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SECTION i 

I - *  1. INTRODUCTION 

1.1 ADulication 

A h i g h - ~ a i n ,  h igh - s t ab i l i t y  d i r ec t  current  amplif ier  designed f o r  use 

i n  Saturn i n s t r ~ ~ m c n t a t i o n  and con t ro l  c i r c u i t r y  presented some i n t e r e s t -  

ing problem when attempts were made t o  achieve s i z e  reduction through 

t h e  appl icat ion of inteiirnted c i r c u i t  techniques. 

resistants tolerance reuuirernents a r e  well beyond the  s t a t e  of t h e  mono- 

l i t h i c  a r t .  

Voltage l e v e l s  and 

Advanced techniques were required, however, t o  assure  

minimum volume, weight and paver consumption. 

t o  combine various as?scts  of' zhir  f i l n  and hybrid chip technologies. 

It was therefore  proposed 

The George C .  Marshall Space Flight Center of the  National Aeronautics 

and Space Administration awarded a cont rac t  t o  Motorola, Inc. Aerosgace 

Center f o r  t he  development ani; f a b r i c a t i o n  of prototype and p i l o t  pro- 

duction models of such an assembly. 

repor t  of  wor!t done on t h e t  contract ,  and i t s  modifications. 

supplied t o  IJASA on t h e  cmt,:.act were intended f o r  evaluation only. 

Potential aml ica t ionn  j zt iC( 'e  P.T~~I'OUS uses i n  t h e  t r i p l e  redundant 

c i r c u i t r y  o f  the T a f u r r !  :J L Y Y C ~  V+:5icle f o r  Auollo and i n  t h e  Orbi t ing 

This document cons t i t u t e s  t h e  f i n a l  

Systems 

m - t l ? 3 C O ? C .  

Within t h e  S.?turn Systen!, t h e s e  assecSlies a r e  used i n  a corn2uter f o r  

operation o f  t he  hydral.3.c ~~: .2 in?  ccr i t ro l s ,  and a r e  t h e  l a s t  link between 

man and machine. S i x e  f a l l ~ . r c : s  hcre cannot be over-ridden by t h e  p i l o t ,  

t h e  case for extrerLel:i r c l? . i~ '~ . l e . .  c i r c u i t r y  needs no f u r t h e r  j u s t i f i c a t i o n .  

I'fotorola has enclcaxvored t o  YJ:):>I~ t k e  required l e v e l  of  r e l i a b i l i t y ,  and 

a s i g n i f i c a n t  der;ree o f  S::L:CI"SS ?as ach5rtvt.d. 

fir:& t o  be overcrjvie ai? 2 {cc!qjl-e :e illt:ri!:!n~i:;tration of r e l i a b i l i t y  must be 

accomplished at 8 l a t e r  ti1r.c.:. 

Extensive prob1err.s had 



1.2 Circuit Desc r ip t ion  

The c i r c u i t  involved 

duced h e r e  a s  F igure  

c o n t r a c t u a l  doctlment 

D r i f t :  Naxinum 

was s p e c i f i e d  by NASA schematic  SOM32393, repro-  

1, and by des iqn  g o a l s  which were s p e c i f i e d  i n  t h e  

a s  shown i n  Table  I. 

input, cirift of  1 mv over  t h e  tempera ture  range 
o f  -55°C t o  1 2 5 ° C  with: 
= SOOK Q an6 t h e  i n p n t  shor ted .  
external  t o  temperature chamber. ) 

R i q  = Rin2 - SOK S2, R f l  = gfz 
(Sca l ing  r e s i s t o r s  

Power Consunption: Quiescent condi t ion :  .5 watt. Max. i n p u t  s i g n a l  
(sic Q load): l.)i wair.ts (This power is measured a t  t h e  i n p u t  
t o  the pcwer suppiy.) 

Output Voltage Swlnp,: 90 volts peak t o  peak with 29 ma output 
c i i r ren t .  

Outnut Impedance: (Same c o n d i t i o n s  g iven  under d r i f t  specifica- 
Less than ZCOQ over  t h e  l i n e a r  range  of 0 t o  245 t i o n s ) .  

v o l t s  with SK Q l o a d  t o  no load. 

Power Su7Dl-y Regulation: 59 tl.5 v o l t s  w i th  i n p u t  l i n e  v o l t a g e s  
of 22 to 32 VM;, with load v a r i a t i o n s  from 3 t o  1 2  ma, 
and temperatwe var5atio:ls of  -Ss"C to +125*C. 

Phase S h i f t :  Not ::i;3re than  1.5' degrees  lag a t  5 cps, Rf = TOOK. 

B a s i c a l l y ,  t h e  c i -cui t .  i..s c c ~ n x s d  of a fully d i f f e ren t i a l  DC a m p l i f i e r  

and i t s  r e g u l a t e d  power stmpI.2. The a n p l i f i e r  contains three v o l t a g e  

a m p l i f i c a t i o n  s t a g e s  plus ar, o l ~ t , n ~ . t .  d r i v e r  s t a g e .  

imates 1.0 m i l l i o n  (130 61)). Ir ,nut and o u t p u t  are f l o a t i n g  w i t h  common 

mode r c , j cc t ion  of  a b o c t  h!: db, and a nominal i n p u t  impedance of  lOOK Q. 

Any feedback f o r  t h e  tutal n m ; . r l f f i * r  is aclectcd externally t o  thFa 

assembly t o  pcrrnit i t s  use in a wtde var i e ty  of a p p l i c a t i o n s  incluc?ing 

o p e r a t i o n a l  amplifiers. l ) e ~ ? i m l i r i y  c a p a c i t o r s  a r e  inc luded  i n  o v e r a l l  

feedback and a r o l l - o f f  c?p:iri tor i~ j v  f:luded i n  t h e  f irst  a m p l i f i c a t i o n  

Open loop  ga in  approx- 

s t a g e  t o  supnress  D . ? r n s i ' t i c  (>:3ci?I-:{,j o r $ ,  
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The first s tage was designed f o r  maximum gain with components specifi-  

c a l l y  chosen and matched f o r  mininlum d i f f e r e n t i a l  d r i f t .  A constant 

current  sotiice i n  t h e  emitters provides common mode at tenuat ion and 

maintains precise  operating current.  

provides a low input  inpedancc: and a hiEh vol tage gain. 

The absence of emi t te r  r e s i s t o r s  

I n  order t o  

take  advantage of t h i s  h i g h  gain,  t h e  load impedance presented by t h e  

second s tage is kept high eve2 a t  t h e  expense of some gain. 

gain s tage has some degeneration i n  order t o  permit t h e  second s t age  t o  

The t h i r d  

have voltage gain. Corrinon mode feedback from t h e  t h i r d  s t age  i s  used f o r  

temperature compensation, t o  provide b i a s  s t a b i l i t y  i n  t h e  t h i r d  gain 

s tage,  and t o  s e t  t h e  common mode output vol tage from t h e  driver s t age  

by comparing t h e  t h i r d  stage emi t te r  vol tage with a voltage divider .  

The output d r ive r  s t age  i s  of a complementary na ture  i n  order  t o  d r i v e  

t h e  an t ic ipa ted  load  with the fuil voltage swing without excessive power 

d iss iFa t ion  i n  t h e  amplif ier  i t s e l f .  1 

'The power supply cons is t s  of a TIC t o  DC converter and regulator .  

converter i s  a symmdricc71 ? ish-pul l ,  magnetic-coupled v ibra tor  operating 

The 

a t  100 Kcps. Smail feedjsck Yfi5nding:s on the . squa re  loop transformer 

su??ply t h e  energy n e c e s s a r y  t o  s c s t a in  t h e  o s c i l l a t i o n s  a s  t h e  f u l l  

input  vo l taee  appears s l t e r m t n l y  ac ross  the two sec t ions  of  t h e  primary 

winding. The square-wave i s  s"vepped up i n  t h e  transformer and r e c t i f i e d  

i n  t h e  f u l l  wave br idge ;  %her, l r i l t e r ed  of  spikes  and noise. 

Powsr supply regulat ion i s  slchieved by a passing t r a n s i s t o r  i n  t h e  nega- 

t i v e  l e g  and a feedback nnpl i f le r .  

cu t t i ng  of f  t h e  ampl i f f c r  f a r  reduced output  voltage.  

base cur ren t  from t h e  passir:,: t r a o s i s t o r  t o  pro tec t  it agains t  excessive 

Dower d iss ipa t ion  i n  hi:h 2 O ~ C !  s l t i ~ ? + , i o n s .  

Current l imi t ing  is  provided by 

This removes 



1 * '  2. CIRCUIT DEVELOPMENT 

SECTION 2 

2.1 Power Supply 

Although the  c i r c u i t  was operational when furnished t o  Motorola, c e r t a i n  

changes were des i r ab le  t o  f a c i l i t a t e  t he  conversion of t he  c i r c u i t  t o  

t h i n  f i l m s ,  and a small  amount o f  f i n a l  development was requested f o r  t h e  

power supply t o  assure  good s t a r t i ng  cha rac t e r i s t i c s  and improved eff ic iency.  

Input c o i l  U was de le ted  j u s t  p r i o r  t o  cont rac t  award as not e s s e n t i a l  

t o  t h e  suppression of EiFI on the 28 v o l t  power source and i n  t h e  i n t e r e s t  

o f  volume reduction. 

1 
1 
I 
I 
I 
I 
I 
I 

The o s c i l l a t o r  devices o r i c h a l l g  selected were 2N2034's. 

of  t h a t  device is t h a t  it i s  a di f fused  junction device and general ly  only 

planar devices lend themselves r e a d i l y  t o  hybrid chip assembly techniques 

such as  were proposed f o r  t h i s  system. 2N2@3k1s also t y p i c a l l y  exh ib i t  a 

r a the r  low alpha cutoff freqomcy (1.0 mc), with a t y p i c a l  turn-off time 

a s  long as 3 micro seconds. The 2N3501 is  a f a s t e r  device (150 mc) and has 

a t yp ica l  storage time of 300 nanoseconds. It is  a planar  device and has a 

somewhat higher hfc. 

60 vo l t s .  

2N657A, was a l so  change2 t o  a 2N3S01 t o  obtain t h e  advantages o f  a planar 

device and t o  reduce t h e  number o f  device types used. 

i n  t he  osc i l la tor -emi t te r  circcit vas found t o  be unnecessary and removed. 

One disadvantage 

Coth d x i c x s  have a col lector-emit ter  breakdown of 

The regula tor  passin< trmsistor,  o r i g i n a l l y  selected a s  a 

A 1.SK Q r e s i s t o r  

Original ly ,  the  osci l l .a tor  was designed t o  operate a t  hXC, but was changed 

t o  lOOKC p r i o r  t o  t h e  time t h e  contract  was awarded t o  Motorola. It was 

then necessary t o  c)lanqe t h e  di.cdcs i n  t h e  f u l l  wave bridge i n  order t o  

g e t  f a s t e r  switchin? spl?cds. I n  o r d e r  t o  reduce t h e  quant i ty  of d i f f e ren t  

parts required,  an2 tq s l n ~ l 5 f . y  n - ;-.-\bly and v i s u a l  inspection, a l l  diodes 
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(other  than t h e  zeners) were changed t o  lN43ll*s. A metal l iz inff  com- 

p a t i b i l i t y  problem arose w i t h  this device, however, s ince  t h e  top elec- 

t rode was metal l ized with a r e l a t i v e l y  l a r g e  s i l v e r  button, and the re  

had been no e v c r i e n c e  with ul t rasonic  bonds t o  s i l v e r  a t  t h a t  time . :  . , .  

within Motorola. 

j e c t ,  bu t  seemed t o  ind ica te  t h a t  it was possible  t o  make a s a t i s f a c t o r y  

u l t rasonic  bond between aluminum wire and a s i l v e r  pad. A weld schedule 

Available l i t e r a t u r e  2y3 was ra the r  vague on t h e  sub- 

was developed and a quant i ty  o f  t e s t  bonds were evaluated and judged 

sa t i s fac tory .  Later,  during t e s t s  of prototype systems, these bonds 

Secame t h e  objec t  o f  considerable doubt as t o  t h e i r  r e l i a b i l i t y  as a 

r e s u l t  of  bonds occasionally l i f t i n g  up a t  t h e  s i l ve r .  

These bonds were a l l  good a t  one time and had been centr i fuged a t  l&,OOO 

GIs, but  when they  ul t imately f a i l e d ,  t h e r e  was very l i t t l e ,  if any, o f  

t h e  c h a r a c t e r i s t i c  deformation evident t o  high power microscopic inspec- 

t ion .  It was concluded t h a t  the  most probable explanation was t h a t  t h e  

re la t$ve ly  so f t  s i lver  was absorbing t h e  u l t rasonic  energy much as a 

spring would do, resu l t ing  i n  weaker bonds. 

t h i s ,  t h e  bonding schedule was changed t o  increase  t h e  energy l eve l ,  

I n  an attempt t o  overcome 

which a l so  required a l a r g e r  wire size. Although a r e l a t i v e l y  small 

number of bonds were made w i t h  t h i s  .002" wire, no f a i l u r e s  were observed. 

Attempts were made t o  obtain a s i m i l a r  device without s i l v e r  metall izing. 

It was determined t h a t  such e device was available from t h e  same supplier 

(Transitron),  but  with only 8 30 v o l t  peak inverse r a t ing .  

same time, a somewhat s imi l a r  device was re leased by Motorola Semiconductor 

At about t h e  

Products Division. This device, t h e  MSD6100, i s  a triangular-shaped chip 

with th ree  common cathode planar ,junctions on it. Discre te  samples were 

obtained and tested i n  the Sreadboards of both t h e  amplif ier  and t h e  

power supply, a t  room temperature and a t  temperature extremes. I n  t h e  

ampl i f i e r ,  d i o d e s  were chnnreci i.n one side only t o  he lp  point  out any 

\ 
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var ia t ions .  No s ign i f i can t  v a r i a t i o n s  were observed. A t  about t h i s  

same time, some Transi t ron 1N4311 chips with aluminum anode metal l iz ing 

were made ava i lab le  f o r  evaluation. The 30 v o l t  r a t ing  was found t o  be 

qu i t e  conservative, and t h e  devices were t y p i c a l l y  good f o r  over 95 v o l t s ,  

as were the  r 1 ~ 6 1 0 0 t ~ .  

hindered by f a u l t y  backing on some of t h e  1N4311 chips; however, ‘it is 

Unfortunately, t h e  value of these  tests was 

assumed t h a t  e i t h e r  device would be genera l ly  useful. 

Because of t h e  increase i n  o s c i l l a t o r  frequency, it was permissible t o  

reduce t h e  two f i l t e r  capaci tors  from 4J.f t o  .Gf, permitt ing a s i g n i f i -  

cant  reduction i n  s i z e  o f  these components which it was recognized would 

have t o  remain i n  d i s c r e t e  form. The 4.7pf capac i tor  across  t h e  input  

terminals  was also reduced i n  s i z e  t o  t h e  l a r g e s t  value t h a t  could be 

obtained i n  a compatible case s ize .  One vendor had a catalog item which 

was spec i f ied  as 3.5pf. Later, experience indicated t h a t  performance of 

these p a r t s  was marginal and t h e  value respecif ied t o  2.7Gf. A s e r i e s  

of  t es t s  indicated t h a t  t o  assure s t a r t i n g  of the o s c i l l a t o r  under a l l  
* 

conditions,  t h e  2SK 52 r e s i s t o r  i n  the  input  should be shunted by a 1500 

picofarad capaci tor ,  and hfe o f  t he  o s c i l l a t o r  t r a n s i s t o r s  should be 

held a t  a minimum of 90. 

The amplif ier  vas redesigned t o  operate a t  a s l i g h t l y  lower supply 

voltage t o  improve efficiency and t o  assure  operation below the  60 vo l t  

breakdown r a t i n g  o f  t h e  t r ans i s to r s .  The’de ta i l s  o f  t h i s  redesign w i l l  

be discussed below, but the  matter is mentioned now f o r  i t s  impact on 

t h e  power supply redesipn. The redesiqned amplif ier  operates down t o  

about 52 v o l t s  co l l ec to r  supply,  and t h e  power supply appeared t o  have 

an overa1.l regulat ion of  about 3 vo l t s .  For this reason, a 54 v o l t  

c o l l e c t o r  supply was s p e c i f i e d ,  and  t5e transformer secondary t u r n s  

r a t i o  modified accordincly. 

I 
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The zener reference diode used f o r  the  regulator  amplif ier  stage was 

changed from an S-3727 t o  a 1Nh776A f o r  lower c&ent, better regulat ion 

and smaller size. The r e s i s t o r s  i n  t h e  amplif ier  emi t te r  were changed 

from 6 0 ~  SZ to 80K 52 t o  reduce the  cur ren t  through the reference zener 

and improve efficiency. A diode o r i g i n a l l y  i n  series wi th  the reference 

zener was removed to improve temperature regula t ion  of the power supply. 

Temperature regulat ion is shown i n  Figure 2 p r i o r  t o  removal of th i s  

diode, and i n  Figure 3 a f t e r  i t s  removal. Because of t h e  removal of 

t h i s  diode, and because o f  t h e  change o f  t h e  des i red  output voltage,  

the r e s i s t i v e  d iv ide r  f o r  t h e  amplif ier  base vol tage was also altered. 

A s tudy  of t h e  sho r t  c i r c u i t  p ro tec t ion  provided by t h e  zener  diode from 

the emitter 'of t he  amplifier t o  the supply output indicated t h a t  t h e  

p a r t  was not  necessary. 

bu t  it was included i n  some o f  the  e a r l y  prototypes. 

sho r t  circuit  data  taken. 

It was deleted on systems made a f t e r  t he  study, 

Figure 4 shows t h e  . 

Forwarc! diodes were added .in t h e  emi t te rs  of the o s c i l l a t o r s  t o  prevent 

des t ruc t ion  of the o s c i l l a t o r  t r a n s i s t o r s  by cont inual  A v e r s e  breakdown 

of t he  base-emitter junct ion i n  t h e  cutoff  condition. A feedback signal  

l a rge  enough t o  assure good turnoff  under a l l  combinations o f  operating 

conditions (load, input  voltage ar?d temperature) w i l l  a l so  exceed the  

' B w  r a t i n g  for other  combinations of operating conditions and w i l l  

eventual ly  cause t h e  device t o  fail. 

all eff ic iency can be seen in Table 11. 

The e f f e c t  o f  these  p a r t s  on over- 

It should be noted t h a t  this was 

not a problem until the oscillator was redesigned f o r  2N3501's, which have 

a B V F , ~  r a t i n g  of about half  t h a t  of t ho  2N2O3&. 
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- 50 0' + 50 + 100 
TEMPERATURE "C 

INPUT VOLTAGE 
Q + 3 2 V  
0 + 2 8 V  
B + 2 2 v  

F I G U R E  2 

D C AMPLIFIER POWER SUPPLY REGULATION FOR VARIOUS 
INPUT VOLTAGES, LOADS AND T E M P E R A T U R E S ,  

. $  
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- 50 0 + 50 
TEMPERATURE "C 

+ 100 

FIGURE 3 

D C AMPLIFIER POWER SUPPLY REGULATION FOR VARIOUS 

LOAD AND TEMPERATURE CONDtTlONS 
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FIGURE 4 

CURVES SHOWING THE POWER DISSIPATED’ 

I N  THE PASSING TRANSISTOR AS A 
FUNCTION OF LOAD. 

0 
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No Load I SK D Load Condition 

No emitter diodes o r  bases 
Diodes i n  bases 
1N61rY's i n  emit ters  
1Nk31l1s i n  emitters 

9.6 ma 
9.8 
9.4 
9.5 

46 ma 
46.2 
45.5 
45.6 

1 1 I 

The two 50 S2 r e s i s t o r s  para l le led  i n  the regula tor  return l e g  were 

changed t o  a s i n g l e  15 51 resistor t o  improve regulat ion o f  t h e  new cir- 

cu i t .  

28 volt input  l i n e ,  and a coupling capaci tor  was added between t h e  power 

Two i s o l a t i o n  capaci tors  were added between case  ground and t h e  

supply output return and t h e  input re turn  as an AC ground. 

Well i n t o  t h e  f ab r i ca t ion  of  t he  prototype systems, a g r e a t  dea l  of 

d i f f i c u l t y  was encowntered with t h e  2N2907A devices used throughout 

both the  power supply and amplifier.  

t h e  problem was one of  contamination of devices which had remained i n  

s torage and/or processing f o r  an extended period; however, wash and bake 

processes which normally cor rec t  contamination problems were not  success- 

It was i n i t i a l l y  believed t h a t  

ful. More de ta i l ed  invest igat ions indicated t h a t  t h e  f a i l u r e s  were being 

caused i n  t h e  u l t rasonic  wire bonding process. 

devices was too smai l  and de l i ca t e  f o r  the energy l e v e l s  involved. 

The geometry of t h e  

I n  

soms cases where t h e  device was not destroyed during wire bonding, t h e  

passivat ion layer  was damaged t o  t h e  ex ten t  t h a t  contamination would 

cause f a i l u r e  later, but could not be adequately corrected by cleaning 

processes. The problem did not arise ir. e a r l i e r  assembly because t h e  

energy l eve l s  used i n  the ul t rasonic  bonding were lower and not a s  

reliable. A good so lu t ion  t o  the problem scenicd t o  be t o  convert t o  a 

2N2605 which is very near ly  the sane as t h e  2N2307A except for poorer 
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high frequency cha rac t e r i s t i c s  which a r c  not  required f o r  t h e  D C 

Amplifier. The geometry of t h e  2N2605 is l a r g e  enough t o  prevent 

damage t o  t h e  chip during die bonding. 

wire bonding and i s  made wi th  aluminum metall izing. 

gold metall ized and does not bond as r e a d i l y  t o  aluminum metall izing. 

The 2N2605 i s  a c t u a l l y  considered complementary t o  t h e  2N2484. 

It also has l a r g e r  pads fo r  

The 2N2907A i s  

The schematic of t h e  modified power supply 5s shown i n  Figure 5. 

The r e s u l t a n t  power supply is  simple, qu i t e  e f f i c i e n t  (see Figure 6) 

and compact. 

some appl icat ion,  t h i s  could r ead i ly  be done. 

' 

Should it bo des i rab le  t o  use t h e  power supply alone f o r  

A minor charge t o  make 

a new pinch-off t o o l  f o r  cu t t ing  t h e  cover t o  i t s  co r rec t  height  would 

permit t h e  c i r c u i t  t o  be placed i n  a lower package measuring .8O'x .83 x. -31 

fnches t a l l .  

2.2 Arnplif i e r  

Most of t h e  changes t h a t  were made i n  t h e  amplifier c i r cu i t  were f o r  t h e  

purpose of permit t ing t h e  circuit  t o  operate s a t i s f a c t o r i l y  on a lower 

co l l ec to r  supply voltage.  The advantages of such a modification are a 

more e f f i c i e n t  power supply and a lower col lector-emit ter  breakdown 

reqvirement on t h e  devices. 

60.5 which leaves  l i t t l e  s a f e t y  margin on devices r a t ed  a t  60 v o l t s .  

The o r i g i n a l  spec i f i ca t ion  was f o r  57.5 t o .  

To permit operation on a nominal S/J vo l t  supply, t h e  PNP's in t h e  out- 

pu t  d r ive r  s tage  were changed t o  Darlingtons f o r  g r e a t e r  cur ren t  ampli- 

f ica t ion .  

/ 

As a p a r t  of t h i s  change, another compensating diode was added 

t o  each c o l l e c t o r  of t h e  th i rd  stage,  and t h e  c o l l e c t o r  r e s i s t o r s  were 

doubled. 

raised a t  t h a t  t i m e .  

The common mode r e s i s t o r  i n  the t h i r d  strr-t" cmi t ta r  was a l s o  
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Matched pa i r s  f o r  t h e  gain s tages  presented s o m e  spec i f ica t ion  problems 

u n t i l  Union Carbide marketed a ZN404.2. That device was o r ig ina l ly  made 

a s  a monolithic chip which could be connected e i t h e r  a s  a dua l  Darlington 

o r  as  a c lose ly  matched pa i r ,  depending on t h e  metal l iz ing p a t t e r n  

se l ec t ed  by t h e  manufacturer. 

prototypes and procurement f o r  p i l o t  production, t h e  design of t h e  chip 

was modified t o  contain only two junctions, a s  a f i f t h  ( p a r a s i t i c )  t ran-  

sistor had been shown t o  be present and harmful., p a r t i c u l a r l y  t o  t h e  dua l  

Darlington pa t te rn ,  

rep lace  t h e  2N2920 and have always outperformed it, 

Between procurement of devices f o r  the  

These devices were intended by the manufacturer t o  

Obtaining f u l l  

advantage of t h e s e  devices requires some extra handling, however, when 

they  a r e  t o  be used i n  chip form. To buy t h e  devices in ch ip  o r  w a f e r  

form would prevent t e s t i n g  o f  t h e  temperature va r i a t ion  i n  VBE match, a 

p a r t i c u l a r l y  c r i t i c a l  parameter i n  t h e  f i rs t  ga in  stage.  

this problem, t h e  vendor devised a system of die bonding t h e  c h i p  t o  a 

small  gold-plated kovar t a b  which was then fastened l i g h t l y  with a 

temporary adhesive t o  a TO-5 header with ex t ra  t a l l  posts. 

To overcome 

Gold wires 

a r e  then ball-bonded t o  t h e  ch ip  and t o  t h o  t o p  of t h e  posts, and t h e  

package covered with a p l a s t i c  cap f o r  pro tec t ion  during t e s t i n g  and 

shippinq. 

tFe  p l a s t i c  caps a re  simply l i f t e d  of f ,  t he  wires broken near t h e i r  bonds, 

Upon r e c e i p t  of the devices f o r  assembly i n t o  t h e  systems, 

t o  t3t  post,  and t h e  temporary bond between t h e  t a b  and the  header i s  

broken. 

off of t h e  TO-5; header and d i e  bonded t o  the  amplif ier  substrate .  

device intended f o r  use i n  t h e  first s tage  was spec i f ied  t o  match hfe 

a s  closely as the vendor would s p e c  t o  supply,. .94 m i n i m u m .  

The device and kovar tab,  complete with wires,  can then be l i f t ed  

The 

(This is 

t h e  r a t i o  of  hfe f o r  the  t w o  devices,  taking the  larp,er one a5 a danomi- 

nator.) Both t h i s  device and tiic one used i n  t h e  second stage a r e  given 

special numbers by t h e  vendor, b u t  s ince  these numbers a r e  not meaningful 
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t o  anyone not in t imate ly  associated with t h e  job, t h e  der iva t ive  device 

number (2N4042) i s  re ta ined  on the scheniatice,. These devices arc com- 

p l e t e l y  spec i f i ed  on Motorola purchase documents, a s  arc a l l  other  d i s -  

c r e t e  p a r t s  used i n  t h i s  assembly. 

Replacement of the  2N2920 i n  t h e  output d r ive r  s t age  with a 2N4042 was 

planned, but breadboard tests soon emphasized an insuff ic ient  sa fe ty  

margin on co l l ec to r  current  i n  t h a t  stage.  The 2N2920 was ra ted a t  30 ma 

co l l ec to r  current,  while t h e  213LOL2 i s  ra ted  a t  only 10 ma, 

oDeration c a l l s  f o r  9 ma i n  t'ne output stage, and transients or  t rouble  

Normal 

i n  e a r l i e r  s tages  would then  cause ca tas t rophic  f a i l u r e  of t h e  2Nlr042, 

a f t e r  which all four  of t h e  PNPts would a l s o  f a i l .  2N2484's were speci-  

f i e d  f o r  the* high co l l ec to r  cu r ren t  r a t ing  (50 ma) and bccsuse these  

a r e  the devices  

is not  c r i t i c a l  

cha rac t e r i s t i c s  

The common mode 

which a re  matched t o  obtain 2N2920's. 

i n  t h e  output stage; therefore ,  the  2N2484 catalog 

Device matching 

are adequate. 

current  source i n  t h e  first stage emitters, o r i g i n a l l y  

a 2N910, was respecif ied as a 2N2484 t o  reduce t h e  number of  device types 

used. 

Col lector  r e s i s t o r s  i n  t h e  first s tage  were broken up t o  a s s i s t  i n  t h e  

e lec t r ica l .  trimming procedures used f o r  f ina l .ba l ancc  of t h e  amplifier,  

but  the  t o t a l  values were not changed. The i n t e r n a l  feedback capaci tors  

were dropped from 1000 picofarads t o  200 picofarads t o  give g rea t e r  

f l t xLb i l i t y  t o  the user  i n  eventual appl icat ions of t ho  system. 

It was requested by NASA t h a t  a tr impot used in the f irst  s tage of t h e  

d i sc re t e  assembly be replaced by some o ther  more h iEh ly  r e l i a b l e  method 

of n u l l i n g  the amplif ier  t o  within ?I: .2 millivolt re fer red  t o  the input 
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a't room temperature. 

of  2K segments, one t a p  of which i s  selected i n  t e s t  t o  give the  b e s t  

possible  balance t o  within approximately k .4 mil l ivo l t .  For those u n i t s  

t h a t  a r e  not within t h e  desired 2 .2 mv l i m i t ,  s pec i a l  provisions have . 

This was accomplished by making R16 i n  a s e r i e s  

been made t o  connect the proper resistor t o  a device which t r i m s  t he  

res i s tance  by means of an electro-thermal process. This process was 

developed a t  Motorola p r i o r  t o  the  award of t h i s  contract  and was re- 

fined with Motorola funds f o r  p a r t i c u l a r  appl ica t ion  t o  t h i s  work. 

Patent  appl ica t ions  a r e  pending, and the  process is considered proprie- 

tary.  

A schematic of t h e  modified amplif ier  c i r c u i t  i s  shown i n  Figure 7. 

Mgure 8 shows a typical frequency response curve. 

For appl icat ions where an i n t e r n a l  power supply is not required, it should 

be p r a c t i c a l  t o  lower  t h e  hcight9of t h e  cover and shelf ( the amplif ier  

cannot rest d i r e c t l y  on the  header due t o  spacing of  the  r i s e r  wires) 

and package it separa te ly  f o r  a minimum one-time tool ing  charge. This 

should r e s u l t  i n  a package measuring .80 x .83 x .20 inch t a l l .  It 

might prove p rac t i ca l ,  if suf f i c i en t  quant i tes  were involved (i.e. 100 

un i t s ) ,  t o  redesign the  amplifier t o  f i t  on two smaller scbs t ra tes .  

r e s u l t  could be a package smaller than the  present one i n  all t h ree  dirnen- 

The 

s ions. 

It i s  a l s o  possible  t o  r e t o o l  t h e  header t o  accept t h e  l a rge  substrate;  

however, t h i s  would involve enlarging t h e  dis tance between the  pin r o w s  

and therefore  a l s o  increase one l a t e r a l  dimension. 

s i z e  woiild be .80 x -88 x .18 inch t a l l ,  and a l l  t o o l s  recluircd f o r  the  

header would have t o  be replaced. 

unless  a .02 inch reduction i n  h e i g h t  is absolu te ly  essent ia l ,  

The resultant package 

'?lis a l t e rna t ive  is ne t  recommended 
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2.3 Transformer Redesign 

Considerable d i f f i c u l t y  was experienced i n  obtaining transformers f o r  

use i n  t h e  power supply. Motorola maintains a Transformer F a c i l i t y  

s t a f f ed  with transformer s p e c i a l i s t s  t o  s e rv i ce  a l l  Motorola projects .  

Early samples made by t h e  group d i d  not  operate properly a t  high loads 

u n t i l  t h e  recommendation was made t o  use b i f i l a r  primary windings t o  

increase coupling. 

mentioned above t o  lower the supply output voltage.  

feedback windine were a l so  reduced from 18 t o  10 t o  avoid excess pulses 

on t h e  bases of o s c i l l a t o r  t r ans i s to r s .  Wire s i z e  was also increased t o  . %  

AWG40 from AWGh2 for greater strength.  

Secondary tu rns  were reduced from 375 t o  345 a s  

The turns  on t h e  . 

Toward t h e  end of t h e  project ,  a 

sample was made with AWG38. 

It is  suggested t h a t  future u n i t s  be made i n  t h i s  way t o  fu r the r  imgrove 

t h e  d u r a b i l i t y  of t h e  p a r t  f o r  the  t e s t ing ,  processing and handling which 

it must endure. 

Tes ts  i nd ica t e  t h a t  t h e  device i s  sa t i s f ac to ry .  

It is  fur ther  suggested t h a t  simple c a r r i e r  boards be 

made with terminal  posts on a pr in ted  c i r c u i t  card which can be plugged 

d i r e c t l y  i n t o  a test  socket f o r  e l e c t r i c a l  tests and screening. The good 

transformers could then be stored on these c a r r i e r s  and c u t  off j u s t  p r i o r  

t o  attachment t o  the  t h i n  f i l m  substrate .  Such an approach w i l l  consider- 

ab ly  reduce t h e  breakage due t o  handling of t he  par t s ,  which has been of 

ser ious pro2ortions on t h e  present contract .  

It has been sugEested t h a t  a l l  d i s c r e t e  p a r t s  be mounted t o  3 small  p r in ted  

c i r c u i t  board a3 a separate  subassembly. The suggestion was made near the 

end of t h e  cont rac t  and has not been inves t ica ted .  

t h a t  the  success of such an aparoach will be dependent upon a s i g n i f i c a n t  

s i z e  reduction i n  t h e  transformer. 

However, it is  believed 
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An e a r l y  evaluation of a transformer (NASA #C-I&6) made with a smaller 

core was performed. The p a r t  drew excessive currents,  overheated, and 

was general ly  unsatisfactory,  The s i z e  of t h e  present t o ro id  is not  

p a r t i c u l a r l y  r e s t r i c t i v e  except i n  height. 

t h i s  p a r t  could be re f lec ted  d i r e c t l y  i n  reduced height  of t h e  f in i shed  

A reduction i n  height  of 

package. 

The f i n a l  transformer design is  completely spec i f ied  on Motorola drawing 

#24-22 31bF. 



the  fol lowing requirements: 

per second. 

4. Temperature Range: - S y C  t o  +lZs+C operating. 

posed component packages could be easily t r i ed  for  CQmpatibility with the 

rest of the assembly. 

It was quite  obvious from the s tart  that the complete circuit would n 

have an amplifier substrate and a power supply substrate. 

Because of  power considerations and size l i rni tat ions , . i t  was decided t 

support that would also tend to shie ld  t h e  amplifier from stray pickup f r o  

t he  100 KCp8 osc i l l a tor  In t h e  power supply. This support was orig inal ly  
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corner posts  made of s i l ve r .  The mockup r e f l ec t ed  t h i s  design and was 

taken t o  Huntsvil le f o r  a design review with NASA engineers a s  required 

by t h e  contract .  The evolution of t h i s  p a r t  following t h e  design review 

w i l l  be covered i n  Paragraph 3.5. 

A 3.3 Substrates  

Substrate s i z e s  were determined by var ious  c r i t e r i a .  

was chosen from standard s i zes  conviently ava i lab le  a t  low cost.  

The power supply , 

Tooling 

was a lso  avai lab le  a t  Mutorola f o r  use, i n  deposi t ing f i l m s  on t h a t  s i z e  

substrate .  

The amplifier subs t ra te  was chosen t o  be a s  l a r g e  a s  poss ib le  and st i l l  

fit within s i z e  l imi ta t ions .  The edges were notched f o r  ease of assembly 

and t o  gain add i t iona l  space for tho metall izing t o  which t h e  r i s e r  wires 

could be soldered. A disadvantage of  t h i s  spec i f i ca t ion  is t h a t  the  

notches made t h e  p a r t  non-standard and more expensive, and de l ive ry  times 

longer. Another disadvantage was t h a t  too l ing  had t o  be designed and 

made f o r  deposit ions t o  t h i s  size substrate .  The subs t r a t e s  a re  com- 

p l e t e l y  spec i f ied  on Motorola drawings #11-22310F01 and #11-22309FO1. 

3.b Header 

The header i s  a stamped and coined base s p e c i a l l y  designed for t h i s  assem- 

bly. The header is  made from kovar t o  give r e l i a b l e  matching between t h e  

temperature coe f f i c i en t s  o f  expansion f o r  t h e  g l a s s  and header mater ia ls .  

Pins  a r c  a l s o  kovar f o r  t h e  same reason and are made of standard t ran-  

s i s t o r  lead material .  

t o  match common pr in ted  c i r c u i t  spacings, and one pin was deleted t o  

polar ize  t h e  packaqe against  accidental  i nco r rec t  i n s e r t i o n  i n t o  t h e  

rnatinq socket. 

The pins a r e  spaced on standard 0.10 inch centers  

During a vibrat ion t e s t ,  i t  became apparent t h a t  the pins  

alone were not s u f f i c i e n t l y  s t ronq  t o  hold t h e  package securely during 
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such intense mechanical s t r e s s .  

f a r  enough below t h e  surface of t he  header, t h a t  t he  length o f  p in  

between the clamped points  and the  header was free t o  o s c i l l a t e ,  over- 

The pins were clamped in t h e  socket 

s t r e s s ing  them t o  eventual f a i l u r e .  A l l  pins were sheared o f f  of 

s e r i a l  number 5 i n  t h i s  manner a t  a l e v e l  about even with t h e  surface 

of the  glass.  It i s  i n t e re s t ing  t o  note t h a t  before opening the  package 

f o r  inspection and salvage, the un i t  was found t o  exh ib i t  no degradation 

i n  leak r a t e ,  i n  s p i t e  of  the severe stress placed on the glass .  

As a r e s u l t  of t h i s  problem, more complete s tud ies  were made of the  

mounting methods. 

uated a s  8 correction. 

t h e  resonance t o  about t h e  2000 cycle limit; however, stresses within 

Changing the size of t h e  p ins  t o  .020 inch was eval- 

It was concluded t h a t  such a change would r a i s e  

t h e  p in  wires themselves would remain dangerously high. Therefore, it 

was concluded t h a t  an auxi l ia ry  hold-down technique such a s  s tuds  was . 

required, Two s tuds  were selected r a t h e r  than one t o  avoid r o t a t i o n a l  

pressures on the  pins, and they were located of f  cen ter  as an addi t iona l  

guard against  incor rec t  inser t ion  i n  t h e  socket. The s tuds  are  spot  

welded and brazed f o r  double strength.  

Use of cold ro l l ed  s teel  a s  a header mater ia l  instead of kover was con- 

sidered as 8 possible cos t  reduction. However, this would require  an 

in t en t iona l  mismatch between the expansion c h a r a c t e r i s t i c s  and a com- 

pression s e a l  t o  t h e  g lass ,  Althouch the header vendor says t h i s  scheme 

is used by ?O$ o f  a l l  rel-ay manufacturers, it was not considered suffi- 

c i e n t l y  well proven f o r  an assembly of t h i s  s i ze ,  nor would the  c o s t  

savinTs be s i q n i f i c a n t  i n  relation t o  t h e  t o t a l  cost .  If a t  some later 

time the r i s k  can be shom t o  be! nonexistent, the material  change might 

be made on a cos t  reduction b a s i s .  
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Ear l i e r  pa r t s  made t o  t h i s  drawing exhibi ted a tendency f o r  t h e  g rowd  

pin (pin k )  t o  f r a c t u r e  a t  the header surface. The p o s s i b i l i t y  of using 

t h e  hold down s tud  i n  place of t h i s  p in  was b r i e f l y  considered; but d i s -  

carded f o r  lack of a good method f o r  making e l e c t r i c a l  correct ions ins ide  

of t h e  can a s  well  a s  t h e  added d i f f i c u l t y  of wir ing t o  the  s tud  on a 

printed c i r c u i t  board. Some experimenting by the  header vendor indicated 

t h a t  the problem could be avoided by varying t h e  brazing and annealing 

processes. This was done and t h e  problem was solved. 

Crazinp: of t he  g l a s s  bead was noticed by microscopic inspect ion on the  

l a s t  shipment of headers. Although t h i s  was objectionable,  it was not 

c l e a r  how deep t h e  crazing went, and it was possible  t o  obtain good leak  

rates i n  s p i t e  of t h e  crazing. 

tes ted ,  then subjected t o  a se r i e s  of  temperature shocks with leak  tests 

An empty package was sealed up and leak 

repeated a t  various points  during the  shocks. 

a l te rna t ing  the  t e s t  package between a -55°C chamber and a + 1 2 5 O C  chamb,er, 

These shocks cons t i tu ted  

approximately every 15 minutes. Results o f  t h e  tests a re  shown i n  Figure 9. 

The cause of the crazing is not d e f i n i t e l y  known; however, no fu tu re  p a r t s  

will be accepted i f  they  exh ib i t  t h i s  crazing. 

3.5 Shelf - 
E a r l y  confimirations f o r  this support shelf f o r  t h e  amplif ier  subs t r a t e  

have been mentioned i n  paragrmh 3.2 above. Following t he  design review, 

t h e  she l f  was redesigned t o  be a one-piece, four-legged item, with t h e  

four  1 c p s  bowed s l i g h t l y  to make spr ing contact t o  t h e  s ides  o f t h e  cover 

fo r  b e t t e r  hea t  t r a n s f e r  and mechanical r i g id i ty .  Original  designs 

c a l l i n g  f o r  t h i s  she l f  t o  be screwed t o  the header were dropped. The 

header was d i f f i c u l t  t o  t a p  f o r  such small threads,  and screws were not  

needed, as it was found that t he  s o l d e r  used t o  s e a l  the cover would also 

fas ten  tho shelf  t o  t h e  header. 
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When problems arose with t h e  ground p in  on t h e  header (paragraph 3.4 

above), it was decided t o  design a ground lug on th i s  she l f  so t h a t  t h e  

ground p in  could be glassed-in if necessary and grounded t o  t he  package 

3.6 

by t h e  lug. The header problem was solved, and the lug  did not  t u r n  out 

t o  be necessary; however, had it turned out  t o  be necessary, a long reorder 

delay would have been avoided. Future purchases may be made without t he  
' 

lua, o r  it may be simply broken off. 

Cover - 
The cover f o r  t h i s  package is drawn and sheared t o  match t h e  header, and 

was also spec ia l ly  designed for this package. Corner r a d i i  required t o  

make good use of t h e  space ins ide  were very  t i g h t ,  and t h e  vendor was 

re luc tan t  t o  attempt such a draw with kovar. Prototypes were made from 

brass  f o r  t h i s  reason. 

s ion  f o r  these two metals were thought t o  be a f a c t o r  i n  problems t h a t  

The d i f f e ren t  temperature coe f f i c i en t s  of w a n -  

arose i n  g e t t i n g  good so lde r  seals between these par t s .  

pressed t o  develop t h e  a b i l i t y  t o  draw corners as t i g h t l y  as required,  

The vendor was 

which he  did. P i l o t  production models were a l l  assembled with covers 

drawn from kovar. 

Clearances between the  r i se r  wires t o  t h e  amplif ier  subs t r a t e  and t h e  wal l s  

of t h e  cover were extremely t i g h t ,  and shorts were encountered. The two 

walls adjacent t o  the risers and t h e  top of the cover were coated with a 

hiEh-temperature, high-voltage d i e l e c t r i c  mater ia l  c a l l e d  "H- f i lm ' l  f o r  

r e l i e f  from thcoe shorts, but the clearance was so' t i g h t  that t h e  wiring 

j o i n t s  on t h e  risers would abrade t h i s  f i l m  during v ibra t ion  and puncture 

it. 

received. 

H - f i l m  i s  probably no longer necessary i n  the expanded cover; however, it 

Relief i n  t h e  width dimension (only) was requested from NASA and 

Both cover and header were redesigned f o r  a width of  .83". 

i s  qu i t e  inexpensive and has been retained f o r  addi t iona l  insurance against  

shorts  . 



3.7 Ruggedizing Naterials 

Frequently assemblies of this s o r t  a r e  completely f i l l e d  with pot t ing 

material. 

cause of i t s  double-deck nature. An even g rea t e r  drawback was the  f a c t  

t h a t  t h i s  po t t ing  would v i r t u a l l y  make a throw-away u n i t  out of what is 

I 

I 
m To do so with t h i s  assembly would be somewhat d i f f i c u l t  be- 

1 
I 
I 

i 
I 

otherwise a repa i rab le  uni t .  However, t h e  discrete components needed 

some ex t r a  support t o  augment t h e i r  f i n o  and f r a g i l e  leads,  p a r t i c u l a r l y  

the  large 1 Fc.f capaci tor  (C7) on t h e  amplif ier  subs t r a t e  which must be 

cant i lever  mounted, These par t s  were given a heavy conformal coat ing of 

a semi-rigid ruggedizing material  designed t o  hold only these d i s c r e t e  

p a r t s  i n  place and without exerting s t r e s s e s  upon.adjacent t h i n  f i l m  

pat terns .  

C7 t ea r ing  loose i n  v ibra t ion  until t h e  cure cycle f o r  the  mater ia l  was 

properly adjusted. 

D i f f i cu l ty  was experienced i n  seve ra l  of t he  ea r ly  u n i t s  with 

Tape, commonly used as a b inder . for  transformers, causes a spec ia l  problem 

when used i n  conjunction with hybrid c i r c u i t s .  After  solder ing the  t rans-  

former wires t o  t h e  substrate ,  chemicals o rd ina r i ly  used t o  remove f l u x  

res idues also a t t ack  t h e  adhesive on the  tape  and cause it t o  go i n t o  a 

temporary suspension, then settle out elsewhere on t h o  assembly. If this 

happens t o  be on t o p  o f  a semiconductor chip,  a s  it frequent ly  is ,  damage 

t o  t h e  device is l i k e l y  t o  occur. 

and a t t r a c t s  d i r t  and other  contaminants. 

nated, and a rue;gedizing coating used which would bc compatible with later 

cleaning processes. 

In  any event, t h e  res idue  remains t acky  

F o r t h a t  reason, t a p e  was elimi- 

Open sirniconductor devices t e n d  t o  c o l l e c t  surface contamination which 

eventual ly  causes device f a i l u r e  i f  l e f t  exposed, even i n  c lean room 

atmospheres, f o r  extended per iods of time. To avoid the occurrence of  

t h i s ,  all open d i e  were given a coating o f  varnish,  t h i n  enough to permit 

r epa i r s  should they become necessary. 
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Thermal Analysis 

A prelimlnary thermal ana lys i s  was 

experts  from Motorola's Mechanical 

functions as a s t a f f  of experts i n  

prepared f o r  t h i s  package by thermal 

Engineering Laboratory. This group 

thermal analysis  and furnishes  a con- 

su l t i ng  service t o  o ther  departments o r  p ro jec ts  as required. The prelim- 

ina ry  analysis  was based on t en ta t ive  layouts  of t h e  subs t r a t e  assemblies, 

Dreliminary concepts of  the mechanical design, and known e l e c t r i c a l  character-  

i s t i c s  of the  c i r c u i t  and thermal propert ies  of  mater ia ls  t o  be  used. 4 

?chis r q o r t  shot.:ed the  major contributors t o  i n t e r n a l  hea t  d i s s ipa t ion  would 

have  probable temperature rises of 8°C o r  less with respec t  t o  t h e  header. 

A l l  a a r t s  would remain below t h e  10°C temperature r ise  s e t  a s  a t a r g e t  

maximum by the project .  

F u r t h e r  analysis  was done using a d i g i t a l  computer program which had been 

developed and t e s t ed  by Motorola's Mechanical Engineering Laboratory on con- 

t r a c t  N62269-2393 f o r  t h e  U. s. Naval A i r  Development Center (Warminster, Pa) * 5 

The approach 

1. 

2. 

3. 

t. 

A S c i e n t i f i c  

used by t h i s  analysis involves four  s t e p s  as follows: 

Divide t h e  e n t i r e  package i n t o  small  ccbes or  nodes; 

Determine t h e  power d iss ipa ted  i n  each node; 

Determine thermal t r a n s f e r  coef f ic ien ts  of t h e  mater ia ls  
within t h e  nodes; 

Feed t h e  data t o  t he  d i g i t a l  computer f o r  analysis  with t h e  
spec ia l  program. 

Data Systems Nodel 930 computer i n s t a l l a t i o n  is maintained and 

o9erated f u l l  time f o r  t h e  exclusive use of AerosDace Center engineering pro- 

j e c t s .  The n o d a l  breakdown used for t h l s  analys is  I s  shown i n  Figure 10. 

Data from analyses was used 8s a p;uide i n  t h e  design o f  t h e  f i n a l  layouts  

msde f n r  both m h s t r a t e s  and t h e  f i n a l  des iqn  of t h e  support shelf  f o r  t h e  

amolifier.  T h e w  d e s i p s  were i n  turn used t o  compute a f i n a l  t h e m 1  ana lys i s  

o f  t h e  package. 

breakdown remained t h e  same a s  t h z t  shown in Figure 10. 

Power d iss ipa t ions  f o r  each node were recalculated and nodal 
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Figure 10. Nodal Breakdown of Hybrid DC Amplifier 



c Table I11 contains t h e  f i n a l  estimated temperature rise of a l l  nodes 

over t h e  presumed heat  sink base, node 54. 

assumed t o  be a t  t h e  same temperature as node 54. 

t ed  t h a t  the  gradients  on t h e  top  wafer may be expected t o  be less than 

Node 55, t he  ambient, was 

This analysis indica- 

1°C with a maximum temperature rise of 6°C over the header. The power 

supply subs t ra te ,  due t o  its high concentration of power i n  one node 

(node S),displayed a gradient of 3.3”C with a maximum temperature rise 

of  3. s ” C  . 
mum predicted values.  

All component temperatures were found t o  f a l l  below t h e  maxi- 
6 

Some assumptions on which this analysis  was based w i l l  be l i s t e d  here: 

1. The twenty m i l  alumina amplif ier  subs t ra te  was assumed t o  
be bonded by a two m i l t h i c k  f i l m  o f  epoxy t o  a t en  m i l  
t h i ck  beryllium copper subs t r a t e  support she l f .  

2. The power supply substrate  was also assumed t o  be bonded 
t o  t h e  header with a two m i l  epoxy f i l m .  

3.  The subs t r a t e  support shelf was t o  be at tached t o  t h e  base 
i n  four  places by screws with s u f f i c i e n t  pressure t o  provide 
a 2 wattPC-Sq. In.)  contact  conductance. 
were l a t e r  replaced by solder.) 

(These screws 

It should be noted t h a t  the node temperatures represent t h e  attachment 

points  f o r  chips. 

crease t h e  ac tua l  junct ion tem7eratu-e. 

function o f  the d i e  s i ze  and bonding techniques. 

de f in i t i ve  information on bond res i s tances  avai lable  a t  t h e  time, some 

empirical data f o r  the  thermal r e s i s t ance  of t h e  proposed s o f t  solder d i e  

It is t o  be emected  t h a t  d i e  bond res i s tance  w i l l  in-  

These temperature rises are a 

Because of t h e  lack  of  

bonds were needed. 

F a c i l i t y  prepared f i v e  samples t o  be t e s t e d  by t h e  thermo group of the  

Ikchanical Engineering Laboratory. 

To obtain t h i o  information, tho In tegra l  Circuit 

The samples consisted of 0.5 x 0.5 x 0.025 

I 
1 

inch alumina wafers w i t h  25 m i l  t r i a n p l a r  s i l i c o n  t r a n s i s t o r  chips bonded 

t o  t h i n  f i l m  gold bonding pads, 
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TABLE 11x0 COMPOTED TEMPERATURE RISE - *C 

a 
22v 

- 
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NO ILIAD 

0 e 6  
0.2 
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O e 8  
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0 01 
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3 02 
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3 e3 

3 e3 
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3 e 2  

3 .L 
3 05 
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TABU 111. COMPUTED TEMPERATURE RISE O C  

(Cont) 

IN 
22v 

NO LOAD 

2 01 
2.0 
2.1 

0.7 
1.4 
1.4 

, 0.5 
0 e 6  
1.5 

0.4 
1.4 , 
1.k 

1.0 
2.0 
1.4 

0.2 
0.2 
0.2 

0.2 
1.2 
0.0 
0.0 

0.273 

DT SUPPLY v 

0 372 

LTAGE 

3: 
NO ILIAD 

3.5 . 

3.k 
3 

1.1 
2 0 1  
2 e 1  

0 e 6  
0.7 

, 2.2 

0.6 
2.2 
2 01 

1 S  
3.3 
2.2 

0.2 
0.2 
0 e 3  

0.3 
1.5 
0.0 
0.0 

0.459 

FULL mAD 

5.0 
4.9 
5.1 

1*9 
3.1 
3.0 

0.9 
1.1 
3.1 

0.8 
3 
3.1 

2.4 
4.8 
3.4 

0.4 
0.4 
0.L 

0.4 
2 03 
0.0 
0.0 

~- 

0.826 
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Test r e s u l t s  obtained by the AVBE method, a t  approfimately a 170 MW 

l eve l ,  indicated a junction-to-wafer r e s i s t ance  o f  '210"C~d 2 15%. By 

corre la t ing  t h e  data on a per u n i t  a rea  bas i s ,  a thermal t ransmit tance 

of 1 7  W/"C-Sq. In. was obtained. Translat ing t h i s  i n t o  an expected 

junction-to-wafer res i s tance  f o r  a 25 m i l  square t r a n s i s t o r  chip, a 
a 

thermal res i s tance  of 9L" C/W should be expected. 

It should be noted t h a t  t h e  measured t in- lead eu tec t i c  solder  res i s tance  

(17W/"C-Sq. In . )  was no t  as poor a s  had been an t ic ipa ted .  Data taken a t  

about t h e  same time tends t o  support a comparable value (20 WPC-Sq. In.)  

f o r  t h e  gold germanium eutec t ic  solder .  

computer r e s u l t s  was used t o  choose f i n a l  component locetions.  

This information along with the  

The results of t he  thermal analysis e f f o r t  indicated t h a t  the thermal 

design would be sa t i s fac tory .  

3.9 Fina l  Mechanical Specif icat ions 

Results and measurements taken from f in ished  u n i t s  a r e  f o r  a s i z e  of  

.80 x .83 x .47 inch t a l l  and volume o f  .32 cubic inches. Hermeticity 
9 

of log7 t o  10' cubic centimeters per second helium l e a k  r a t e  was achieved. 

Weight o f  a f in i shed  u n i t  is typ ica l ly  12.2 grams. Pa r t  dens i t i e s  

achieved a re  302,000 parts  per cubic foot  f o r  the power supply, 659,000 

p a r t s  pe r  cubic foo t  f o r  t h e  amplifier alone, and 460,000 p a r t s  per  cubic 

foot.for t h e  ove ra l l  assembly. 

3.10 Dest ruc t ion  Test 

Information was desired as t o  the  l imi t ing  mechanical s t rength of t h e  

u n i t s  made under t h i s  contract .  This was t o  be obtained by applyLng 

mechanical stresses of  gradually increasing seve r i ty  t o  an operating 

uni t ,  while watching f o r  a fa i lure .  

v ibra t ion  up t o  the l i m i t  o f  available  vibra t ion  t a b l e s  (SO GIs) and t o  

It was agrccd t o  begin wi th  s inusoidal  
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continue t h e r e a f t e r  with shock tests until failure. Shock t e s t  levels 

were se lec ted  t o  roughly correspond i n  am?litude t o  100, 150 and 200 G 

s inusoida l  tests. 

S e r i a l  number 26 was selected f o r  these t es t s  a f t e r  completing all 

ordinary check out t e s t s  and t h e  t e n  day room temperature burn-in. To 

ver i fy  t h a t  t h e  unit i n i t i a l l y  m e t  s tandard spec i f ica t ions ,  t he  unit 

was given a 50 G v ibra t ion  t e s t  (200 t o  2000 cps and re turn  i n  a 15- 

minute cycle) i n  the  worst  (ve r t i ca l )  plane. 

The u n i t  operated successful ly  throughout. The unit was then  given cycles 

a t  LO, 60, 'and 80 G from 200 t o  2000 cps and r e tu rn  a t  .5 octave per  

minute. The u n i t  was operating throughout, and the  tes ts  were performed 

f o r  one cycle i n  each plane. During t h e  first cycle a t  80 G ' s  (performed 

i n  t h e  plane p a r a l l e l  t o  the header and p a r a l l e l  t o  t h e  planes of t h e  

r i s e r  wires) a s h i f t  i n  offset  vol tage from 8 millivolts was noted. 

seemed t o  he a non-catastrophic type f a i l u r e  which would be extremely 

d i f f i c u l t  t o  loca te  and diagnose. 

t e s t i w  u n t i l  t h e  failure became more pronounced. 

completed a t  00 G's, with no other  change noted. 

formed a t  l e v e l s  of 84, 125, 167 and 210 G's i n  a hal f  s ine  wave of 

5 2 1 millisecond duration, i n  a l l  t h ree  planes w i t h  t h e  u n i t  operating. 

This 

Thus, t he  decis ion was made t o  continue 

All th ree  planes were 

Shock tests were per- 

Again, no changes were detected. A t  t h i s  time, t h e  l i m i t  of the drop 

t a b l e  began t o  be a f a c t o r  requiring reduced durat ions t o  avoid over- 

stressing t h e  equipment. 

i n  a l l  th roe  planes, without e f fec t  on t h e  un i t .  

Drops of 280 0's f o r  3 milliseconds were made 

The cable a t tached t o  

t ? - l ; e  f i x t u r e  was damaged, hotrever, t o  t he  extent t h a t  it was no longer 

p r a c t i c a l  t o  move t h e  u n i t  from one plane t o  another. The u n i t  was there- 

fore  placed i n  i t s  v e r t i c a l  position f o r  maximum e f fec t ,  and given two 

d r o p s  a t  750 G I s  of two millisecond durat ion,  3 drops a t  650 G I s  and 750 G's, 
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plus 1 drop each a t  800 G ' s  and 900 G's and 2 drops a t  1000 G I s  f o r  . 

1 millisecond duration. The l a s t  two drops exhibi ted a very noisy wave- 

form t o  fu r the r  increase t h e  severi ty .  

meter output displayed on a cal ibrated oscil loscope w i t h  CRT storage. 

Figure 11 shows the  acccllero- 

Note the  magnitude and duration of the  noise  following t h e  main shock. 

No damage was done t o  t h e  'hit, and no fu r the r  changes were observed i n  

i t s  operation. No change i n  the power supply was observable a t  any time. 

The un i t  was removed from i t s  can and photographed (See Figure 12 . )  

Two po ten t i a l  sho r t  circuits can b e  seen i n  t h e  leads f rom Q9-Ql0; how- 

ever, moving these  leads  had no e f f e c t  on t h e  operation of  the unit .  

Semiconductors were checked on a curve t r a c e r  and found t o  b e  good. 

oixning the uni t ,  it c&ibitcd a s t i l l  higher offset, 150 mv. 

After 

Input 

cur ren t  remained a t  17  ma as it was p r i o r  t o  t h e  des t ruc t ion  t e s t .  
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Figure 11. lOooG Drop Test Waveform 
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Figure=. Destruction Test Amplifier Substrate 
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SECTION 4 

ARTWORK AND LAYOUTS 

Both subs t r a t e s  were l a i d  out a t  t en ' t imes  size t o  rough approximations f o r  

a preliminary solut ion.  These layouts were used f o r  var ious purposes, in- 

cluding a ver i f i ca t ion  of t h e  adequacy of subs t ra te  s i ze  se lec t ions ,  p a r t s  

placement f o r  assembly o f  t h e  mockup, and calculat ions f o r  use i n  the  prelim- 

i n a r y  thermal analysis.  Substrate s i zes  were adequate, bu t  t he  thermal 

ana lys i s  mentioned above produced information f o r  des i rab le  changes . 
second layout was then made a t  ten times size incorporating these  modifica- 

t i o n s ,  

400 52 per  square f o r  both substrates .  

contains low value r e s i s t o r s  t o  b e  made a t  50 51 per  square. 

r e s i s t o r  on t h e  power supply.substrate  is bes t  made with a s i l i c o n  resistor 

chip t o  be d i e  bonded t o  t h e  subs t ra te  i n  order t o  eliminate a separate  

deposition. 

A 

Fina l  designs included r e s i s to r s  which were 3 t o  10 m i l s  wide, and 

I n  addition, t h e  ampl i f ie r  subs t ra te  

One l o w  value 

Tape layouts  were made a t  f o r t y  times s i z e  as' a standard procedure, and photo- 

c raphica l ly  reduced t o  a multiple pos i t ive  from which t h e  aperture  masks can 

be made. It was a l so  required t o  make spec ia l  t oo l ing  t o  hold t h e  amplif ier  

subs t ra tes  and masks i n  close relat ionship t o  each other. 

Is .001 inch a re  held bctwecn adjacent deposit ions.  

supply i s  shown i n  F'igure 13, and the  amplifier subs t r a t e  layout i s  sh0.m i n  

Tolerances t o  

The layout of t h e  power 

Figure 14. Drawings 

a re  s:~orym i n  Figures 

showing various stages of assembly of' both subs t r a t e s  

15, 16 and, 17. 



. 

Figure 13. Power Supply Substrate Layout 



Figure 14. Amplifier Substrate Layout 
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Figure 15. Power Supply Semiconductor Assembly 
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Figure 16. Power Supply Toroid Assembly 
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I 
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Figure 17. Anrplifier Substrate Semiconductor Assembly 



I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

, 

SECTION 5 

5. THIN FILMS 

5.1 Resis tor  Deposition 

A l l  f i l m  r e s i s t o r s  used i n  t h i s  design a r e  made from nickel-chrome 

f i l m .  Both subs t ra tes  use a shee t  res i s tance  o f  400 S2 per square, and 

t h e  amplifier uses an addi t ional  f i l m  of 50 !2 per squa re ' fo r  low value 

r e s i s to r s .  These r e s i s t o r s  have the  following r e l i ab i l i t y :  character-  

i s  t i c s  : 

A. 

13. 

Value unchanged by solder ing i n  proximity. 

Variations i n  values average + .l% f o r  a 2000-hour l i f e .  
t e s t  a t  full load. 
has been + .7% f o r  f u l l  loading, + ~ 6 %  f o r  20% loading 
and + .64$ f o r  200% loading. 
from t e s t s  made on 36 r e s i s t o r s ,  each operated f o r  2712 
hours  f o r  a t o t a l  o f  over 97,000 component hours. 7 . 

M a x i m u m  observed change i n  2000 hours 

This information was obtained 

5.2 Conductors 

All conductors f o r  both substrates  a r e  vacuum deposited i n  the  form of a 

chromium and gold f i l m .  

per square. For t h e  amplifier substrate ,  two separate  deposit ions are 

required i n  order t o  keep the aper tures  t o  an acceptable number and g ive  

adequate s t rength t o  the masks. 

Typical sheet  res i s tance  f o r  t h i s  f i l m  i s  .1 SZ 

5.3 Die lec t r ic  

A vacuum deposit  of  s i l i c o n  monoxide o r  s i l i c o n  dioxide i s  used t o  encap- 

s u l a t e  the  t h i n  f i l m  res i s tors .  This provides environmental s t a b i l i t y  a s  

w e l l  a z  abrasion and scuffing protect ion during assembly and t e s t ing .  

5.11 Resistor Trlmminq 

Resistors a r e  adjusted i n  both absolute value and i n  temperature coeff i -  

c i e n t  as required t o  achieve necessmy accuracy. 

spec ia l  thermoelectric process developed a t  Motorola Aerospace Center, 

lksistors arc? adjusted t a  the requtremonts shown i n  Tables I V  and V fo r  

%he Dower sunply and a p l i f i e r  respectively.  

This i s  done by a 
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TABLF: N 

F ' O l a  SUPPLY SUBSTRATE S P E C I F I C A T I O N S  

COMPONENT 

R1 

R2 

R3 

R 4  

RSC 

R6 

R7 

R8 

R9 

R9 
R7 
- Rat io 

to 

83K 

5.35 
5.57 

TOUERANCE (25)  

30 

20 

20 

20 

20 

20 

20 

20 

20 
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TABLE V 

COMPONENT 

AMPLIFIER SUBSTRATE SPECIFICATIONS 

~~ 

VALUE 
51 

l O O K  
l O O K  

lOOK 

lOOK 

50 

40K 
22K 

40K 
l O O K  

80K 

33K 

80K 

1.SK 

1 . 5 K  

4K 

36K 

36 K 

6.8K 

200 

200 

100 

l 4 C K  

2 r O K  

100 

100 

100 

1 6 0 ~  

160K 

TO IJ3RANCE 

30 
30 
20 

10 

20 

20 

20 

' 20 

20 

10 

10 

20 

10 

10 

10 

20 

20 

10 

20 

20 

10 

10 

10 

10 

10 

10 

20 

20 

T .C 
(PPMpC) 

-0 

-9 

100 

200 

100 

100 

100 

100 

100 

200 

200 

200 

100 

100 

200 

200 

200 

100 

200 

200 

100 

100 

100 

100 

100 

100 

100 

100 

GEDUP 

A 

A 

B 
00 

-0 

D 
D 
D 

B 

C 

C 

00 

E. 
E 

C 

F 

F 

G 

H 

H 

J 

G 

G 

J 

J 

J 

K 

K 

To LERANCE 

2 
2 

0 1  

-- 
00 

1. 
-.. 
1. 

01 

1. 

1. 

9. 

1. 

1. 

' 1. 

2. 

2. 

1. 

2. 

2. 

2. 

1. 

1. 

2. 

2. 

2. 

1. 

1. 
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' SECTION 6 

6 .  ASSRMRLY 

6.1 Die Bonds 

Normally, die bonds i n  t h e  semiconductor indus t ry  a r e  made using a 

spec ia l  solder  made of a gold-germanium eu tec t i c  alloy, which melts a t  

.h20°C. 

c i s e  resistor values required. This l e d  t o  t h e  use  of a low temperature 

These temperatures would not permit t h e  maintenance of t he  pre- 

t in- lead eu tec t i c  so lde r  for  which process and mater ia l  spec i f ica t ions  

had been developed a t  Motorola p r i o r  t o  t h e  award of this contract .  

6.2 Wire Bonds 

Thermal compression wire bonds have been i n  conkon usage throughout t h e  

semiconductor indus t ry  f o r  some time. However, t he  temperatures required 

here exceed those  which eu tec t ic  t in-lead d i e  bonds can s a f e l y  withstand. 

For t h i s  reason, ul t rasonic  wire bonds were proposed f o r  use i n  t h i s  

assembly. Wire t o  be used is  .001 inch diameter aluminum, 

Although Motorola had studied and used t h i s  bonding technique a t  various 

times, var ious problems d i d  a r i s e  during t h e  course of the project .  

assure good wire bonds, t w o  t e s t  s teps  were i n i t i a t e d .  

To 

One of t hese  re- 

quired t h a t  sample wire bonds be pulled t o  destruct ion twice each day. 

I f ,  a t  any time, these bonds did not exhib i t  required s t rengths  of 3 g r a m  

minimum, the  machine was removed from production and repaired.  All work 

done s ince  t h e  previous pu l l  t e s t  was re-evaluated. The o the r  check 

i n i t i a t e d  was a centrifuge test, discussed below. 

6 . 3 Cen trif uge 

Each. subs t r a t e  was subjected t o  s cent r i fuge  t e s t  a s  a q u a l i t a t i v e  tes t  

on d i e  and wire bonds, 

minute; however, t h i s  had t o  be reduced t o  lh,OOO G I s  t o  Prevent minor 

Normally, t e s t s  are run a t  20,000 G I s  fo r  one 
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warpage o f  t h e  subs t r a t e s  from causing destruct ion of  otherwise useable 

assemblies during t h i s  test. 

6.4 External Connections 

Wires from the  subs t ra te  t o  t h e  r iser  wires have t o  da te  been made 

en t i r e ly  of .OOS'inch copper wire soldered a t  both ends. 

have been prepared t o  replace t h i s  with a kovar wire which can be  welded 

Processes 

t o  t h e  risers i n  fu tu re  assemblies. Sample welds have been made, sec- 

tioned, and analyzed t o  prove the  i n t e g r i t y  of the process. These wires 

would still be soldered t o  the  subs t ra te ,  however, u n t i l  such time a s  

p a r a l l e l  gap welds t o  t h i n  f i lms can bo r e l i a b l y  performed. 
I 

A t  the  time of t h i s  soldering, d i s c r e t e  components such as transformers 

and c a p a c i t o h  a r e  a l s o  attached using solder. 

which is e l e c t r i c a l l y  t e s t ab le  a s  a power supply o r  an amplif ier  a t  this 

The result is an assembly 

point.  

6.5 Assembly 

E l e c t r i c a l l y  tested power suppl ies  a r e  attached t o  headers. Figure 18 is  

a photograph o f  a t yp ica l  power supply i n  t h i s  s t age  o f  assembly. The 

unconnected wire i n  one corner of t h e  subs t r a t e  i s ' i n t ended  t o  be con- 

nected t o  a d i s c r e t e  capacitor i n  l a t e r  assembly. 

of t h e  complete power supply assembly. 

Figure 19 is  a drawing 

The power supply capaci tors  and 

two amplif ier  capacitors,  C6 and C8, a r e  a t tached t o  t h e  r i s e r s  a t  t h i s  

point for  assembly convenience. Figure 20 i s  a photograph of a t y p i c a l  

unit i n  t h i s  s tage  of completion. 

Followinp; another e l e c t r i c a l  and thermal t e s t ,  a completed amplif ier  is 

mounted above t h e  power supply assembly. Figures 2 1  and 22 show a drawing 

and photograph o f  a t yp ica l  un i t  I n  t h i s  stage.  
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Figure 18. First Header Assembly 
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Figure 19. Power Supply Assembly Drawing 
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ALL JUMPER 
WIRES SHALL BE 
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Figure 21. Amplifier Assembly 
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6.6 Sealing 

Following another e l e c t r i c a l  and thermal test, t h e  unit is sea led  

using a s p e c i a l  process developed a t  Motorola and re f ined  f o r  t h i s  pro- 

jec t .  

Figure 23 shows a completed uni t .  

cover permits t h e  s ea l ing  t o  b e  completed i n  room atmospheres. Following 

t h a t ,  t h e  u n i t  can be evacuated and back-fil led with d r y  nitrogen, and 

t h e  vent hole then sealed o f f  i n  a ni t rogen atmosphere. 

Flux i s  painted on and so lder  is  applied by means of  a preform. 

A small hole  i n  one corner  of  t h e  
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SECTION 7 

7.  QUALITY ASSURANCE 

7 . 1 Photoqraphs 

Contractual requirements c a l l  f o r  s e r i a l i z e d  photographs a t  var ious 

poin ts  i n  assembly: (a) Each subs t r a t e  with chips attached, but  p r i o r  

t o  ruggedizing; (b) After rugqedizing of each subs t ra te ,  and (c) Total  

assembly before potting. The i n t e n t  of these photographs was t o  furnish 

a measure of q u a l i t y  assurance inspect ion of d i e  bords, wire bonds, 

soldering, etc., t o  t h e  user. 

appeared t h a t  both ( a )  and (b) could be accomplished by a s ing le  photo 

After completion o f  t h e  design, it 

due t o  t h e  extremely local ized nature  of t he  ruggedizing used. Photo 

(c)  could not be  provided due t o  depth of  f i e l d  l imi t a t ions  o f  t he  camera 

equipment. As a result, s e r i e l i z t d  photos were taken once f o r  each'com- 

p l e t e  substrate ,  and a pr in t  o f  each provided t o  NASA with each un i t  I 

a s  it was shipped. 

numbers, and a r e  re ta ined  on f i l e  so t h a t  copies can be obtained a t  any 

time. 

The negatives a r c  numbered and keyed t o  system s e r i a l  

Sample p ic tures  are shown i n  Figures 2L and 25. 

The amount of d e t a i l  presented by t h e  pictures  was s l i g h t l y  disappointing, 

however, insofar  as  t he  wire bonds a r e  concerned. These wires a r e  .001 

inch i n  diameter. To discern c h a r a c t e r i s t i c s  of t h e  wire bonds adequately 

would requlre  about ten diameters within t h a t  space, or  about .0001 inch 

resolut ion.  A magnification of about four times on t h e  negative reduces 

t h e  resolut ion required t o  .0004 inch. 

50 l i n e s  per  mill imeter o r  about .0008 inch, which i s  not  adequate. 

regarding reso lu t ion  of t h e  p r i n t  paper, a f i l m  resolut ion of f ive dia- 

The f i l m  has a reso lu t ion  of about 

D i s -  

meters i s  provided with t h i s  f i lm. A new f i l m  and paper with higher 

possible resolut ion are cur ren t ly  under inves t iga t ion  i n  the Hotorola 

Photo Laboratory. These films require processes vastly d i f f e r e n t  from 



F i w e  24. Pouer Supply In-Procesa Photo 
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those which a r e  standard now, and will probably make t h e  film impract ical  

unless a very l a r g e  degree o f  improvement can be obtained. 
\ 

7.2 Qua l i ty  Assurance Plan 

QA planning f o r  th i s  contract  was s impl i f ied  by use of a flow cha r t  

shown i n  Figure 26. By each block of t h e  char t  is  one o r  more drawing 

numbers (where appl icable)  which de l inea te  how the  tasks  of t h a t  block 

a r e  t o  be performed. 

and some contain propr ie ta ry  information. 

e i t h e r  of  those c l a s s i f i c a t i o n s  have been provided t o  NASA i n  reprodu- 

Some drawings are s tandards used by a l l  p ro jec ts ,  

Those which do not f a l l  i n  

c i b l e  form i n  compliance with terms of the contract .  
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SECTION 8 

8. TECHNICAL PROBIEMS 

A number of technical problems were encountered i n  t h e  development and p i l o t  

production of these  systems. 

of t h i s  report ,  and most of them have been discussed a t  length i n  t h e  progress 

r epor t  f o r  t h e  month of June, 1966. A few of those  not  a l ready discussed will 

Some have been discussed i n  the  preceding p a r t s  

be covered here. 

8.1 Temperature Compensated Diodes 

A temperature compensated diode, type 1N4776A, was selected f o r  use i n  

t h e  power supply, and attempts t o  obtain the  device i n  chip form produced 

only one vendor who would attempt t o  supply it. 

hi-re1 experience i n  compensated zeners; however, s ign i f i can t  d i f f i c u l t i e s  

That vendor has wide 

arose i n  ch ip  procurement. These d i f f i c u l t i e s  included contamination due 

t o  packaging f o r  shipment as w e l l  as  due t o  handling and improper assembly 

techniques. These problems were solved by a series of conferences and 

visits from which agreements were reached regarding packaging and new 

assem5ly techniques. The drawing was. changed and expanded t o  include 

these provlsions. Devices received s ince t h a t  time have been 100% s a t i s -  

factory.  

8.2 Chrome Gold 

Perhaps the  g rea t e s t  and most p e r s i s t e n t  of  t he  problems encountered was 

t h a t  o f  chrome gold f i l m  f a i lu re s ,  which occurred p r inc ipa l ly  by means 

o f  t h e  gold f i l m  alloying with so lder  materials. 

t ion ,  a t h i cke r  f i l m  was adopted, Tests ind ica te  t h a t  t h e  allowable num- 

ber of reworks i s  prea te r  f o r  t h i s  t h i c k e r  f i l m .  

cont ro l  of  the  die bonding process waa i n s t i t u t e d  t o  control  the temper- 

atures more closely, and a similar con t ro l  of the wire solder ing process. 

To co r rec t  the s i tua-  

I n  addition, t i g h t e r  



Tests have indicated t h a t  a t  l e a s t  t en  r epa i r s  could be made on a 

p a r t i c u l a r  t h i n  f i l m  pad; however, t h i s  has not as yet been v e r i f i e d  

by a c t u a l  experience. 

t h e  above mentioned steps, it i s  not  a3 y e t  solved. 

ing t o  s tudy  t h i s  problem. 

' h i l e  t h e  problem has been v a s t l y  a l l ev ia t ed  by 

Motorola i s  continu- 

8.3 Fina l  Balancing 

The process described e a r l i e r  f o r  r e s i s t o r  trimming was a l s o  intended 

for  use on t h e  f in i shed ,  sealed u n i t  t o  ad jus t  t h e  offset  vol tage t o  

within 2 2 mi l l ivo l t s .  

process t o  completed systems, and a t o t a l  of t h ree  systems otherwise 

Some problems were encountered i n  matching t h a t  

ready f o r  shipping were destroyed before  t h e  problems were all corrected 

by modifications t o  t h e  trimming equipment and procedure. 

shows a port ion of  one o f  these destroyed amplifiers.  

Figure 21 

8.4 Noise - 
One of t h e  purposes of  t h e  amplifier shelf was t o  h e l p  sh ie ld  it from t 

power supply noise. 

analyze the  success o f  t h i s  i n  t h e  following manner. I n  the  f k s t  test, 

t h e  power supply was not  operated, and t h e  amplif ier  was connected t o  a 

54 v o l t  laboratory type power supply. 

output noise  reference level .  

tu rned  on. 

e f f e c t s  a r e  seen i n  t h e  oscillogram of  Figure 29. 

A p a r t i a l l y  failed unit (no r egu la to r )  was used to 

M p e  28 is an oscillogram of t h e  

Next, t h e  power supply i n  t h e  system was 

The port ion which produces rad ia t ion  was opera t ive ,  and t h e  

Next, t h e  amplif ier  

was connected t o  a breadboard of t h e  power lslupply and the oscillograms 

of F'icure 30 were taken, showing t h e  effect  on t h e  amplif ier  output o f  

power supply r ipple .  

a t ive;  thus Figure 30 represents both r a d i a t e d  and conducted (common mode) 

The converter within thc t es t  system remained oper- 

noise. 

from d i s c r e t e  components, 

Perforntanca i n  th i . s  r e spec t  exceeds t h a t  of t h e  amplifier made 
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Figare 27. Amplifier Subatrate Deskaped ming Balancing 
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Figure 29. Crosscoupled Converter Noise 



R 
1 .  
E 
I 
f 
I 
s 
I 
I 
8 
I 
E 
t 
I 
I) 
E -- 

I 
8 
I 

A m p l i f i e r  i n p u t s  

s h o r t e d  C 6 ,  C 8  = 

200 p f  

1 vsec/cm 
50 mv/cm 

Figure 30. Amplifier Powered k y  Breadboard Power Supply, Module 
Power Supply Operating Converter Cnly 



9. 

SECTION 9 

FINAL UNIT SPEC IF'ICATIONS 

The spec i f i cz t ions  of t h e  f i n a l  u n i t  must be compared with t h e  o r i g i n a l  

desiRn goals t o  eva lua te  t h e  measure of success achieved. This has  been 

done i n  Table VI. Unless otherwise noted, a l l  amplifier measurements shown 

r e f e r  t o  t h e  connection of Figure 31. 

500 K 

Figure 31. AHPIJFIERTEST CIRCUIT 

The t a b l e  shows tha t  all design goa ls  have been met with t h e  exception of 

d r i f t .  For f u t u r e  units, it is  intended t o  r a i s e  t h e  minimum hfe and add a 

burn-in spec i f i ca t ion  t o  the  i n w t  s tage  devices. 

ab ly  i n  improving t h a t  spec i f ica t ion .  

der iva t ion ,  it should be noted. 

ampl i f ie r  c i r c u i t  i nd ica t e s  t h a t  t h e  limit could go a s  high as b.1 mv. 

ana lys i s  did,  however, assume a higher hft i n  the first stage.  

major i ty  o f  d r i f t  mcasurcments t o  d a t e  f a l l  within 2 mv, a s  seen by t h e  d i s t r i -  

bution of 57 u n i t s  (not  a l l  o f  which were shipped) shown i n  Figure 32. E f fec t s  

o f  t h e  sca l ing  r e s i s t o r s  were eliminated by connecting them outside tho temper- 

This should he lp  consider- 

The 2 mv shown is  n o t  a s t a t i s t i c a l  

8 A worst case computer ana lys i s  of t h e  

That 

The g r e a t  

. a t u r e  chamber. 
/ 



TABLE VX SPECIFICATION COMPARISON 

S D ~  c i f i c  a t  ion  

Power Consumption-- 28 v input ,  Q load 
no s igna l  watt 
max .  s i gna l  watt  

Power Supply Regulation-22-32 v input,  

Power Supply Efficiency - - 
Output Balance, inputs  shorted, 

Amplifier D r i f t -  ‘-55 t o  +125”C, re fer red  

full  temperature range VDC 

% 
% 

no load 
max. load 

re fer red  t o  t h e  input MVDC 

t o  t h e  input. Max .  

Gain -- open loop 

Max. Output Swing 

OutDut Impedance, 

In?ut Impedance, nominal 

Frequency Range -- input  signal, 

Common Mode Re Section ( typ ica l )  

Volume, Max. 

deight, t yp ica l  

Seal - helium leak r a t e  

Jibration: 

Shock: t rapezoidal ,  each plane 

no output d i s to r t ion  

200’- 2000 cps each plane 

MVDC 

DB 

V PK-PK 

Q 

KQ 

CPS 

DB 

CU. i n .  

cc/sec . 
G 

G 

1. *5 
59 2 1.1 

Achieved 

. .5 
1.2 

54 2 2 

30 
55 

2 02 

, 2.0 

123 

90.0 

70, t Y  

100 

100 

73 

31 

12.2 g r  

)-9to 10’’ 

80 

1000 
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0 

Figure 32, Temperature Drift Distribution 



.' 
r , .  

The .3l cubic inches compares q u i t e  favorably with the 11.5 cubic inches 

required t o  build the same c ircui t  using discrete components. 

t i on  thus represents 1 1 /2  orders of magnitude improvement. 

assemblies would occupy no more space than one discrete assembly. 

Volume reduc- 

30 integrated 

Computer - generated data shown In Figs.  33, 3k, and 35 characterizes the 

gain, input impedance, and phase angle of the amplifier operating open loop. 

, 

4 



25 DECREES C 

Figure 33. Open Loop G a i n  
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Figure 34, Open Loop Input Impedance 
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Figure 35. Open Loop Phase Angle 
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SECTION 10 

I 

10, CONCLUSIONS & RECOMMENDATIONS 

Mechanically, t he  un i t s  b u i l t  under t h i s  cont rac t  offer a s i g n i f i c a n t  reduc- 

t i o n  i n  s i z e  and weight over t he  s imi la r  uni t  b u i l t  with d i s c r e t e  components, 

The assembly i s  rugged and capable of withstanding severe mechanical s t resses .  

E lec t r i ca l ly ,  t h e  u n i t  operates well, w i t h  performance surpassing t h e  d i s c r e t e  

uni t  i n  some respects,  

b u t  some methods t o  improve this  a r e  known, 

Temperature d r i f t  does not q u i t e  meet t h e  design goal,  

Sustained operation a t  125OC i s  

t h e  most severe environment encountered by the  system, and i f  good results a r e  

t o  be achieved on f u t u r e  uni ts ,  semiconductors with s i l v e r  metall izing must 

not  be used. 

To improve r e l i a b i l i t y  on fu ture  units, addi t ional  screening of components 

should be specif ied,  pa r t i cu la r ly  matched semiconductors, headers and t rans-  

formers . 
Soldering t o  the  riser wires should be replaced i n  favor of welding, 

Improved t e s t  fixtures are necessary for  fu tu re  units as w e l l ,  par t i cu la r ly  

when t h e  copper wires a r e  replaced by less f l ex ib l e  kovar in order t o  permit 

welding , 

The g rea t e s t  Droblem remaining i s  the repa i r  o r  replacement of d i e  bonds o r  

soldered wires without using up the ava i lab le  gold. 

seems t o  have an e f f e c t  on t h i s ,  

f o r  fu tu re  contracts ,  

High temperature exposure 

Further s tud ies  on t h e  subjec t  are e s s e n t i a l  

Matched pa i r s  of 2N260S's, when avai lable ,  map be useful i n  t h i s  c i r c u i t ,  par- 

t i c u l a r l y  if f a l l o u t  devices c a n  be obtained s t  a low pr i ce ,  

Tolerances should be t;i@tened t o  3 ppm/OC f o r  R12 and R l 8 ,  loosened considerably 

f o r  most o ther  r e s i s to r s .  



. 
The use of  s i l k  screening t o  posi t ion so lde r  f o r  d i e  bonding should be 

invest igated,  pa r t i cu la r ly  if t h e  volume i s  large.  

Thin Film Capacitors should be used f o r  C9 and ClO t o  eliminate some of the 

crowding of d i s c r e t e  components. 

~ 1 6  should be modified on t h e  layout t o  permit c lose r  adjustment of o f f s e t  

voltage by means of t a p  se lec t ion  p r i o r  t o  seal ing t h e  can, thus eliminating 

some of t h e  e l ec t ro  thermal trimming now required. 

Bonding i s lands  should be added as an intermediate point  f o r  t h e  connections 

from the bases of QU4 and Q17 t o  t h e  emitters of Q13 and Q18 i n  order t o  

f a c i l i t a t e  troubleshooting. 
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