fixture N/A  N/A N / A  N / A

NO f F: The power supply output level was set with the aid of the Fluke Digital
Mu ltimeter.

A- 3

- - ~- ~.:



-
~~~~~~ , - -- 

-- - --- -- --,--—-- --- S--

1. 3 Test Procedure

1.3. 1 Test Circuit

The test configuration for conducting the tests specified in paragraph 1. 3. 2S 

is illustrated in Figure 1.

1. 3. 2 Electrical Requirements

1. 3. 2. 1 Audio Outpu t Voltage

With the HP 8660 and associated equ ipment set up for 1KHz modulation ,
300 uV IF output and a deviation of 5 KHz , the audio output at pins 1 to 2/ 3
shall be greater than 40 mV.

1. 3. 2. 2 Total Harmonic Distortion

With the HP 8660 and associated equ ipment set up for 1 KRz modulation ,
300 uV IF output and a deviation of 8 KHz , the total harmonic distortion of

— 
the audio output at pins 1 to 2 / 3  shall be less than 5 percent.

1. 3. 2. 3 Audio Output Due to Decrease_of IF Input_

With the same input conditions as specified in paragraph 1. 3. 2. 2, decrease
- S the IF input until the amplitude of the audio output (pins 1 to 2 / 3 )  decreases by

3 dE. The IF input shall be less than 200 uV as read on the me ter located on
the RF Section of the HP 8660.

1. 3. 2. 4 Audio Output Due to Decreasing AGC

With the HP 8660 and associated equipment set up for 1 KHz modulation, 32 mV
IF outpu t and a deviation of 8 KHz , adjust the AGC control on the Discriminator
test fixture (see Figure 1) counterclockwise until the amplitude of the audio
output decreases by 3 dE . The voltage at pin 7 shall be greater than 2. 5 Vdc.

1.3.  2. 5 Input Current

With the same input conditions as specified in paragraph 1. 3. 2. 2 . the current
into pins 5 and 6 shall be less than 7. 5 mA.

-
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- 1. 3. 2. 6 Output Filter Bandpass

With the same input conditions as specified in paragraph 1. 3. 2. 2 except that
an external oscillator is used for modulation (Exact 7060), measure the
upper and lower 3dB frequency limits of the Discriminator output. The

- lower limit shall be less than 5 Hz and the upper limit shall be greater than
- 25kHz. The Discriminator output at 100KHz modulation shall not be more than

- .  - 24dB down from the output with 1 kHz modulation.

1.4 Test Data

- 
The five engineering samples being delivered passed all functional tests.

- Test data sheets which contain the test results for Serial Numbers 7, 8, 9
10 and 11 are attached.
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DISCRIMINATOR
P/N 34030408-001

•S/ N 7
Date~~~—~-fl’

1. Audio Output Voltage

) 4OmV

2. Total Harmonic Distortion

<5 percent -

3. Audio Output -3dB (due to decrease of iF input)

9o~~VIF Input Voltage <200~iV

4. Audio Output -3dB (due to decreasing AGC control)

- -  3.5-5 V
Voltage @ Pin 7 ~ 2. 5V

5. input Current (Pins 5 & 6)

3~~N ~~
<7.5mA

6. Output Filter Bandpass

(a) Lower -3dB Frequency

<5Hz

(b) Upper -3dB Frequency

30 kHz~
S >25 kHz

(c) At 100kHz

H -24dB max.
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DISCRIMINATOR
P/N 34030408-001

-S/N ~
Date ~~— g - 7 ’~

1. Audio Output Voltage

—) 4OmV

2. Total Harmonic Distortion

<5 percen t -

3. Audio Output -3dB (due to decrease of IF input)

0 / A
IF input Voltage <200jiV

4. Audio Output - 3dB (due to decreasing AGC control)

3.3~ V
Voltage @Pin l >2.5V

5. Input Current (Pins 5 & 6)

31M3 ~~A
<7.5mA

f 6. Output Filter Bandpass

(a) Lower -3dB Frequency

3 L4 H~<5Hz

(b) Upper -3dB Frequency

>25 kHz

I 
- ; 

(c) At 100kHz j
j — -24dB max .

A—B
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DISCRIMINATOR
P/N 34030408-001

-S/N 9
— - Date 

~~
-! - 7 ~

1. Audio Output Voltage

L
~L f w ~V

S 
>4OrnV

2. Total Harmonic Distortion

< 5 percent -

3. Audio Output -3dB (due to decrease of IF input)

IF Input Voltage < 200iV

4. Audio Output — 3dB (due to decreasing AGC control)

3,c~oV
Voltage @ Pin 7 >2. 5V

5. Input Current (Pins 5 & 6)

<7.5mA

6. Output Filter Bandpass 
S

- (a) Lower -3dB Frequency

- <5Hz

- 
- 

- (b) Upper -3dB Frequency
- -

>2 5 kHz

(c) At 100kHz 
_______

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

-24dB max.
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DISCRIMINATOR
P/N 34030408-001

-SIN 10
Date 2~~

( -72

1. Audio Output Voltage

gc~~ 1V
> 4OmV

2. Total Harmonic Distortion

a a o /
( . 0  / 0

<5 percent 
S

3. Audio Output — 3dB (due to decrease of IF input)

c
~O ,AV

IF Input Voliage < 2003iV

4. Audio Output - 3dB (due to decreasing AGC control)

3.3~~V
Voltage @ Pin 7 >2.  5V

5. input Current (Pins 5 & 6)

— 
L I C ~~ ~ A

<7.5mA

6. Output Filter Bandpass

(a) Lower -3dB Frequency

3. LI
<5Hz

- - 
(b) Upper -3dB Frequency

4 ~~~~ kN~->25 kHz

(c) At 100kHz

S -~~ .0~~E
- - -24dB max.
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DISCRIMINATOR
P/N 34030408-001

• -S/N (
~Date 

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

1. Audio Output Voltage

~~~~I f rVl V
> 40mV

2. Total Harmonic Distortion

L., ¾
<5 percent 

-

3. Audio Output -3dB (due to decrease of iF input)

1( 0  ~V
IF Input Voltade <200~iV

4. Audio Output -3dB (due to decreasing AGC control)

3 L4L4 ~/
Voltage @ Pin 7 >2.  5V

5. Input Current (Pins 5 & 6)

~ . J L  rv~ /~
<7.5mA

6. Output Filter Bandpass

(a) Lower -3dB Frequency

3.5 Hz—
- S  <5Hz

(b) Upper -3dB Frequency

>25 kHz

(c) At 100kHz

- 2 44 R  max.
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