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N Xuoisier By Goucral Preeision 3ystems Tme.. Hearfott Group,; Kearfott
B 4 3
Srmrean Pigisior (ON) under HASA Conk B NAS.2.298L6, The amnli
l' SFoboag Division (E5D) wxier HASA Conbract Neo. NMAS-C- 106, Tie aapli-

T zmplificr, and pover module was designed and tested
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by 9 under ihe aforementioncd NASA Contract. The unit was rmenufaciured

ey caeles ouainst 5D Specification BLYSYI0032 and mssovlated siutenent of

wWorks

1 « SIRCUIT DESCRIPTION
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object of the desizn was to produce a driver which would provide a

difierential cutput at a mean level of +1i volts on reapense to input

ot
[

to single-ended input signals at ground level,
£= 3 £

iljization of standard integrated circults was the basic ldea behind

tue civeuit configuretion of Figure 1. {Schmatic diagram ).

—

i few deposited esistors were used to Join the aciive devices in%to a

fuanctional systenm.

The first amplifier (ARY in Figure 1) nrovides the gain., The nominal
gain of ARL is 4.7 v/v; it can be adjusted to any value between 5 and
50 v/v by connection of an appropriate resistor (Rx) between pins 1 and

36. The value of Rx can be detsmined within 5% from ecustion 2,
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G = overall gzain of tihe driver.
tace st the output of ARL ig a% ground level.
(&) i— £

Tha combination ARZ & AR3 works zs a phaseusﬁlitter. AR2 inverts the
siznal, AR3 doas not. Thus the effective galn of the aforemcutioned pair
i5 2 v/v. Thereby providing an overall gain adjustment of froa 10 v/v to
100 v/v izput to output. The quiescent level at the output of AR2, as

well as AR3, is 1L volts, or 1/2 of tha supply line voltage.

Transistors Q2 through Q9 provide current cain the pairs Q2/Q6 and OL/Q8
are arranged in the Darlington Confipuration, The pairs Q5/Q7 and Q5/Q9
arc opcraied 3s compound emitter-followers. A capacitor {C9) is provided
for the purposc of line decoupling. There are a few ancilliory components.
Transistor Q1 and lever diode CRL form a 15 volt regulator, used on the
pogitive supply for ARl, Capacitors €7, CB and resistors Ril and R12
stabilize the feedback loops of AR2 and AR3 respectively, The differential
output of the power section is capable of delivering 10 watis continuously.
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So0G guin stability, wide frequensy response and high efficiency are

L the major electrical charactcristics of the above driver. Thero ave
! Y
sy wechanical advantases. The package is small, it can bs casily

sovabod end it hes bood themeld charactoﬁsticg.

FIGURE 1

Bicck diagram of the 10 Watt Driver :
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T¢ s™ruld be noted that the Aaplifier circuitry desceribed in the
aforcientioned paragraph 18 the alternate aporoach submitted to NASA

in report #3, dated 10/15/67. The first approach, subsequently aporoved
by ¥AZh, was predicated on the availability of tho Norden Master Die
W.3725. Availability of the die appeared to ba assured at the time of
the iriitial proposcl and o3 the time of submittal of report #3. The die
in production 2% Horden for about two years and was used in a

moaber of Governaent contracts and some asgemblies manufactured by the
Cereral Precision Laboretories. Representatives of the United Aircraft
Co:ooration assured us thet the Mastor Die IM-3025 would become a major
aroduch of the recently cstatlished Electronics Components Division (ECD,
scc Pape 7 of Vector catalogue IM ~ 7/67). They submitted a quote on
Bovenber 3, 1967 (ECD quote #7-051) for the production of the die and
agsemble of the amplifiers.

Subsequently, as indicated in raport #l, ECD has withdrawn their quote,
stating that they have decided to discontinue manufacture of Master Die
WM-3025,

Therefore, KSD negotiated with other semiconductor houses for the ,
availanility of a die equivalent to the MM-3025. However, major contractors
like Texas Instrument, Westinghouse, ITT, Amclco, ¢ad Faiichild would

cnly produce intograted circuitry that utilize standard circults, packare
and assembly techniques, In fact, F.irchild Semiconductor and Amslco
cleimed they wowldonly assemble circuits utilizing devices manufactured
within their own organization,
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The reasons Falirchild and Amelco do not intend to uss devices manufactured
by other genlcondvchor houses is the additional problems cncountered in

teating and reliabllity of components procured from outside sources.

For the aforewentioned reasons, 0D was forced to pursus the approach
aubnitted to NASA as altemnate in the October svbmittal., However, upon
further investipation, the altcrnate approach, utilizing standard u\-709
intczrated eirenits for tha amplifier stage {the power stage remsins the sa:r:e) N
has proven move practical than the originml approach recormencded to NASA

in the Gcltober submittal.

1.2 ~ THFHAL ANALYSIS

To insure that the MEMA concept is capable of the required dicsipstion

for this package, a thermal analysis of the output power transistors and
operational amplificr section was performed. The output transistor has

a thermal resistance from the junction to moly tab to which it is gold-
silicon eutectic soldered of 5%/watt. The moly tab is .100 x ,100 inches
which will result in another 5°C/watt themal resistance to the flange

heat sink, The heat flow in the flange heat sink is both down and toward its
connecting screw, with no more than 2°C/wati. This total thermal rosistance
1s less than balf the value which is dictated bty a 150°C Junction, 120°C
ambient, and 2,3 watt dissipation.

It the power from the output transistors were {0 develop a thermel
gradient between the input transistors to the operational amplifiers,
then a deliterious offset voltage would be created, It will now be shoum,
tiet this elfect produces only a negligabls effect,
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The fect that the entire oporaticnal amplifier will go up ard down in
temperature 13 not relavent since it 1y designed to operate over a
substantial tcuperaturs renge.

It 1 safe to assume that two watts of power from the output transistors
is a maximum amount that might be flowing laterally in the heat airk
belcw the operational amplifisrs., The 1/2 x 1/16 inch copper flanze,

being a godd heat conductor, would have a thermalgradient.

T = %C.inch x 2wstts =  6.4°C/inch
e 10 watts 1/2 x 116"

The input transistors are only ,005% apart so the tempsrature difference
1s only .032°C. Offset is generatod at 2 millivolts per °C so that an
offact of only G microvolts would be generated by this effect. This
value is substantially below the 6 millivolt apecification which applies
to the 709, Additionally, the input transistors are mounted on a moly
tab which is separated by .026" of alumina from the copper flangs.

There is less thermal gradient in the moly tab thah in the copper.
Iastly, the operational amplifiers are oriented on the hsat siunk such

that the input trensistora lie on & equitemperature line which should
cause no themmal difference at all.
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The following table denicts the speciﬂcation limits versus typical test
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the circvit as originally designed performed very well nmeetine or exaredine

the electrical speciﬂcations contained in Kearfott $ystems Di\dsinn

~ . __document BL96000032 Section 3 as shown in the table selow,

TABLE 1

Test Spee. Linit Typieal Data
Powor Req +27na 13ma
Conversion *
Cain Suability 4.28 to L.T72 %.58 to L.68
Diff Output %,3 Volt 3.1 Vol
Diff Output #*
Drift _ 150V 2107
Output Voltaogas #
Swing 22vp-p =22vn-n
Freq Res # _:db to 190KHs =.56b to 100%Ke
Slew Rate 6v/usec 7.5 to 1lv/usce
F-fat Voltage s ~1.5V & L0Oma .8 10 1.3
Current Galn  # 1000 @ WCE=5V K to 20X
Dacillations  # = Tio 058501valls

osc., above nsiacb

# Tosted
over
t{}‘;’:p.
renze of
=25 4o
100°C
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Included teroin is additional test dat: o verify tho affects of the
Pouer Section on the drift characteristics of 4R, AR2 and AR3.

| oo

TEST SET UP

i, 401, AR2 and AP3 sct up so that they are 1ndopendént of powxer section,
Ping 23 and 25, 1 end 17 are shorted,

e B

2. Tun gain chscker w;th and without jower section on,

3. Adjust power disalpati.n 80 that package temperaturc dossn't exceed
100°C, (read with s MiniMite)

] Test Data
¥ith Power Section off With Power Section on (Packape Tomp 80°C)
Ein  EOL EO02 E03 Ein ECL E02 03
h 2.17 +10,00 410 2h.b2 2.17 10.00 )05 2.1
| 109 +5.00 9.4 19.28 1.09 5.00  9.09  19.26
N 00 0,00  +14.16  +l,1h 00 0.00 .12 W2
5,07 <5.00 198 8,59 -1.06 .00 190k M98

2.1 ~10,00 25,20 3.86 -2.15 «~10.00 24,18 3.93
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Llthough vhe vibraticn tests were not required to be performed, Amolco

asorfo,ned these Lects ab their own option. Included herein is a sumsmary of

these Lesi resulis.

mt

g
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M TESTS ON 5687MM {with hedt sink)

Tegt Setup

3_3“ ‘a'so‘ i' = ‘2._.-—-’

DiekKie

MmVT
.—-f; acce/eromeles
e Mown‘uf
Shaxe
Tavie

-Jead-Conditions

~- 3

1. ¥ounted package on 8.2 lbs of aluminum to get proper G levsl

2. Set amplitude to give 10g force on packags

3. Bun sweep frea. from 100 to 2000cps

he Electrical tests prior to tests were run then after 106, 156,

and 246.
Test 3A
EO1
Outpus BO2
&t Zero in
8
Frequency
Besp. & EO1
Amplitude
104
VCE SAT
Qb6
Q8
Q?
Q9

1.00 10G 15G 2LG
13.98 13.98 13.98  13.98
1h.21 .21 14,22 .22
OK (22v) ox(22v) 22V 22v
oK (22v) o©OK(22V) 22V 22V
1.17 1.15 1.16 1.15
1,01 1,00 1.00 1.00
1.17 .15 1.16 1.18
098 0% 096 09?
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Loh e PUNTTAR RADSATION TERSTING

o 10 untt anplifiern, developed uwnder Contract #NASZ-208L6, torether
120h o numier of itens lron other projects, were subjected to a nuclear

rosistion cnvironment on 5-24<68,.

e of the  mplificys (Serial #10) was irradiated under nomal operating

conditions, vith 2 load of 62 ohms, This amplifier ifniled within 1/2
tous Jron the commencenernt of the test. The residual gamma rate of the
reacior was approximatcly 20,000 Hads per hours That radiation ves

apparently sufficient &5 inflict perwangmb caszszlropilc dwrg, nrsiovls o

vurnoul of iranuistors, initizted by pawma induced leakage.

The other module (Scrizl F12) was irradiated under non-operating conditions.

It wes sxtpogsed o a total dose of 10 Rads,

Tests performed on 6-25-68 disclose the following changes in the

characteristics of the amplidier:

1.
2.

3.

Se

6.

Operating level:
Qutput offsst voltage

at a gain of 10:
Input current:
Input leaksge currents

Uutput swing, no loads

Output swing, 30 otms load:

No significant change

172 mv pre-radiation
132 mv nost-raditation

+T7 micrs A. pre=~
2,6 micro A, post-

1 micro A, pro-
1 micro A, poste

LS volts pk-pk pre-
43 volts pk-pk post-

kS volts pk-pk pre-
23 volts pk<pk post-
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7. OGtandeby pouwsr consumption: No significant chanre
8. Gains 9.66 pre

Test 3, 5 ond 6 ave significant in the light of established i'herozw of
ngebron=-in{licted radiation damage. Test 3 shows a depredation in \'\ fo

£ the input tranoisiors from approxinately 52 to sbout 15. Combineticn
of the yesulis of test § and 6 indicates degredation of thehfe of the
oubpub Duriingions to approximately h6, from an initial valuc in excess
of 1790,

Iy ia _pp :rant that further eiforts 2t radiation hardening of the amplifier
'* 13 Sogin with the outpul shage. An improvement of an order of magnitude

cun be achleved by slight modification in device and circult design.

1.5 - CONCLUSION

As 1t can be evidenced from table 1, section 1.3, it cap be determinded
that the modules meet the specification in all areas.

However, all modules were tested for oscillations prior.to shioment over
the temperature extremes by Amelco and were passed as having less than
2aV of noise and/or oscillation as specified. Testing of the modules by
ESD showed that some wodules wer¢ oscillating at 2MHz with an amplitude of
approximately 50 to 100 millivolts. Thres units were returned to Amcleo
by KSD for tests to verify these oscillations, It was shown thet the

Amelco test set-up used by Amelco could not observe miaa levels less than
100V in amplitude,
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ioviavigations ghoued thet these low level aacillations werc due to under
cotezsabion of the impab caplifier. Recommended compsnsation for this
anplifier with a gein of U is & 5000pf capecitor in series with 1.5K and
auoblcr 230>f cepucitor frou pln 5 to pin 6, This would very seriously

imit the slew rete however.

YL

Swrefore, 1% Lo zecwmended el a coanorvaise Letwsen frequency response
end slew rabe be made on future wnits. The frequency response dete included
iu Appendiz B appozrs to be a reascnable compromise, Frequency response was
fict to 6057n with somc peakinz occuring at 100%Hz. Slew rate is decreased
dawn to epproximately 1V/usec and distortion starts occuring =t §7-60KHz for
& 22 volt gwing on the outpub of AR2 and AR3. In sddition it would appear
1cagonavle to provids paths for lealage currsnts arcund $he basc cmitier
Junctions of the power stuges for future modules. These alterations cowld
be acconplished with a miniuum of layout pattern changes. Ths remaining
portions would not have to be changed. The three modified units, Serial #9,
11, and 15 were then submitted to NASA.




APFENDIX A

TEST RESULIS
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FINAL _TEST DATA
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ADDITIONAL TEST RESULTS

. a) Frequency response depicting incorporation of design modification.

b) Test performed on resistors, capacitors and transistors.
C (%o data recorded).

L f

¢) Test of affects of power section on drift characteristics
of AR1, AR2, AR3,

d) Vibration Tests =

Although vibration testing was part of the initial program,
approval was not forthcoming to perform this test. Therefore,
Amelco performed vibration test as defined in Section D,
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ELECTRICAL TEST RESULTS

Contained within this section is the electrical test results of three
MEMAS that were returned to Amelco and modified from the original
design.‘ The modification of these MEMAS incorporated increasing the
values ?f the compensating capacitors In AR1 from 150pf and 5pf

to 300pf and 30 pf respectively.

The MEMAS contalining serial numbers 9, 11 and 16 were modified as
defined above and proved to perform satisfactorily as evidenced by
the following test data for each MEMA. These tests were not verified
Governmcnt Source Inspection,

by
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APPENDIX *B*

wonboined within $lis geetion is the clecirical test results of three
FEAAS that vere returned to Amcleo and modified from the originmal design.
The medificotion of these MEMAS incorporated increasing the values of the
ceapensating capacitors in ARL from 150pf and Spf to 300pf and 30pf

respeciively.

o,

Tce MUIAS containing scerdal numbers 9, 11 and 16 were modified as defined
abovs and proved ¥ perloma satisfactorily as evidenced by the following

test dase for esach MEMA,

T.e following cale was gencratsd to show the frequency response of tho
subject MEMAS afler the modification of increasing the capascitors in AR1
o 330pf and 30pf in componenit networks.

ARl Only
Gain of 50
Freq. E in E out d
10KHs <07 3.60 51 20 log S1 = 34.2
S0 .07 3.70 52 3h.L
70K .07 3.90 56 35
100K 07 L.20 60 35.6
250K <07 2,00 28 29
500K 07 8 12 23
1MHs 07 37 5.3 14.5
MHz .07 07 1.0 0

Checked #£9, (11 and 16 were essentially the same as above).
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J

e,
Ve

An3 (AN set-up for low gain) AR2
Fruq. E in E out E in E out
#16 #9
l")lﬁfz 1.07 1.07 1.0 1.0
50 1.0 s 1 | 1.0 1.0 .15
i 1.0 1.15 1.0 1.02
120 1.0 1.20 1.0 1.08 1.5
250 1.0 5 1.0 95
SO0 1.0 17 1,0 .18
1MHz 5 . 5 <0l
Siftig
Slew Rate
i3l 1.2V = 5V/usec @ 4.6 volts our 10V = 4V/usec @ 10 voltis
.E L J us
AR2 2.4V/usec
AR3 3.4V/usec

#11

1.7
«26
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