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ABSTRACT

A manufacturing methods project has been initiated to establish a pilot

I production line for metal nitride oxide semiconductor (M~~OS) block oriented

random access memory (BORAM) multichip hybrid circuits. During the past

I quarter the integrated circui t die for engineering and confirmatory samples

were fabricated. All component parts for engineering samples wer e pro-

7 cured or fabricated . Hybrid circuit thermal characteristics were examined,

and memory t ransistor performance characteristics were explored . The

T chip and hybrid circuit manufactur ing flow were fina lized.
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PUR POSE

The purpose of manufa cturin~ methods and technology (MM & T) project
• - number 2769758 is to establish a production capability for meta l nitride-

oxide semiconductor (MNOS) integrated ci rcuits for block-oriented random

access memo ry (BO RAM) .

Mili tary organizations are faced with a difficult hardware problem in the

use of mod ern day computers. A suitable militarized secondary storage

technolo gy simply does not exist. Drum s and discs cannot stand up under

the stress of the ground mobile environment. Mi li tary real tim e program s
are forced to be resident in main memory becaus e electromechanical

storage access d elays canno t be tolerated.

MNOS BORAM holds considerable promise of meeting the military’ s
seco nda ry stora ge needs. An advanced development Army/Navy MNOS

BORAM module has proven that significant volum e, weight , power and use

f flexibility advantages can be achieved. When compared to fixed-head

electromechanical storage MNOS BORAM offers MTBF ’ S 10 times longer ,

and access times about 500 times faster.

This MM&T project will establish for the government a source of supply

for MNO S BORAM secondary storage. A pilot production line with a
demonstrated capacity of 1, 875 hybrid circui t per month will be established.

Each hybrid circuit will contain 16 MNOS BORAM integrated circuits. This
production rate will provide sufficient hybrid circuits to allow fabrication of
three 16. 8 megabit BORAM modules per month. The hybrid circuits will
conform to Electronics Command Technical R equirement SCS5O3 , and the

fl MM&T project will be conducted in accord with Electronics Command
Industrial Preparedness Procurement Requirement Number 15.

11
xi/xli



I
I
r
r

I .  NA RRATIVE AND DATA

I Progress has been made in production of required samples and detailed

r definition of the pilot line. Thi s report presents some details of the per-

fo rmanc e of the MNOS structure , reviews the the rmal properties of the

hybrid , comments on revisions to the VT tester , and outlines the pilot pro-

duction line.

1. 1 CHARACTERISTICS OF LPCVD DEVICES

The un i~ ’~ ~m thickness and characteristics achievable using low pressure

chen-iica r deposition (LPCVD) for nitride processing led to use of

LPC ” acture the second set of engineering samples and the con-

firn .~~~~~ .amples. To inve stigate the major device properties actually

achieved , a sample of 2 0 devices was taken from two wafers in production

r lot 0801. In this case the nitride deposition was pe rformed by a subcontractor.

Measurements were performed on the test structures of these previousl y

unscreened 20 die.
- Each BORAM 6002 die incorporates a test pa t te rn  which contains severa l

capacit or and transistor structures.  For this invest igation , two 6002 chips
- were mounted in a single dual-in -tine 16-p in package. Or~ memory tran-

•istor and one nonmemory t ransi s to r  on each die was wire bonded. Figure
1-1 shows the pin out configurati on.
1. 1. 1 Nitride Uniformity

As an Initial characterization step, capacitor st ructures on each die were

I] measured to obtain an estimate of nit ride thickness. Table 1-1 shows the
I measured capac itance and the computed thickness. The capacitor area was

fl 100 x 150 mIcrons. The dielectric constant of nitride was assumed to be
6. 5, and the perm itt iv ity of free space was ta ken as 8. 854E — 12 farads per

if meter.
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Figur e 1-1. Test Sample Pin Identification

The thickness uniformity of the samples was quite good. A standard

deviation of less than 5 angstroms about a mean of 51 1 angstroms was

computed.

A series of exploratory measur ements of pulse response and threshold

decay characteristics were then undertaken. Various computations were

performed to aid in interpretation of the results.
1. 1. 2 Threshold Decay Characteristics

FIgure 1-2 shows the typical form of the threshold decay characteristic.

The upper curve presents the decay of the high conduction threshold or
cleared state. The lower curve presents the decay of the low conduction

threshold or written state. Threshold voltages are measured at 10 micro-

amp.. The abscissa is the read delay time in hours. Hour s are used in-

stead of the device physicist ’s usua l practice of seco nd s, becaus e BORAM
retention is specified In hours. The test conditions and the data presenta-

tion form at were chosen to approximate practical BORAM application conditions.

1—2
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I
TA B LE 1- 1

NI TR IDE T HIC KN ESS FOR LOT 0801 SAMPLE

7.

Sample Nitr ide Nitr ide
Device Ident if icat ion Capacitor Th ickries~
Reference Numhes Measurement Calculation
Number (wafer - packa ge - chin) C

pF

1 2 — lA  16.8 514
— •  2 2 -  lB 17 .0 508

3 2 -2 A  16.6 520
4 2 — 2 B  17 .05 506
5 2— 3A 16.5 523
6 2— 3B 16.9 511
7 2--4A 16.8 514
8 2—4B 17 1  505
9 2—5A 17 .0 508

10 2—5 8 16.7 517
11 10- 1A 16.8 514

- 12 10-- lB 17 .0 508
13 10--2A 17 1 505
14 1O—29 16.9 511
15 10—3A 17.0 508
16 10—38 16.9 511
17 10--4A 16.8 514
18 10-4B 17 .0 508
19 1O_5A 170 508
20 10—5B 17 .0 508

1 . Capacitance measured 17 June 77 by R. Popp.
2. 8632.65/C wh:re C is in picofarads and X~ is n anqstroms.
3. Mean X,, = 511.05 A standard deviation = 4.9 A . maximum X~ 523 A ,

— - minimum X,~ 505 A , range A x4 1 18 A.

770870 TA-2
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The w r i t t e n  s ta te  was established by applying a VGS pulse sequence of +25

volts for 3.6 seconds and -25 volts for 128 microseconds, repeated 16 times.

Ther efore, the t rans is tor  should be in a saturated clear state prior to the

I write pulse. The write is generall y not sufficient  to establish a saturated

low conduction threshold.

Observat ions  of the threshold voltage began at 0. 001 hours (3. 6 seconds)

- - after  termination of the write pulse. Additional measurements were taken

at 0. 01, 0. 1, 1, 2 , 4 . 8, 16 , 32 , 64 , and 128 hours. For individual parts ,

- the observation sequence may have been terminated earlier than 128 hours.

1st the set of 20 devices one t ransis tor  (reference number 10) was found

— to be no nfunctional. Another device (r ef er enc e number 5) exhibited a very
I slow write decay rate. The remai ning 18 parts had reasonably homogenous

- write decay slopes. The situation shown in figure 1-2 is typical. The decay

can be fitted with high precision (correlation coefficient > 0.999) to the fo rm :

VT = 
~~~~ 

log t rd + Viw

— -- r~~ write threshold decay slope (volts/decade)
I )  w

trd read delay time (hours)

V1~~ threshold voltage at 1 hour (volts)

- V
T 

threshold voltage (volts)

[ The decay characteristic from the cleared state is slightly more compli-

I cated . The cleared state was established by a VGS pulse sequence of -25
volts for 3.6 seconds and +25 volt, for 1024 microseconds, repeated 16 times.

Therefore, the t ransistor  should be in a saturated write state prior to appli-

cation of the fina l clea r pulse. As it will be shown later , the 1024 micro-

TI second clear pulse is just adequate to push the threshold into the beginning

of the saturated region for these particular samples.

if After termination of the fina l clear pulse , the threshold voltage was ob-

served at 0.001, 0. 01, 0. 1, 1, 2 , 4, 8, 16 , 32 , 64 and 128 hours. For some

if sample. the observation period was lea: than 128 hours.

.+ , fl
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The reason for inquir ing into the decay character is t ic  of the memory

t r a n s i s t o r  is to gain some insig ht as to how a memory cell will perform.

In a si nplified fashion , it can be said that a two-t ransis tor  cell detects data

by comparing the thresholds of a t rans is tor  which has been cleared to the

threshold of a t ransis tor  tha t has been wri t ten.  Because the t r ansi s to r s  are

physically similar and are  adjacent  to each other in a memory a r r a y ,  the

threshold d i f fe rence  can be estimated by examining the decay character is t ics

of a single transistor .

To facil i tate analysis , it is helpful to define a quantity called the threshold

window. The window is the algebraic difference between the clear decay

curve and the write decay curve . It is a positive quantity until a one and

zero can no longer be distinguished.

V~ = VT (cleared) - VT (written) j
1st the case of the LPCVD samples , both the cleared and writ ten states

for t imes greater  tha n about 1 hour decay linearly with the logarithm of

time. Therefore , the window decay can be expressed as:

V~~~= r ~~~log t~~~ + V 1

window decay rate (volts/decade)

t
rd 

read delay time (ho ur,)

V 1 window voltage at 1 hour (volts)

V~ window voltage (volts)

The clear decay characteristic shown in figur e 1-2 was typical. From *

0. 00 1 hour s until 1 or 2 hours the observed decay rate was quite low. It is

assumed that during this interval the nonmemory portion of the drain-source

protected (DSP) memory transistor is dominating the threshold characteristic.

After the 1- or 2-hour measurement a greater decay rate is observed. It

- - 
I appears that the threshold of the memory portion of the DSP transistor has

become dominant, and can be observed directly. Like the write decay —

1-6
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characteristic , the last portion of the clear decay characteristic can be

fitted with high precision (correlation coefficient >0.999) to the form:

= rVC log trd + V1~;

~~~ 
cleared threshold decay slope (volts/decade)

t d read delay time (hours)

- V
1~ 

threshold voltage at 1 hour (volts)

V T threshold voltage (volts)

From the previous development of the clear and write decay equations,

- - it can be seen that:
I

V i = V ic~~ V iw

For a viable memory cell r
~~ 

is a negative quantity , and V 1 is a positive

j - 
quantity. The window can be plotted as a decreasing straight line in the

first quadrant against  log time, or window values can simply be noted on the

composite clear and write decay curves. On figure 1-2, the V1 value has

been labeled.

Because the BORAM retention goal is 4, 000 hours, it is of interest to note

the window at tha t time. V
4000 is also labeled in figure 1-2.

11 an ideal detector were available (i. e., capable of detecting any difference

greater than zero), the time at which the window clo sed to zero volts would

represent the retention period. This time t (OV) is used by some worker s in

the MNO S field as a retention fi gur e of merit. A companion parameter is
the device threshold voltage value at which the window converges to zero
V ( OV).

ri The detection circuit used in the BORAM 6002 chip can distI nguish 0. 1 volt
I differences. Therefore , the time t (0. 1V) at which the window closes to 0. 1

volts Is a maximum possible retention expectation.

1-7 
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I
In pract ice the two t rans is tors  in a memory cell cannot be identical.

Therefore , some marg in  must be allowed over the detection capability of

the  sense c i rcu i t .  Arb i t r a r i l y  t (0. 3V) has been chosen to approximate a

prac t ica l  retention t ime projection.

Thes e numbers should be interpreted as comparative figures of meri t  -

not as actual statements of in system data re tent ion tim e. The values are

very sensitive to pulse amplitud e and duration , and are prone to be very

adverse  because of testing guard bands with respect to actual use cond itions.

The important aspect of their application is that a standard set of test con-

ditions be employed so that sample comparisons can be meaning ful .

Table 1-2 provides a tabulation of these parameters for the set of 20

samples. Table 1-3 shows the mean an standard deviation for each param-

eter. The uniformity of the characterist ics  was quite remarkable.

1. 1. 3 Pulse Response Characteristics

The pulse response from a saturated state was also explored for the 20

samples from lot 0801. Figure 1-3 shows the write and clear response

characteristic curves for six different pulse amplitudes overlayed on one

graph. The form of these curves was typical of the population.

The so called pulse response curve is a plot of threshold voltage against

the pulsewidth of the applied gate voltage. No rmally, the pulsewidth scale is

logarithmic. This means of displaying the dependance of threshold shift on

pulse duration has come to be common practice. Quantitative values for a

given curve depend on ground rules for the measurements, and these details

must always be clearly stated.

One point on a write pulse response curve is obtained by ini tially shifting - i
the threshold to a saturated clear level , pulsing the gate with a f ixed ampli-

tude and duration write pulse and then measuring the threshold after a

specified time delay. The procedure is repeated with a new pul sewidth to

obtai n additional data points. A clear response curve is similar , except

that the clearing and writing pulses are interchang ed .

1-8
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S
TABLE 1-3

LOT 0801 SAMPLES INITIA L THRESHOLD DECAY STATISTICS

Standard
Pa ramete r Symbol Units Mean Deviat ion

4,

Clear decay rate r
~~c V decade 0 2279 0 0293

W rifr dec~~ ‘a te V’d ecade 0.2897 00668

- 
Window decay ra te  V-dec ade 05 18 0 069
Window at 1 hour V 1 vo lts 36 04 0478

Window at 4000 hour s  V 4000 vol t s 1 735 0 266

Time to 03  volt s window t (03V) hours 2 1E6 1 2 gi 2

Time to O 1 volts window t (0 1V ( hours 2. 7E6 1 2 78 2

Time to O volts window t (OV l hours 9.0E6 1 2 752

Convergence voltage for V (OV ) vol’s — 4 5 0  0 17
0 volts window

1 Mean value of the logarithm of the time values ,
2 Coefficient of va riation a IX which is a numeric

77 - 0870 TA 5

The Westinghous e VT tester gathers thi s automatically and stores in a

memory for recall. The read delay time is 3. 6 seconds. Pulsewidth s follow

the sequence 1, 2 , 4. - . 512 , 1024 microseconds. Thresholds are measured at

a drain current of 10 nticroamperes.

Pulse response is very important to proper operation of memory tran-

m ators in an integrated circuit array. In fact , the previously presented

decay characteristic data actually contains a grea t amount of information

related to pulse response. There the question was , does the memory tran-

sistor exhibit a combination of pulse response (window) and decay slope

compatible with retention objectives.

For the pt lse response characteristic curves more subtile considerations

are involved. It is possible to use this data (in combination with some addi-

tional mea sur ements) to quantif y many of the parameters in device switching

models.

I ~
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I
For the sample of 20 devices only a few of the more salient points of in-

te res t  have been examined. Table 1-4 l ists  the write and clear response of

the samples at the BORAM screening condit ions of 128 microseconds write

and 1024 microseconds clear.  The uniformity  of the sample was impressive.

Device number 5 was really the only maveric.

This table also lists the beta tunneling constants  for wri te  and clear.  The

write beta value was obtained by a curve fit over the 8 to r 4 microsecond data

points. The clear beta value was obtained by a fit over the 2 to lI~ micro-

second data points.

1. 2 HYBRID CIRCUIT THERMAL ANA LYSIS
Knowledge of the temperature rise from the case to the junction is neces-

sary for reliability model calculations.  To provide an upper bound on thermal

resistance a simplified thermal analysis of the 13ORAM memory microcircuit

has been performed.

Figure 1-4 shows the component parts of the microcircuit. Figure 1-5

provides a simplified thermal model of the situation for one MNOS chip.

Only two chips are ever “on ” in a single hybrid circuit. The on - devices

are sufficiently far apart that negligible thermal interaction is expected.

The model assumes that hea t generated at the surface of the silicon chip

will spread in the alumina and kovar. The cross section is estimated by

assuming a 45-degree angle for the spreading beginning at the bottom of the

epoxy die mount.
I Table 1-5 summarizes the conductivity and dimensional assumptions, and

lists thermal resistances for each component of the model . The resulting

numbers are believed to be worst case.

Th. sum of the therma l resistance components associated with one chip

(BORAM 6002 dimensions ) 1. 10. 59°C/watt. In norma l operation two chips

will be dissipating power , and parallel independent heat fLow paths to the

case will exit. Therefore , the maximum therma L resistance predicted I.

5. 3 C , ’watt .

:1
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TABLE 1-4

SOME PULS E RESPONSE PARAMETERS FOR LOT 0801 SAMPLES

Device Write Clear Write Clear
Reference Response Response aV T/aln t~ ôV T/ô lr

~ 
t~

Number 128~vsec t,,,, = 1O24~5sec 
- +VT VT P p

volts volts (volts/decadel/In 10 (volls/decade)/ln 10

1 7 395 2.610 1.27 —1 .07

- - 
2 7.695 2.585 1.21 — 107
3 7.170 2.565 1.32 — 117
4 7.660 2.680 1.22 —1 14
5 4.650 2.615 0.53 — 053

- - 6 7 .540 2.610 1.26 --1 . 13
7 7.630 2.910 1.26 -108
8 7.905 3.010 1.23 — 1 08
9 7 .730 2.700 1 21 —1 .03

- 101 
— - — -

11 7.485 2.815 1.30 —1 .07
12 7.460 2.685 1.27 — 1.08
13 7. 790 2.675 1.20 - 115
14 6.815 2.860 1. 37 —1.19
15 7.715 2.735 1.22 —1 . 12
16 7.380 2.720 - 1.28 — 1 1 3
17 7.815 3.090 1.27 - 110

1 18 7.905 3.080 1.22 -- 108
19 6.950 2.720 1.40 —1 .09
20 6.935 2 740 1.40 -- 1 09

Mean2 7 .499 2.766 1.27 — 1 1 0
Standard2 0.336 0.163 0.06 0.04
Deviation

- 1. Part 10 was nonfunctional
2. Part 5 and 10 were ericluded from the population.

77 0870-TA 7
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Silicon Chip 
~

__
~~~~~ 

Epoxy Die Bond

~~~~~~~~ \ 

‘\“
~
<°

~ Epoxy
/ ~~~~~~~~ Adhesive

- ‘//// // 7/ 7 7/ 7 ///77///7/7//// / 77/

-eJC = ~~~~ 4e epoxy I ‘e alumina ‘eepoxy 2 + ~ kovar

7~~- O66 5- CS- l i

I ;

Figur e 1-5. MNOS BORAM Hybrid Circuit
Simplified Thermal Model

TABLE 1-5

MNOS BORAM HYBRID CIRCUIT THERMAL RESISTANCE COMPONENTS

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

r Thermal Ma erial Effective Thermal
CortductEvay Thickness Cross-Sect,on Resistance

Material K t ( L ) ( I 0
watts/ inch °C ,ncfs es inches2 °C/watt

1 1 Silicon 3.60 0.016 (0.099) (0. 1 28) 0.35
Epoxy 0.025 0.001 (0.099) (0.128) 3.16
Alumina 0.670 0.046 (0.145) (0.174) 2.72
Epoxy 0.020 0.003 (0.194 ) (0.223) 3.47
Kov ar 0.420 0,020 (0.217) (0.246) 0.89

6 = t/K Q ~ 77-0870.TA-8

I
11

1-1 5



1.3 VT TESTER STATUS

The We stinghouse VT tester shown in figur e 1.6 was used extensively

during the past quarter. Examination of test results led to identification of

some lingering circuit problems that have been corrected. Also , some

changes were introduc ed to increase flexibility.

The second quar terly report described the VT tester in some detail. Thi s
unit automatically measures the pulse response and threshold decay charac-

teristic s of one- to eight- transistor samples.

Table 1-6 and figure 1-7 wer e presented in the second qua rterly report 4
as an example of a pulse response measurement. Careful consideration of

these results led to some questions . In the region of the response curve
around 10 microsecond s one would expect a relatively straight line - i. e.,

~ VT in ~~~~ The rounded form of curve was therefore suspect. Oscil-
loscope obser vation of the write pulses revealed that the proper pulsewidths
were not maintained for the short time values.

— -

- - 

Figure 1-6. The Westinghouse VT Tester 
-
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TABLE 1-6

EARLY WRITE PULSE RESPONSE MEASUREMENTS

Write Threshold Voltage VT at 10 MA (Volts )
Pulse -
width Sample Sample Sample
~sec 2838A-1 2838A-2 2838A-3

1 2.995 2.830 2.820
2 3.075 4.185 2.855
4 4.115 6.830 5 095
8 5.060 8.125 6.205

16 5.695 8.885 6.755
32 6.205 9.415 7.100

— 64 6.595 9.785 7 335
128 6.850 10.015 7.485

256 6.975 10.130 7.525
• 512 6.995 10.155 7.495

1024 6.990 10.155 7.465 
—

77-0308-VA-15
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Figure 1-7. Early Write Pu1~ e Resp onse Measurements
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Alter c i rcu i t  correct ions were made , the pulse response  observa t ions

assumed the expected form.  Figure  1-3 under paragraph 1. 1 is an example

of a typical character is t ic .

Af te r  using the VT tester for some time , it  was found to be des i rab le  to

be able to vary the pulse amplitudes for d i f fe ren t  experiments.  The interna l

supplies were disconnected , and a cable was brought  cut to externa l labora-

tory  supplies. A digital brid ge type voltmeter was connected to the supplies

throug h a specia l switch arrang ement to allow the rapid setti ng of accurate

vol tage levels.

Because of this modification , the tables in the second quar te r ly  r eport

present ing the test sequence details need to be updated to show var iab le

voltage levels. Table 1-7 and 1-8 are  the revk sed  tables.

1.4 PRODUCTIO N LIN E DEFINITION

The processing sequence used to produc e the MNOS BORAM hy brid cir-

cuits is defined in figures 1-8 and 1-9. Figure 1-8 treats the processes which

are performed on every hybrid package. Figure 1-9 shows the routing re-

quired for samples taken from the production line for confirmatory sample

and quality conformanc e inspection .

Work station numbers with a letter code prefix appear inside the box for

each operation. An operation number appears at the top rig ht hand side

of each box . Routine quality co ntrol sampling operations are omitted to

avoid complicating the charts.

Station Al  consists of a Presco Model 645 s i lk-screen printer made by

A ffiliated Manufacturers Incorporated . It is located in the Advanced

Tec hnology Laboratories, E module hybrid laboratory.

Work stations AZ , A13 and C7 ar e all located in the Advanced Technology

Laboratories A module vi sua l inspection area . Thi s facility is equipped 
J

with a va r ie ty ofrn eta lur gical and stereomicroscopes and other visual inspec-

tion tools. 
1

1-18 ]
V 

- 

—.



I
.1

T A B L E  1-7

VT TESTER THR ESHOLD DECAY TEST SEQUENCES

TYP E
TEST TEST PROGRAM SEGMENT ELECTRICAL TEST CONDITIONS

Precondition Sequence 1. Write VGS • — X V . 3.6 sec
(repe ated 4 times) 2. Clear VGS = +YV . 1024 jseC

CLEAR
THRESHOLD Decay Time Test Sequence Read VHC threshold at 10 iA for read
DECAY (maximum read delay lime is delay times of 0.00 1 hr . 0.01 hr . 0.1 hr .

se lec ted by the DECAY TIME 1 hr . 2 hr . 4 hr . 8 hr . 16 hr~ 32 hr , 64 hr ,
DURATION switch ) and 128 hr .

Precondition Sequence 1 - Clear VGS = +YV , 3.6 sec
(repeated 4 times) 2. Write VGS = — X V , 128 ~sec

WRITE
THRESHOLD Decay Time Test Sequence Read V HC threshold at 10 A for read
DECAY (maximum read delay time is delay times of 0.001 hr~ 0.01 hr . 0. 1 hr

selec ted by the DECAY TIME 1 hr . 2 hr . 4 hr . 8 hr . 16 hr . 32 hr , 64 hr ,
DURATION Si,, tch and 128 hr .

Note: X and V voltages are adjustable externally 77-0308-VA-9-2

- - 

TABLE 1-8

VT TESTER PULSE RESPONSE TEST SEQUENCES

r ’ TYPE
TEST TEST PROGRAM SEGMENT ELECTRICAL TEST CO NDITIONS

Precondition Sequence t . Write VGS —X V , 3.6 sec
(repeated 3 timesl 2 Clear VGS = +YV 1024 usec

CLEAR ________________________________ ______________________________

PULSE -_________________________________

RESPONSE Response Test Sequence 1. Write VGS • —XV . 3.6 sec
Auto Mode Scanned for 11 value* 2. Clear VGS = +YV . n vsec
ofn ll . 2. 4.8 - 512 . 1024) 3 DeIay 3.6sec

• Manual Mode. Only 1 value of n 4. Read VHC threshold at 10 A
selected by MANUAL PULSEWIOTH
Switch

L Precondition Sequence 1 Clear VGS +YV , 3.6 sec
(repeated 3 timed 2 Write VGS = - -XV , 128 sec

WRITE 
________________________________ ______________________________

PULSE
RESPONSE Response Test Sequence 1. Clear VGS - +Y~l, 3.8 sec

Auto Mode. Scanned for 11 values 2 Write VGS • --Xv , n usec
of n (1,2,4,8...512, 1024). 3. Delay 3.6,ec

Manual Mode: Only 1 value of n 4. Read VLC threshold at 10 MA

fl selected by MANUAL PULSEWIDTH
switch.

Note: X and Y vofta~se .r. sdjustsb)eextern&$y 770309 vA IO.2- UI
1-19
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1 i t
Figur e 1-9. Sample Tests Req ‘ ed by SCS-503 for Confirmatory

Sample and for Quali onfo r inance Inspection

Stations A3 to A9 are located in the east building of the Defense and

Elect ronic Systems Cente r. The centra l  item s of equipment employed at
each station a re  as follows. A3 makes use of a Mod el E-752 die bonder

made by Mech-el Industries. Station A4 uses a Blue-M Electric Company

Power-O-Matic 60 B-3005-6 chamber. A variety of apparatu s is employed
at station A5 for cleaning pa ckages , substrates and preforms. This

includes a Model 8845-6 ultrasoni c cleaner made by Cole-Pa rtner Instru-

1 - ment Company, a Hotpack vacuum oven, cleani ng chemicals, nitrogen

blowoff lines, and glassware.  Station A6 accomplishes substrate to package

at tachment in a system made by CHA Industries. Station A7 uses a computer

controlled wire bonder. The controller was manu.facturered by Caiser

Tool Company to Westinghouse specifications. Bonding programs are
stored on a floppy disc. The controlled bonder is a K&S Model 478. Package

leads are cut to size at station A8 using equipment made by Owa tonna Tool

1-21
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Company. Station A9, is equipped with several American Optical and

Bausch and Lomb microscopes for visua l inspection of the hy brid. (
Operations 10 and 13 and 23 to 26 are accomplished at the Ad vanced

Technology Laboratories. Stations A l O  and A l l  are in the MNOS lab in D

module, The electrical test is accompli shed using special microprocessor

controlled test equipment . The pr econditioning stress is also accomplished

by microprocessor equipment. Station A 12 is located in the A module.

The principal equipment which forms A12 is a Macrodata 154 automatic test

system. Burn-in is performed at station C6 in the C module environmental

lab using a Blue-M model FOM246 E oven.

Operations 14 to 22 are  performed in the east buildi ng of the Defense

and Electroni c Systems Center. Stations A 14 and A 15 r:iake use of cleaning

chemicals. A 15 uses a Cole-Partner ultrasonic cleaner Mod el 8845-6.

Packages are  sealed at A16 using Model 6FP4 automatic sealer made by

Research Instrument Company. Lead s are  formed at Al7  by a press made

by Owatonna Tool Company. At Cl , the stabilization bake is performed in

a Hotpack Model 1258-3 oven. A Standard Environmental System Incorpo rated

Model LHTS/ l 5H chamber is us ed at station C2 for temperature cy cling .

At C3, fine leaks are detected using a Norton mass spectrometer Model

925. Gross leak check at station C4 uses a Trio-Tech Incorporated Model

A-481.  Packages are marked at CS using a Markem Mod el 1300.

The sample operations shown in figur e 1-8 use some of the equipment

previously described. Stations Sl , S2 and S3 are located n the Product

Qualification Laboratory. Thi s facility performs environmental , qualification,

reliability , sampling and development tests for all divisions of the Defense

and Electronic Systems Center , and is fully Instrum ented for mechanical

shock, variable vibration , and constant acceleration testing .

1.5 PRODUCTION ACTIVITY

Duri ng the fourth quarter of effort , all of the chips necessary to provide

the second set of engineering samples and the confirmatory samples wer e

1-22
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produced. Initia l yield experience was gained with the 6002 device. Experi-

ments  wi th  computer control led wire bonding of the hybrid were encouraging .

1. 5. 1 BORAM 6002 Production

BORAM 6002 dice for eng ineering samples and conf i rmatory  samples were

produced on two-inch wafe r s .  Table 1-9 summarizes the wafer and die pro-

duction. Table 1—10 presents  the y ield experience . These die were tested

using a 200 microsecond clear  and 100 microsecond wri te  criter ia , and a 2. 5

msec clear and 1 msec wri te . The bulk of the population was found to qualify

to a 1 macc clea r and ZOO microsecond write criteria. Sawing and visua l

yield. are omitted because many of the parts are being retained in wafe r form

until hybrid assembly is ready to begin.

As a f i r s t  effort  the prod uction resu l t s  were encouraging. Previous efforts

with the 6000C chip resulted in 1090 functiona l die from 727 wafers,  or about

1. 5 die per wafe r start. For the initial 6002 chip. 1178 die were obta ined

from 110 wafers , or about 11 die per wafe r start .

TABLE 1-9

INITIAL BORAM 6002 PRODUCTION SUMMARY

I tem Produced Quantity

Wafers Started 110
— 

1 
Wafers Completed 69
Chips Completed 1178

77-0870-TA-9
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TABLE 1-10

INITIA L BORAM 6002 YIELD EXPERIENCE

Targe t Actual
Yield Component Symbol Yield Yield

Process Yield Yw 0 70 0 63

Probe Yield V 7 0.10 009

- Overall Yield V 0.07 006

77-0870-TA- b

(

The 6002 yield was depressed by a problem with P+ diffusion uniformity
and by some contact problem.. Probe test experience reflected these diff i—
culties , and yields per wafer were broadly scattered. A. happened with the
6000C , the 6002 yield is expected to rise sharply after an initial learning

period.

In expectation of start-up difficulties a modest goal of 0. 10 was set for the
6002 probe yield. Mathematical models predict that an average yield of 0. 38
is obtainable. Actual experience showed 26 wafers tha t exceeded the 0.10
goal. The highest yield was 62 dIe on a single two-inch wafer , or about 0. 32.
1.5. 2 Wirebonding Progress

Potentially the largest labor content item associated with the production
of the hybrid circuit is wire bonding. With 16 chIps in a package about 528

bond s (264 wires) must be made. To reduce the labor cost , to improve r e-
liability , and to increase producti on throug hput computer controlled bonding

of the BORAM hybrid Is being developed .

The Westinghous e auto ma ti c wir ebonder consists of an ultrasoni c bonder ,

master console , a disk memory, an operators control pendant and a power

1—2 4
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supply . Programming and bonding is accomplished from the mas ter  control

I console. A microprocessor  d i rec ts  the automati c operations. The bonding

program is stored on the disk memory.

f Initial bonding experiments with BORAM substrates have been successful.

Automatic bonding of the 16 chips has been achieved . Hundreds of test bond s

1 have been made and destructively pulled . The results indicate good bond

integr i ty .  The pr imary failur e mode was wire breaks.

It appears tha t the use of computer controlled bonding will offer significa nt

throug hput advantages over manual bonding. Initial data indicates that a

I single automatic sta tion can bond at least six times faster tha n a manual

station. In addition , one operator can easily cont rol two automatic stations.

I
r

I
I
I
I
I

.
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2. CONCLUSIONS

The introduction of LPCVD nitride has greatly improved the uniformity

of device characteristics. Emb ryo production experience with the new 6002
chip has already surpassed yield levels achieved with the more mature 6000C.
Chip production requiren’e nts for engineering and confirmatory samples have
been met. The hybrid circuit production line has been completely defined, and

detailed implementation is underway.

The major problem area for the project continues to center around test

development, and the time required for proper evaluation of product and
process alternatives. During the next two quarters these issues will be the
prima ry focus of the enginee ring effo rt.
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3. PROGRA M FOR NEX T INTERVAL

The prima ry task during the next quarter is the detailed design of the test

[ stations required for hybrid circuit production. Evaluation of process results

using transistor structures will be another priority task. The assembly of

the engineering sample hybrids will also be accomplished.
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F 4. PUBLICATIONS AND REPORTS

During the past qua rte r there we re no publications derived di rectly

from this contract effort.
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5. IDENTIFICATION OF TECHNICIA NS

The following key engineers and management personnel were employed

- on the BORA M manufacturing methods project during April, May and June

- of 1977.

Technician Manhours

3. B rewer 376

R. Popp 312
I ~ M. Pecke ra r 12

C. Walvogel 64

T. O’Donnell 36

P. Smith 178

L. Epstein 53

F’
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( Mr. D. Biser) ATTN : AMXAM
Fort Monrnouth , NJ 07703 Washington , DC 20315

Commanding Qeneral 1 Commanding General
US A r m y  Materiel Command US Army Missile Command
ATTN : AMCRD-R ATTN: AMSMI-RFG (Mr.  N. Bell)
5001 Eisenhower Blvd Redstone Arsenal , AL 35809
Alexandria , VA 22304

Advisory Gp or’ Electron Devices
Comman~ding Officer 1 201 Varick Street , 9th Floor
Harry  Diamond Laboratorie s New Yor k, NY 10014
ATTN: AMXDO-RCB
( Mr. Ne marich) Spe r ry  Rand Resea rch  Center
Washington. DC 20438 ATTN : Dr. H. Van De Vaart

100 North Road
Autonetics 1 Sudbury, MA 01776
Division of North American
Rockwell Mr. R. Weglein
ATTN: Dr. G. R. Pulliam Hug hes Research  Laboratorie s
P.O. Box 4173 3011 Malibu Canyon Road
3370 Mir aloma Avenue Malibu , CA, 09265
Anaheim, CA 92803

Stanford Research  Institute
Westi nghouse Electric Corp I ATTN: Dr. A. Bahr
Research and Development Center Menlo Park , CA 94025
ATTN: Dr. J. DeKlerk
Beuiah Road
Pittsbur gh , PA 15235
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Addr essee  Addres see Qty

F Director 1 Mr.  Jame s Doy le
Defense Communications A gency General Electric Defense
Technical Library  Center  Electronics Division
Code 205 (P. A. Tolovi) Utica , NY 13503
Washingron , DC 20305

Dr. Andrew Tickl
Mr.  Jack Kilby 1 Nitron Corporat ion
5924 Royal Lane 10420 Bubb Road
Suite 150 Cuper t ino , CA 95014
Dallas , TX 75230

Dr. P a t r i c k J .  Vail
- 

Institute Defense Analysis RADC/ ETSD,  Stop 30
- Arlington , VA 22209 Hansom AFB, MA 01731

Commande r 1 Naval Electronic Laboratory Ctr
Har ry  Diamond Laboratorie s AT TN ; Mr.  C. E. Holland, Jr .

- 
AT TN: Mr. A. J. Baba Code 4300
2800 Pow~ er Mill Rd. San Diego, CA 92152
Adelphi , MD 20783

Commander
I Dr. Gerald B. Herzog 1 RADC

Solid State Technology Cente r ATTN : RBRM/Mr . J. Brauer
- .  RCA David Sarnoff Research Ctr Griff iss  AFB , NY 1344 1

Princeton, NJ 08540
Dr. George E. Smith

Mr. Harold D. Toombs 1 Bell Telephone Laboratories, Inc

I - Texa s Instruments , Inc . Room 2A323
P.O. Box 5012 Murray  Hill , NJ 07974
Dallas , TX 75222

- { Commander 2
• AFAL/TEA 1 US Army Electr onics Command

kTTN: Fri tz  Schuermeyer ATTN: DRSEL-TL-ID (H. Mette)
Wright-Patterson AFB, OH Fort Monmouth, NJ 07703

- 454 33
Naval Air Development Cente r

- Naval Ordnance Lab 1 ATTN: R oman Fedorak Code 2071
A TTN : Mr. Frederick E. Warnock Warrninster , PA 19067
White Oak , MD 20910

COMM/ADP Lab, ECOM
COMM/AD? Lab, ECOM 1 ATTN: DRSEL-NL-BP-1

ri ATTN: DRSEL-NL-BP Mr. David R. Hadden , Jr.
I Mr. David Haratz Fort Monmouth, NJ 07703

Fort Monmouth, NJ 07 703

6-3

-w -



Addressee  ~~~~ Addressee
Dr. H.A. R. Wegener I Director Ni ght Vision Lab
Spe r ry  Rand Research  Center USAECOM
Sudbury,  MA 01776 ATTN: DRSEL-NV-II

Mr . Joseph Martino
Mr.  F. B. Micheletti I Fort Belvoir , VA 22060
Electronics Research Division
Rockwell International Naval Research  Laboratory
3370 Miraloma Avenue ATTN : Dr. David F. Barbe
Anaheim, CA 92803 Code 5260

4555 Overlook Ave. ,  SW
Mr.  W. H. Dodson 1 Washington , DC 20375

Sandia Laboratories
Div 2116 Mr . Chuck Betz
Albuquerque , NM 87115 Sperry  Univac Defense Systems

Division
Carmine J. Salvo 1 St. Paul , MN 55165
Rome Air Development Center
Gri f f i ss  AFB , NY 1344 1 Fairchild Semiconductor Re- search I

& Development Laboratory
Dr. Barry Dunbr id ge I ATTN: Dr. Jame s M. Earl y
TWR Systems Group 4001 Miranda Ave.
One Space Park Palo Alto , CA 10504
Redondo Beach , CA 90278

Commander
Naval Research Laboratories 1 Air Force Avionics Lab AV TM
AT TN: L. Palkuti , Code 5216 ATTN: Dr. Ronald Belt
Washington, DC 20375 Wright-Patterson AFB, OH 45433

General Electric Co. I Naval Air Test Center
Research & Development Center ATTN: SY-43 /SETD
ATTN: Dr. J. J. Tiemann Mr. James McIntyre
Schenectady, NY 12305 Patuxent Rive r, MD20670

Marketing Department I Dr. Yukon Hsia
Bell-Northern Research Ltd. Actron
P. O. Box 3511 , Station C 700 Royal Oaks Drive
Ottawa , Canada KIY 4Ff? Monrovia, CA 91016

Reliability Analysis Cente r 1
RADC (RBRAC)
ATTN : I. L. Krula c
Griffiss AFB , NY 1344 1
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