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1.

INTRODUCTION

1.1 Aoplication

A high-gain, high-stability direct current amplifier designed for use

in Saturn instrumentation and control circuiltry presented some interest-
ing problems when attempts were made to achieve size reduction through
the application of integrated circuit techniques. Vbltage'levels and
resistance tolerance requirements are well beyond the state of the mono-
lithic art. Advanced techniques were required, however, to assure
minimum volume, weight and power consumptién. It was therefore proposed

to combine various aspects of thin film and hybrid chip technologies.

The George C. Marshall Space Flight Center of the National Aeronautics
and Space Administration awarded a contract to Motorola, Inc. Aerospace
Center for the development and fabrication of prototype and pilot pro-
duction models of such an assembly. This document constitutes the final
report of work done on that contract and its modifications. Systems
supnlied to NASA on the contract were intended for evaluation only.

Potential anplications ineluds numerous uses in the triple redundant

-~

circuitry of the Ssturn V Launch Vzhicle for Apollo and in the Orbiting

Telescope,

Within the Saturn System, these azsembliss are used in a computer for
operation of the hydraulic enpine controls, and are the last link between
man and machine, 3ince falilures here cannot be over~ridden by the pilot,
the case for exirecsliy reliatle circultry needs no further justification.
Motorola has endeavored to zunply the required level of reliability, and
a significant degree of success was achiaved. Extensive problems had
first to be overcome and A complete demonstiration of reliability must be

accomplished at a later time.



1.2 Circult Description

The circuit involved was soecified by NASA schematic SOM32393, repro-
duced here as Figure 1, and by design goals which were specified in the

contractual document as shown in Table I.
TABIE I

Drift: Maximum input drift of 1 mv over the temperature range
of -55°C to 125°C with: Rimy = Rinp = 50K 2, Rey = Ry
= 500K  2nd the input shorted. (Scaling resistors
external to temperature chamber.)

Power Consumotion: Quiescent condition: .5 watt., Max. input signal

(5K @ load): 1. watts (This power is measured at the input
to the power supply.)

Qutput Voltage Swing: 90 volts peak to peak with 19 ma output
current.

Qutout Impedance: (Same conditions given under drift specifica-
tions). Less than 100R over the linear range of O to %45
volts with 5K Q lecad to no load.

Power Supply Regulation: 59 #1.5 volts with input line voltages
of 22 to 32 VDC, with load variations from 3 to 12 ma,
and temperature vazlatiOﬂs of -55°C %o +125°

Phase Shift: Not more than 1.5 degrees lag at 5 cps, Ry = SOOK

Basically, the circuit is composed of a fully differential DC amplifier
and its regulated power supply. The amplifier contains three yoltage
amplification stages plus an output driver stage. Open loop gain approx-
imates 1.0 million (120 ¢b). Iumput and output are floating with common
mode rejection of about Ll db, and a nominal input impedance of 100K Q.
Any feedback for the total amplifier is selected externally to this
assembly to permit its use in a2 wide variety of applications including
operational amplifiers. Decoupling capacitors are included in overall

feedback and a roll-off capacitor is incliuded in the first amplification

stage to suppress parasitic cscillations,
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The first stage was designed for maximum gain with components specifi-
cally chosen and matched for minimum aifferential drift. A constant
current source in the emitters provides common mode attenuation and
maintains precise operating current. The absence of emitter resistors
provides a low input impedance and a hirgh voltage gain., In order to
take advantage of this high gain, the load impedance presented by the
second stage is kept high even at the expense of some gain. The third
gain stage has some degeneration in order to permit the second stage to
have voltage gain. Comnon mode feedback from the third stage is used for
temperature compensation, to provide bias stability in the third gain
stage, and to set the common mode output voltage from the driver stage

by comparing the third stage emitter voltage with a voltage divider.

The output driver stage is of a complemcntary'nature in order to drive
the anticipated load with the full voltage swing without excessive power

dissipation in the amplifier itself. 1

‘The power supply consists of a DC to DC converter and regulator. The

converter is a symmeatrical push-pull, magnetic-coupled vibrator opefating
at 100 Keps. Small feedvpazck windings on the square loop transformer
supply the energy necessary to sustain the oscillations as the full

input voltage appcafs alternately across the two sections of the primery
winding. The square-wave is stepped up in the transformer and rectified

in the full wave bridge; then filtered of spikes and noise.

Power supply regulation is schieved by a passing transistor in the nega-
tive leg and a feedback amplifier. Current limiting is provided by
cutting off the amplificr for reduced output voltage. This removes
base current from the passinz transistor to protect it against excessive

nower dissipation in hizh load situvations,

lReferences are listed at rear of volume
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SECTION 2

2. CIRCUIT DEVELOPMENT

2.1 Power Supply

Although the circuit was operational when furnished to Motorola, certain
changes were desirable to facilitate the conversion of the circuit to
thin films, and a small amount of final development was requested for the

power supply to assure good starting characteristics and improved efficiency.

Input coil Ll was deleted just prior to contract award as not essential
to the suppression of RFI on the 28 volt power source and in the interest

of volume reduction.

1

The oscillaﬁor devices originally sclécted were 2N203hés. One disadvantage
of that device is that it is a diffused junction device and generally only
planar devices lend themselves readily to hybrid chip assembly techniques
. such as were proposed for this system. 2N2034's also t&pically exhibit a
rather low alpha cutoff frequency (1.0 me), with a typical turn-off time.
as long as 3 micro seconds. The 2N3501 is a faster device (150 mc) and has
a typical storage time of 300 nanoseconds. It is a planar device and has a
somewhat higher hs,. Both dsvices have a collector-emitter breakdown of
60 volts. The regulator passing iransistor, originally selected as a
2N657A, was also changed to a 2N3501 to obtain the advantages of a planar
device and to reduce the number of device types used. A 1.5K Q resistor

in the oscillator-emitter circuit was found to be unnecessary and removed.

Originally, the oscillator was designed to operate at LKC, but was changed
to 100KC prior to the time the contract was awarded to Motorola. It was
then necessary to change the dicdes in the full wave bridge in order to
get faster switching speeds. In order to reduce the quantity of different

parts required, and to simplify azszarbly and visuval inspection, all dlodes



(other thaﬁ the zeners) were changed to 1NL31l's. A metallizing com=-
patibility problem arose with this device, however, sinée the top elec-
trode was metallized with a relatively large silver button, and there

had been no experience with ultrasonic bonds to silver at that time o
within Motorola. Available literature 2,3 wag rather Qague on the sub-
Ject, but seemed to indicate.that it was possible to make a satisfactory
ultrasonic bond between aluminum wire anﬁ a silver pad. A weld schedule.
was developed and a quantity of test bonds were evaluated and judged
satisfactory. Later, during tests of érototype systems,rthese bonds
became the object of considerable doubt as to their reliability as a

result of bonds occasionally lifting up at the silver,

These bonds were all good at one time and had been centrifuged at 1l,000

G's, but when they ultimately failed, there was very little, if any, of

' the characteristic deformation evident to high power microscopic inspec-

tion, It was concluded that the most probable explanation was that the
relativélyvsoft silver was absorbing the ultrasonic energy much as a
spring would do, resulting in weaker bonds. In an éttempt to overcome
this, the bonding schedule was changed to incresse the energy level,
which also required a larger wire size. Although a'relativcly small
number of bonds were made with this .002" wire, no failures were observed.
Attempts were made to obtain a similar device without silver Metallizing.
It was determined that such & device was available from the same supplier
(Transitron), but with only s 30 volt peak inverse rating. At about the
same time, a somewhat similar device was releaQed by Motorola Semiconductor
Products Division, This device, the MSD6100, is a triangular-shaped chip
with three common cathode planar junctions on it. Discrete samples were
obtained and tested in the breadboards of both the amplifier and the
power supply, &t room temperature and at temp;raturc extreﬁcs. In the

amplifier, diodes were chanred in one side only to help point out any



variations. No significant variations were observed. At about this

same time, some Transitron 1NL311l chips with aluminum anode metallizing
were made available for evaluation. The 30 volt rating was found to be
quite conservative, and the devices were typically good for over 95 volts,
as were the MSD6100's. Unfortunately, the value of these tests was
hindered by faulty backing on some of the 1NL31l chips; however, ‘it is

assumed that either device would be generally useful.

Because of the inc%ease in oscillator frequency, it was permissible to
reduce the two filter capacitors from luf to .luf, permitting a signifi-
cant reduction in size of these components which it was recognized would
have to rehain in discrete form. fhe bQTuf capacitor across the input
terminals was also reduced in size to the largestAvaiue that could be
obtained in a compatible case size. One vendor hadAa catalog item which
was specified as 3.%uf. Later, experience indicated that performance of

these parts was marginal and the value respecified to 2.7uf. A series
. +

of tests indicated that to assure starting of the oscillator under all

conditions, the 25K @ resistor in the input should be shunted by a 1500
picofarad capacitor, and hfe of the oscillator transistors should be

held at a minimum of 90.

The amplifier was redesigned to operate at a slightly lower supply
voltage to improve‘efficiency and to assure operation below the 60 volt
breakdovn rating of the transistors. The details of this redesign will
be digcussed below,'but the matter is mentioned now for its impact on
the power supply redesign. The redesigned amplifier operat&s down to
about 52 volts collector supply. and the power supply appeared to have
an overall regulation of about 3 volts. For this reason, a 5L volt
collector supply was specified, and the transformer sec@ndary turns

ratio modified accordingly.



Sa

The zener refefence dicde used for the fegulator amplifier stagc»waé
changed from an S-3727 to a 1NL776A for lower curfent, better regulation
and smaller size. The resistors in the amplifier emitter were changed -
from 60K @ to 80K @ to reduce the current through the réfcrence zener
and improve efficiency. A diode originally in series with the reference
zener was removed to improve temperature regulation of the power supply.
vTemperature regulation is shown ih Figure 2 prior to remﬁval of this
diode, and in Figure 3 after its removal, Becausé of the removal of
this diode, and because of the change of the desired output voltage,

the resistive divider for the amplifier base voltage was also altered.

A study of the short circuit protection providéd by the zener diode from
the emitter ‘of the amplifier to the supply output indicated that the
part was not necessary. It was deleted on systems made after the study,

but it was included in some of the early prototypes. Figure L shows the

short circuit data taken.

Forward diodés were added in the emitters of the oscillators to prevent
destruction of the oscillator transistors by continual reverse breakdown
of the base-emitter junction in the cutoff condition., A feedback signal
large enough to assure good turnoff under all combinations of operating
conditions (load, input voltage and temperature) will also exéeed the
BVWgpp rating for other combinations of operating conditions and will
eventually cause the device to fail., The effect of tﬁese parts on over-
211 efficiency can be seen in Table II, It should be noted that this was
not a problem ;ntil the oscillator was redesigned for 2N3501's, which have

8 BVgpg rating of about half that of the 2N203lL.
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TABLE II
Power Supply Input Current for 28 v Applied
Condition . No Ioad 5K @ Load
No emitter diodes or bases 9.6 ma 46 ma
Diodes in bases 9.8 u6.2
IN6L9ts in emitters 9.4 45.5
1NL311's in emitters 9.5 : 45.6

The two 50 £ resistors paralleled in the regulator return leg were
changed to a single 15 Q resistor to improve regulation of the new cir-
cuit. Two isolétion capacitors were added between case ground and the
28 volt input 1ine, and a coupling capacitor was.added between the power

supply output return and the input return as an AC ground.

Well into the fabrication of the prototype systems, a gfeat deal of
difficulty was encountered with the 2N2907A devices used throughout

both the power supply and amplifier. It ﬁas iniﬁially believed that
the probleh was one of contamination of devices which had remained in
storage and/or processing for an extended period; however, wash and bake.‘
processes which normally correct contamination problems were not success-
ful. More detailed investigations indicated that the failures were being
caused in the ultrasonic wire bonding process. The geometry of the
devices was too small and delicate for the energy levels involved. In
some cases where the device was not destroyed during wire bonding, the
passivation layer was damaged to the extent that contamination would
cause failure later, but could not be adequately corrected by cleaﬁing
processes. The problem did not arise in earlier assembly because the
energy levels used in the ultrasonic bonding were lower and not as
reliable. A good solution to the problem seemed to be to convert to a

2N20605 which is very nearly the same as the 2N2907A except for poorer
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high frequency characteristics which are not required for the D C
Amplifier., The geometry of the 2N2605 is large enough to preven£ -
damage to the chip during die bonding. It also has larger pads for
wire bonding and is made with aluminum metallizing. The 2N2907A is
gold metallized and does not bond as readily to aluminum metallizing.

The 2N2605 is actually considered complementary to the 2N2L8l.
The schgmatic'of the modified power supply is shown in Figure 5.

The resultant power supply is simple, quite efficient (see Figure 6)

and compact, Should it be desirable to use the power supply alone for

some application, this could readily be done. A minor charge to make

a new pinch-off tool for cutting.the cover to its correct height would
permit the circuit to be placed in a lower package measuring .80'x .83 x: .31

inches tall.

Amplifier |
Most of the changes that were made in the amplifier circult were for the
purpose of permitting the circuit to operate satisfactorily on a lower

collector supply voltage. The advantages of such a modification are =

" more efficient power supply and a lower collector-emitier breakdown

requirement on the devices. The original specification was for 57.5 to-
60.5 which leaves 1ittle safety margin on devices rated at 60 volts.

To permit operation on a nominal S4 volt supply, the PNP's in the out-

put driver stage were changed to Darlingtons for greater current ampli-
fication. As a part of this change, another compensating diode was added .
to each collector of the third stage, and the collector resistors were
doubled. The common mode resistor in the third stnfe enitter was also

raised at that time,
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Matched pairs for the gain stages presented some specification problems
until Union Carbide marketed a 2NLOL2. That device was originally made
as a monolithic chip which could be connecﬁed either as a dual Darlington
or as a closely matched pair, depending on the métallizing pattern
selected by the manufacturer. Between procurement of devices for the
prototypes and procurement for pilot production, the design of the chip -
was modified to contain only two junctions, as a fifth (parasitic) tran-
sistor had been shown to be present and harmful, particularly to the dual
Darlington pattern. These devices were intended by the manufacturer to
replace the 2N2920 and have always outperformediit. Obtaining full
advantage of these devices requires some éxfra handling, however, when
they are to be used in chi? form. To buy the devices in c¢chip or wafer

form would prevent testing of the temperature variation in V_. match, a

BE
particularly critiéal parameter in the first gain stage. To overcome
this problem, the vendor devised a system of die bonding the chip to a‘
small gold-plated kovar tab which was tﬁen fastened lightly’with a
temporary adhesive to a TO-5 header with extra tall posts. Gold wires

are then ball-bonded to the chip‘and to the top of the posts, and the
package covered with a plastic cap for protection during testing and
shipping. Upon receipt of the devices for assembly into thg systems,

the plastic caps are simply lifted off, the wires broken near their bonds,
to the post, and the temporary bond between the fab and the header is
broken., The device and kovar tab, complete with wires, can then be lifted
off of the TO-5 header and die bonded to the amplifier substrate. The
device intended for use in the first stage was specified to match hfe

as closely as the vendor would agree to supply,..% minimum, (This is

the ratio of hfe for the two devices, taking_the‘iarger one as a denomi-
nator.) Both this device and the one used in the second stage are given

special numbers by the vendor, but since these numbers are not meaningful
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to anyone not intimately associated with the job, the derivative device
number (2NLOL2) is retained on the schematics,. These devices are com-
pletely specified on Motorola purchase documents, as are all other dis-

crete parts used in this assembly.

Replacement of the 2N2920.in the output driver stage with a 2Nh0hé was
planned, but breadboard tests soon emphasized an insufficient safety
margin oﬁ collector current in that stage. The 2N2920 was rated at 30 ma
collector current, while the 2NLOL2 is rated at only 10 ma. Normal
operation calls for 9 ma in the outpﬁt stage; and transients or trouble
in earlier stages would then cause catastrophic failure of the 2NLOL2,
after which all four of the PNP's would also fail. 2N2L48L's were speci-
fied for their high collector current rating (50 ma) and bccausé these
are the devices which are matched to obtain 2N2920's, Device matching

is not critical in the output stage; therefore, tﬁe 2n2L8hL catalog

characteristics are adequate.

The common mode current source in the first stage_emitﬁers, originally

a 2N$10, was respecified as a 2N248lL to reduce the number of device types

used,

Collector resistors in the first stage were broken up to assist in tﬁc
electrical trimming procedures used for‘final_balance of the ampliricf,
but the total values were not changed. The internal feedback capacitors
vere dropped from 1000 picdfarads to 200 picofarads to give greater

flexikility to the user in eventual applications of the system.

It was requested by NASA that a trimpot used in the first stage of the
discrete assembly be replaced by some other more hipghly reliable method

of nulling the amplifier to within #* .2 millivolt referred to the input .
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at room temperature. This was accomplished by making R16 in a series
of 2K segments, one tap of which is selected in test to give the best
possible balance to within approximately * .l millivolt. For those units
that are not within the desired * .2 mv limit, special provisions haQe
been made to connect the proper resistor to a device which trims the
resistance by means of an electro-thermal orocess. This process was
developed at Motorola prior to the award of this cont;act and was re-
fined with Motbrola funds for particular application to this work.

Patent applications are pending, and tﬁe process is considered proprie-

tary.

A schematic of the modified amplifier circuit is shown in Figure 7.

Figure 8 shows a typical frequency response curve,

For applications whére an internal power supply is not required, it should
be practical to lower thé height ‘of the cover and shelf (the amplifier
cannot reét directly on the header due to spacing of the riser wires)

and package it separately for a minimum one-time tooling charge. This
should result in a package measuring .80 x .83 x .20 inch tall. It

might prove practical, if sufficient quantites were involved (i.e. 100
units), to redesign the amplifier to fit on.two‘smaller substrates. The
result could be a package smaller than the present one in all three dimen-

sions.

It is also possible to retool the header to accept the large substrate;
howeverz this would involve enlarging the dlstance between the pin rows
and therefore also increase one lateral dimension., The resultant package
size wonld be .80 x .88 x .18 inch tall, and all tools reauired for the
hesader would have to be replaced. This alternative is not rccommended

unless a ,02 inch reduction in height is absolutely essential.
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2.3 Transformer Redesign

Considerable difficulty was experienced in obtaining transférmers for
use in the power supply. DMotorola maintains a Transformer Facility =
staffed with transfﬁrmer specialists to serﬁicc,all Mbtorola projects.
Early samples made by the group did not operate properly at high loads
until the recommendation was made to use bifilar primary windings to
increase coupling. Secondary turns were reduced from 375 to 3L5S as
mentioned above to lower the supply output voltage. The turns on the

feedback winding were also reduced from 18 to 10 to avoid excess pulses

on the bases of oscillator transistors. Wire size was also increased to &

AWGLO from AWGL2 for greater strength. Toward the end of the project, a
sample was made with AWG38. Tests indicate that the device is satisfactory.
It is suggested that future units be made in this way to further improve
the durability of the part for the testing, processing.and handling which

it must endure. It is further suggestcd‘that simple carrier boards be

made with terminal posts on a printed circuit card which can be plugged
directly into a test socket for electrical tests and screening. The good
transformers could then be stored on these carriers and cut off just prior
to attachment to the thin film substrate. Such an approach will consider-
ably reduce the breakage due to handling of the parts, which has been of

serious proportions on the present contract.

It has been sugpested that all discrete parts be mounted to a smali printed
circuit board as a geparate subassembly. The suggestion was made naaf the
rnd of the contract and has not been investigétcd. "However, it is believed

that the success of such an approach will be dependent upon a significant

size redvction in the transformer.



- 22 -

An early evaluation of a transformer (NASA #C—h56) made %ith a smaller
core was performed. The part drew éxgessive currents, overheated, and
was generally unsatisfactory. The size of the present toroid is not
particularly restricfive except in heighi. A reduction in height of
this part could be reflected directly in reduced height of the finished

package.

The final transformer design is completely specified on Motorola drawing

#2L-22314F.



- SECTION 3

]3- PACKAGE DEVELOPMENT =~ - p

3. 1 Requirements

It was required to design a package for this circuit which would meet

the following requirements‘f

1. Size: Maximum dimensions of .80 inches in length or width -
© and .50 inches tall. Maximum volume, +32 cuble inches. ;

2. Pin Connectionsiv All are to be on a common surface suited«t
' for mounting to a conventional printed circuit card. '
},3.'\Hermeticitx: A maximum helium‘leakerate of'l x 10'7

per second. S

L. 'Temperature Range: -55’0 to +125+C operating. N
‘5; ;Vibration. 50 G's peak, 200 to 2000 cps in all three planes.;;

_'*'6.‘ Shock: 100 G's for 11 milliseconds in each plane.

: "dimensional mockup was made at 10:1 size.‘ Substrates were made of plexi-
' -glass and discrete components made from balsa.wood._ With this model, pro-
posed component packages could be easily tried'for chpatibility.Hith the -

| rest of the assembly; :

It was quite obvious from the start that the complete circuit would not 1
fit on a Single substrate. A logical way'to break the circuit up was to

have an amplifier substrate and 8 power supply substrate.

 Because of power considerations and size limitations;»it wasrdecided toﬁf
place the power supply, the smaller of the two substrates, directly on the
header and stack the amplifier above it with some form of a heat conductiv ’
support that would also tend to shield the amplifier from stray pickup rrom

- ‘the 100 Kcps oscillator in the power supply. This support was originally

i intended to be a flat shelf of sheet metal placed on four rectangular j~"i{fljif“
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corner posts made of silver. The mockup reflected this design and was
taken to Huntsville for a design review with NASA engineers as required
by the contract. The evolution of this part following the design review

will be covered in Paragraph 3.5.

Substrates
Substrate sizes were determined by various criteria. The power supply
was chosen from standard sizes conviently avallable at low cost. Tooling

was also available at Motorola for use,in depositing films on that size

substrate.

The amplifier substrate was chosen to be as large as possible and still
£it within size limitations. The edges were notched for ease of assembly

and to gain additional space for the metallizing to which the riser wires

~ could be soldered. A disadvantage of this specification is that the

notches made the part non-standard and more expensive, and delivery times
longer. Another disadvantage was that tooling had to be designed and
made for depositions to this size substrate. The substrates are com-

pletely specified on Mbtorola.drawings #11-22310F01 and #11-22309F01.

Header

The header is a stamped and coined base specially designed for this assem-‘
bly. The header is made from kovar to give relisble matching between the
temperature coefficients of expansion for the'glass and header materials.
Pins are also kovar for the same reason and are made of standard tran-
sistor lead maieriél. The ping are spaeed on standard 0.10 inch centers
to match common printed circuit spacings, and one pin was deleted to
polarize the package against accidental incorrect insertion into the
matine socket. During a vibration test, it became apparent that the pins

alone were not sufficiently strong to hold -the package securely during
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such intense mechanical stress. The pins were clamped in the socket

far enough below the surface of the header, tﬁat the length of pin
between the clamped points and the header was free to oscillate, over-
stressing them to'eventual failure. All pins were.shearcd off of

serial number 5 in this manner at a level about even with the surfaée

6f the glass. It 1s interesting to note that before opening the package
for inspection and salvage, the unit was found 4o exhibit no degradation

in leak rate, in spite of the severe stress placed on the glass.

As a result of this problem, more complete studies were made of the
mounting methods. Chénging the size of the pins to .020 inch was eval-&
uated as a correction. it was concluded that such a éhangc would raisgf
the resonance to about the 2000 cycle limit; however, stresses within |
the pin wires themselves would remain dangerously high. Therefore, it
was concluded that an auxiliary hold-down technique sucﬁ as studs was .-
required. Two studs were éelected rather thén one to avoid rotational
pressures on the pins, and they were located off center as an additionsl
guard against incorrect insertion in the socket. The studs are spot

welded and brazed for double strength.

Use of cold rolled steel as a header material instead of kovar was con-
sidered as a possible cost reduction. Howevcr,.this ﬁould require an
intentional mismatch between the expansion characteristics and a com-
pression seal to the glass., Although the header vendor saYs this scheme
is vsed by 90% of all relay manufacturers, it was not coﬁsidered suffi-
ciently well proven for an assembly of this size, nor would the cost
savings be significant in relation to the total cost. If at some later

time the risk can be shown to be nonexistent, the material change might

be made on @ cost reduction basis.
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Earlier parts made to this drawing exhibited a tendency for the ground
pin (pin L) to fracture at the header surface. The possibility of using

the hold down stud in place of this pin was briefly considered; but dig=~

_ carded for lack of a good method for making electrical corrections inside

. of the can as well as the added difficulty of wiring to the stud on a

printed circuit board. Some experimenting by the header vendor indicated
that the problem could be avoided by varying the brazing and annealing

processes. This was done and the problem was solved.

Crazing of the'glass bead was noticed by microscopic inspection on the

last shipment of headers. Although this was objectionable, it was not
clear how deep the crazing went, and it was possible to obtain good leak
rates in spite of the érazing. An empty package ﬁas sealed up and leak
tested, then subjected to é series of temperature shocks with leak tests
repeated at various points during the shocks. These shocks constituted
alternating the test package between a ~55°C chamber and a +125°C chamber,
approximately every 15 minutes. Results of the tests are shown in Figure 9.
The cause of the crazing is not definitely known; however, no future parts

will be accepted if they exhibit this crazing.

Shelf

Early configurations for this support shelf for the amplifier substrate
have been mentioned in paragranh 3.2 above, Following the design review,
the shelf was redesigned to be a one-piece, four-legged item,-with»the
four leps bowed slightly to make spring contact to the sides of the cover
for better heat transfer and mechanical riéidity. Original designs
calling for this shelf to be screwed to the header were dropped. The
header was difficult to tap for such small threads, and screws were not
needed, as it was found that the solder used to seal the cover would also

fasten the shelf to the header,



LEAK RATE - CC BELIUM/SEC.

-9
2 x10

10

107,

-27-

10

20 Lo

60

TEMPERATURE SHOCK CYCLES

Figure 9. Temperature Shcck Effects on Leak Rate




3.6

-28 ~

When problems ;rose with the ground pin on the headerk(paragraph 3.
sbove), it was decided to design a ground lug on this shelf so that the
ground pin could be glassed-in if necessary and grounded to the package

by the lug. The header problem was solved, and the lug did not turn out

to be necessary; however, had it turned out to be necessary, a long réorder
delay would have been avoided. Future purchases may be made without the : :-

lug, or it may be simply broken off.

Cover |

The cover for this package is drawn and sheared to match the header, and
was also specially designed for this package. Corner radii'required to
make good use of the space inside were very tight, and the vendor was
reluctant to attempt such a draw with kovar. Prototypes were made from
brass for this reason. The different temperature coefficients of expan-
sion for these two metals were thought to be a factor iﬁ problems that
arose in gettihgvgdod solder seals betwegn these parts. The vendor was
pressed to develop the ability to draw corneis as tightly as required,

vwhich he did. Pilot production models were all assembled with covers

drawn from kovar.

Clearances between the riser wires to the amplifier substrate and the walls
of the cover were extremely tight, and shorts were encountered. The two
walls adjacent to the risers and the top of the cover were coated with a
high-tcmperature, high-voltage dielectric material called "H-film" for
relief from these shorts, but the clearance was so tight that the wiring
joints on the riscré would abrade this film during vibration and puncture
it. Relief in the width dimension (only) was requested from NASA and
received. Both cover and header Werexrcdesigned for a width of .83".

H-film is probably no longer necessary in the expanded cover; however, it

is quite inexpensive and has been retained for additional insurance against

shorts.
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3.7 Ruggedizing Materials

Frequently assemblies of this sort are'completeky filled with potting
material. To do so with tﬁis assembly would be‘somewhat\diffiéult be-
"cause of its double-deck nature.‘ An-eﬁen'greater drawback was the fact -
that this potting would virtually make a throw~-away unit out of what is
otherwise a repairable unit. However, the discrete components needed
some extra support to augment their fine and fragile leads, particularly
the large 1 uf capacitor (C7) on the amplifier substrate which must be
cantilever mounfed. These parts were given a heavy cdnformal coating of
a semi-rigid ruggedizing'ﬁaterial designea to hold only these discrete
parts in place and without exerting stresses upon-adjacent thin film
patterns. Difficulty was experienced in several of the early units with
C7 tearing loose in vibration until the cure cycle for the material was

properly adjusted.

Tape, commonly used as a binder.for transformefs, causes a special problem
when used in conjunction with hybrid circuits., After soldering the trans-
former wires to the substrate, chemicals ordinarily used to remove flux
regidues also attack the adhesive on the tépe and cause it to go into a
temporary suspension, then settle out elseﬁhere on the asgembly. If this
happens to be on top of a semiconductor chip, as it frequently is, damage
to the device is likely to occur. In any event, the residue remains tacky
ard attracts dirt and other éontaminants. For thaﬁ reason, tape was elimi-

nated, and a ruggedizing coating used which would be compatible with later

cleaning processes,

Open simiconductor devices tend to collect surface contamination which
eventually causes device failure if left exposed, even in clean room

atmospheres, for extended periods of time. To avoid the occurrence of

this, all open die were given a coating of varnish, thin enough to permit

repairs should they become necessary.
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3.8 Thermal Analysis

A preliminary thermal analysis was prepared'for this package.by thefmal
éxperts from Motorola's Mechanical Engineering Laboratory. This group
functions as a staff of experts in thermal analysis and furnishes a con-
sulting service to other deparfments or projects as requireé; The prelim-
inary analysis was based on tentative layouts of the substrate assemblies,
preliminary concepts of tﬁe mechanical design, and known electricsl character-
ietics of the circuit and thermal properties of materiais to be used.h

This report showed the major contributors to internal heat dissipation would
have probable températﬁre rises of 8°C or less with reSpcct to the header.

A1l parts would remain below the 10°C temperature rise set as a target

maximum by the project.

Further analysis was done using a digital computer program which had been
developed and tested by Motorola's Mechanical Eﬁgineering Laboratory on cone
tract N62269-2393 for the U, S. Naval Air Development Center (Warminster, Pa).5

The approach used by this analysis involves four steps as follows:

Divide the entire package into small cubes or nodes;

2. Determine the power dissipated in each node;

3. Determine thermal transfer coefficients of the materials
within the nodes;

L. Feed the data to the digital computer for analysis with the
special program, '

A Scientific Data Systems Model 930 computer installation is maintsined and
operated full time for the exc}usive use of Aerospsce Center engineering pro-
Jects. The nodal breakdown used for this analysis is ahowﬁ in Figure 10,
Dats from analyses was used a2s é guide in the design of the final layouts
made for both snbstfates and the final desien of the supéort shelf for the

amplifier, These designs were in turn used to compute a final thermal analysis

Qf the package, Power dissipations for each node were recalculated and nodal

~ breskdown remained’the same as that shown in Figure 10.
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Figure 10. Nodal Breakdown of Hybrid DC Amplifier
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Table IIT contains the final estimated témperature rise of‘all nodes
over the presumed heat sink base, node 54. Node 55, the ambient, was
assumed to be at the same temperature as node 54. This analysis indica-
ted that the grédients on the top wafer may be expected to be less than -
1°C with a maximum temperature rise of 6°C over the header. The power
supply substrate, due to its high concentfation of power in one node
(node 5), displayed a gradient of 3.3°C with a maximum temperature rise

of 3.5°C. All component temperatures were found to fall below the maxi-

mum predicted values.

Some assumptions on which this analysis was based will be listed here:

1. The twenty mil alumina amplifier substrate was assumed to
be bonded by a two mil thick film of epoxy to a ten mil
thick beryllium copper substrate support shelf.

The power supply substrate was also assumed to be bonded
to the header with a two mil epoxy film.

3. The substrate support shelf was to be attached to the base
~ in four places by screws with sufficient pressure to provide
a 2 watt/°C-Sq. In.) contact conductance.

(These screws
were later replaced by solder.)

It should be noted that the node temperatures represent the attachment

points for chips. It 1s to be expected that die bond fesistance will in-

crease the actual junction temperature. ‘Thcsc temperature rises are a

function of the die size and bonding techniqucs.‘ Because of the lack of

definitive information on bond resistances available at the time, some

empirical data for the thermal resistance of the proposed gsofi solder die

bbnds were needed. To obtain this information, the Integral Circuit

Fecility prepared five samples to be tested by the thermo group of the

Mechanical Engineering Laboratory. The samples consisted of 0.5 x 0.5 x 0,025 -

inch alumina wafers with 25 mil triangular silicon transistor chips bonded

to thin film pold bonding pads.,
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Test results obtained 5y the ZSVBE method, at épproximately a 170 M4 .

level, indicated a junction-to-wafer resistance of 210°C/W * 15%. By

correlating the data on a per unit area basis, a thermal transmittance
of 17 W/°C~Sq. In. was obtained. Translating this into an expected

junction-to~-wafer resistance for a 25 mil square transistor chip, a

thermal resistance of 94°C/W should be expected.

It should be‘noted that the measured tin-lead eutectic soldér resistance
(17W/°C-Sq. In,) was not as poor as had been anticipated. Data taken at
about the same time tends to support a comparable value (20 W/°C-Sq. In.)
for the gold germanium eutectic solder. This information along with the

computer results was used to choose final component locations,

The regsults of the thermal analysis effort indicated that the thermal

design would be satisfactory.

Final Mechanical Specifications -

Results and measurements taken from finished units are for é size of

.80 x .83 x .47 inch tall and volume of .32 cubic inches. Hermeticity

of 107 to 107" cubic centimeters per second helium leask rate was achieved.
Weipght of a finished unit is typically 12.2 érams. Part densities
achieved are 302,000 parts per cubic foot for the power supply, 659,000

varts per cubic foot for the amplifier alone, and'héo,OOO parts per cubic

foot - for the overall assembly.

Destruction Test

Information was desired as to the limiting mechanical strength of the
units made under this contract. This was to be obtained by applying
mechanical stresses of gradually increasing severity to an operating

unit, whiie watching for a failure. It was agreed to begin with sinusoidal

vibration up to the limit of avsilable vibration tables (80 G's) and to
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continue thereafter with shock tests until failure. Shock test levels
were selected to roughly correspond in amplitude to 100, 150 and 200 G

sinusoidal tests.

Serial number 26 was selected for these tests after completing all
ordinary check out tests and the ten day room temperature bufn—in. To
verify that the unit initially met standard specifications, the unit

was given a 50 G vibration test (200 to 2000 cps and return in a 15-

‘minute cycle) in the worst (vertical) plane.

The unit_operated succcésfully throughout. The unit Qas then given cycles
at L0, 60, and 80 G from 200 to 2000 cps and return at .5 octave per
minute, ihe wnit was operating throughout, and thé-tests were performed
for one cycle in each plang. During the first cycle at 80 G's (performed
in the plane parallei to the header and parallel to the planes of the
riser wires) a shift in offset voltage from SAMilliVOlté was noted. This
seemed to be a non-catastrophic type failure which would be extremely
difficult to locate and diagnose. Thﬁs, the decision was made to continue
testing until the failure became more pronounced. All three planes were
completed at 80 G's, with no other’change noted. Shock tests were per-
formed at levels of 8hL, 125, 167 and 210 G's in a2 half sine wave of

5 * 1 millisecond duration, in all three planes with the unit operating.
Again, no'qhanges were detected. At this time, the limit of the drop
table began to be a factor requiring reduced durations to avoid over-
stressing the equipment. 'ﬁropa of 280 G's for 3 milliseconds were made

in all three planes, without effect bn the gnit. The cable attached to
the fixture was damaged, hovwever, to the extent that it was no longer
practical to move the unit from one plane to another, The uniﬁ was there-
fore placed in its vertical pogsition for maximum effcét, and given two

drops at 750 G's of two millisecond duration, 3 drops at 650 G's and 750 G's,
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plus 1 drop each at 800 G's and 900 G's and 2 dfops at 1000 G's for

1 millisecond duration. The last two drops exhibited a very noisy wave-
form to further incresse the severity. 'Figure 11 shows the accellero-
meter output displayed on a calibrated oscilloscbpe with CRT storage.'
Note the magnitude and duration of the noise following the maiﬁ shock,
No damage was done to the unit, and no further changes were observed in

its operation. No change in the power supply was observable at any time.

The unit was removed from its can and photbgraphéd (See Figure 12.)

Two potential short circuits can be seen in the leads from Q9-Q10; how-

ever, moving these leads had no effect on the operation of the unit.
Semiconductors were checked on a curve tracer and found to be good. Aftef
opening the unit; 1t exhibited a still higher offset, 150 mv., Input

current remained at 17 ma as it was prior to the destruction test.
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Figure1l2, Destruction Test Amplifier Substrate
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SECTION 4

ARTWORK AND IAYOUTS

Both substrates were laid out a£ ten times size to rough.approximatibps.fOr
a preliminary solution. These layouts weré used for ?arious purposes, in-
cluding a verification of tﬁe adequacy of substrate size selections, parts
placement for asscmbly'of the mockup, and calculations fo; use in the prgliﬁ-
inary thermal analysis. Substrate sizes were adequate, but the thermal
analysis mentioned above produced information for desirable changes. A
second layout was then made at ten times size incorporating these modifica~
tions. Final designs included}resistors which_wé&e 3 to 10 mils wide, and
400 R per square for both substrates. in addition, the amplifier substrate .
contains loﬁ value resistors to be made at 50 @ per squarc; One low value‘
resistor on the power supply,sgbstrate is best made,with.a silicon resistor
chip to be die honded to‘the substrate in order to eliminate a_separate

deposition.

Tape layouts were made at forty times size as a standard procedure, and photo-

graphically redvced to a multiple positive from which the aperture masks can

be made. It was also required to make special tooling to hold the amplifier

substrates and masks in close relationship to each-ﬁtherf Tolerances to
i'.OOl.inch are held between adjacent depositions., The layout of the power
supply is shown in Figure 13, and the amplifier substrate layout is showh in
Figure 1h. Drawings showing various stages of assembly of both substrates

are shown in Figures 15, 16 and 17.
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Figure 15.

Q> . CRI®

Power Supply Semiconductor Assembly




Figure 16. Power Supply Toroid Assembly




Figure 17. Amplifier Substrate Semiconductor Assembly
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SECTION 5

5, THIN FIIMS

S.1

5.2

5.3

So’l

Resistor Deposition

All film resistors used in this design are'made from nickel-chrome
film. Both substrates use a sheet resistance of L4OO R per square, and
the amplifier.uses an additional film of 50 Q per square for low value
resistors., These resistors have the following reliability character-
istics:
A. Value unchanged by soldering in proximity.
B. Variations in valﬁes average + ,1% for a 2000-hour life.
test at full lecad. Maximum observed change in 2000 hours
has been + ,7% for full loading, + .16% for 20% loading
and + ,6L% for 200% loading. This information was obtained
from tests made on 36 resistors, each operated for 2712
hours for a total of over 97,000 component hours. 7 .
Conductors
A1l conductors for both substrates are vacuum deposited in the form of a
chromium and gold'film. Tyolcal sheet resistance for this film is .1
per square. For the smplifier substrate, two separate depositions are

required in order to keep the apertures to an acceptable number and give

adequate strength to the masks,

Dielectric
A vacuum deposit of silicon monoxide or silicon dioxide is used to encap-
sulate the thin film resistors. This provides environmental stability as

well as sbrasion and scuffing protection during assembly and testing.

Resistor Trimming

Resistors are adjusted in both absolute value and in temperature coeffi-
clent as required to achieve necessery accuracy. This is done by a
special thermoelectric process developed at Motorola Aerospace Center,

Resistors are adjusted to the requifements shown in Tables IV and V for

the nower sunply and amplifier respectively.



TABIE IV

POWER SUPPLY SUBSTRATE SPECIFICATIONS

COMPONENT NOMINAL TOLERANCE (%)
Rl | 25K 30
R2. 45K 20
R3 35K | 20
Rl 5.7K 20
R5e 159 20
R6 JOOK 20'
R7 15.2K 20
R8 1K 20
R9 83K 20
%,-?- Ratio 5.35 -

to 5.57
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TABLE V

AMPLIFIER SUBSTRATE SPECIFICATIONS

COMPONENT VALUE TOLERANCE T.C GROUP TOLERANCE D.C
Q (PPM/°C) (PPM/°C)
R10 100K 30 - A 2 -
R11 100K 30 - A 2 -
R12 100K 20 100 .1 5
R13 100K 10 200 - - —
R1h 50 20 100 - - -~
RIS LOK 20 100 D 1. 12
R16 22K 20 100 D - 12
R17 LOK 120 100 D 1. 12
R18 100K 20 100 B .1 -5
R19 80K 10 200 c 1. 50
R20 33K 10 200 c 1. 50
R21 80K 20 200 - - --
R22 1.5K 10 100 B 1. -
R23 1.5K 10 160_ E 1. -
R2L LK 10 200 c . 1. 50
R25 36K 20 200 F 2. 25
R26 36K 20 200 F 2. 25
R27 6.8K 10 100 G 1. 50
R28 200 20 200 H 2. 50
R29 200 20 200 " H 2. 50
R30 100 10 100 J 2, 25
R31 140K 10 100 ¢ 1. 25
R32 1,0 10 100 G 1. 25
R33 100 10 100 J 2. 25
R3L 100 10 100 J 2. 25
R3S 100 10 100 J 2. 25
R36 160K 20 100 X 1. 12
R37 160K 20 100 K 1. 12
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SECTION 6

6, ASSEMBLY

6.1 Die Bonds
Normally, die bonds in: the semicondﬁctof industry are hade using a
special solder.made of a gold-germanium eutectic alloy, which melts at
420°C. These temperatures would not permit the maintenance of the pre-
cise resistor values requifed. This led to the use of a low temperatureQ
tin-lead eutectic solder for which process‘and material specifications

had been developed at Motorola prior to the award of this contract.

6.2 Wire Bonds
Thermal compression wife bonds have been in common usage throughout the
semiconductor industry for some time. However, the temperatures required
here exceed those which eutectic tih-lead die bonds can safely‘withstand.
For this reason, ultrasonic wire bonds were proposed for usezin this

assembly, Wire to be used is .00l inch diameter aluminum,

Although Motorola had studied and used.this,bonding technique at vari&ﬁs

times, various problems did arise §uring the course of the project. To

assure good wire bonds, two test steps were initiated. One of these re-

quired that sample wire bondsAbe pulled to destruction twice each day.

If, at any time, these bonds did not exhibit required strengths of 3 grams
~minimum, the machine was removed from production and repaired. All work

done since the previous pull test was feéevaluated.‘,The other check

initiated was a centrifuge test, discussed below.

6.3 Centrifuge
Each substrate was subjected to s centrifuge'test as avqualitative test

on die and wire bonds. Normally, tests are run at 20,000 G's for one -

minute; however, this had to be reduced to 1L,000 G's to prevent minor
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warpage of the substrates from causing destruction of otherwise useable

assemblies during this test.

" External Connectlons

Wires from the éubstrate to the riser ﬁires ﬁave to date beén made
entirely of .005 inch copper wire.soldered at both endé. Processes

have been prepared to replace this with a kovar wire which can be welded
to the risers in future assemblies. Sample welds‘have'been made, sec-
tioned, and analyzed to prove the integrity of the process. These wires
would still be soldered to the substrate, however,'until'such time as

parallel gap welds to thin films can be reliably performed.

At the time of this soldering, discrete components such as transformers
and capacitors are also attached using solder. The result is an assembly
which is electrically testable as a power supply or an amplifier at this

point.

6.5 Assembly

Electrically tested power supplies are attached~to headers. Figure 18 is
a photograph bf a typical power supply ip this §tagé of assembly. The
unconnected wire in one corner of the substrate is intended to be con-
nected to a discrete capacitor in later assembly. .Figure 19 is a drawing
of the complete power supply assembly. The power supply capacitors and
two amplifier capacitors, C6 and C8, are attached to the risers at this
point for assembly convenience. Figure 20 is‘a.photograph of a typical

unit in this stage of completion.

Following another electrical and thermal test, a completed amplifier is

~mounted above the power supply assembly. Figures 21 and 22 show a drawing

and photograph of a typical unit in this stage.
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6.6 Sealing
Following another electrical and thermal test, the unit is ‘sealed
using a special process developed at Motorola and refined for this pro-
ject, Flux is painted on and solder is applied'by meéns of a'prefdrm.
Figure 23 shows a completed unit. A small hole in one corner of the
cover permits the sealing to be completed in room atmospheres. Following

that, the unit can be evacuated and back-filled with dry nitrogen, and

the vent hole then sealed off in a nitrogen atmosphere.
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SECTION 7

7. QUALITY ASSURANCE

7.1 Photographs

Contractual requirements call for. serialized photographs,at various
points in assembly: (a) Each substrate with chips attached, but prior
to ruggedizing; (b) After ruggedizing of”éach.substrate, and {c) Total
assembly.before potting. The inteﬁt of these photographs was to furnish
a measure of quality assurance inspection of die bonds, wire bonds,
soldering, étc., to the user, After completion of tbe design, it
appeared that both (a) and (b) couid be accomplished by a single photo
due to the extremely localized nature of the ruggedizing used. Photo

(c) could not be provided due to depth of field limitations of the camera
equipment. As a result, serlalized photos were taken once for each com-
plete substrate, and a print of each provided to NASA with each unit - .
as it was shipped. The negatives are numbered and keyed to system serial
numbers, And are retained on file so that copies can be obtained at any

time., Sample pictures are shown in Figures 24, and 25,

The amount of detail presented by the pictures was slightly disappointing,
however, insofar as the wire bonds are concerned. These wires are .001
inch in diameter. To diScern characteristics of the wire bonds adequately
would require about ten diameters within that space, or about .0001 inch
resolution. A magnification of about four times on thé negative reduces
the resolution required to .0004 inch. The film has a resolution of about
50 lines per millimeter or about ,0008 inch, which is not adequate, Dis-
regarding resolution of the print paper, a film ?ésoiutiﬁn qf five dia~-
meters is provided with this film. A new film and paper with higher

possible resolution are currently under investigation in the Motorola

Photo Laboratory. These films require processes vastly different from



Power Supply In-Process Photo

Figure 24.
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Figure 25. Amplifier In-Process Photo
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those which are standard now, and will probably make the film impractical

unless a very large degree of improvement can be obtained.

\

Quality Assurance Plan

QA planning for this contract was simplified.by use of a flow chart

shown in Figure 26. By each block of the chart is one or more drawing

‘numbers (where applicable) which delineate how the tasks of that block

are to be performed. Some drawings are standards used by all projects,
and some contain proprietary information. Those which do not fall in
either of those classifications have been provided to NASA in reprodu-

clble form in compliance with terms of the contract.
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SEGTION 8

TECHNICAL PROBLEMS

A number of technical problems were encountered in the development and pilot
production of these systems. Some have been discussed in the preceding parts
of this report, and most of them have been discussed at length in the progress

report for the month of June, 1966. A few of those not already discussed will

be covered here.

8.1 Temperature Compensated Diodes

«

A temperature compensated diode, type 1NL776A, was selected for use in
‘the power supply, énd attempts to obtain the devicevin chip form produced
| oﬁly one vendor who would attempt to supply iﬁ. That vendor has wide
hi-rel experience in compeﬂsated zeners; however, Significant difficulties
arose in chip procurémenﬁ. These difficultieg included contamination due
to packaging for shipment as well as due to handling and improper assembly
~ techniques, These problems were solved by a serles of conferences and
visits from which agreements were reaéhed rcgarding packéging and new
assembly techniques. The drawing was.changed and expanded to include

these provisions. Devices received since that time have been 100% satis-

factory.

8.2 Chrome Gold

Perhaps the greatést and most persistenﬁ of the problems encountered was
that of chrome gold film failures, which occurred principally by means

of the gold film alloying with solder materials. To correct the situa-
tion, a thicker film was adopted. Teéts indicate thst the alléwable num-
ber of reworks is greater for this thicker film. In #ddition, tighter
control of the die bonding process was instituted to control the temper-

atures more closely, and a similar control of the wire soldering process.
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Tests have indicated that at least tan‘repairs could be made on a
particular thin film pad; however, this has not as yet been verified
by actual experience, While the probleﬁihas been véétly alleviated by

the above mentioned steps, it is not as yet solved. Motorola is continu-
ing to study this problem.

Final Balancing

The process described eaflier for.resistor trimming was also intended
for vse on the finished, sealed uﬁit to adjgst the bffset voltage to
within + 2 millivolts. Some problems were encountered in matching that
process to completed systems, and é tot§1 éf three systems otherwise
readY’for shipping were destroyed before the problems were all corrected
by modifications to the trimming equipment ahd procedure., Figure 27
shows a portion of Bne oftthese destroyed amplifiers.

Noise

One of thé burposes of the amplifiér shelf was to help shield it from:
power supply noise. A partially failed unit (no regulator) Qa; used to
analyze the success of this in the following'manner. In the first test,
the power supply was not operated, and the amplifier‘was connected to a
gL volt laboratory type power sppply. Figure 28 is an oscillogram of the
output noise reference level. Next, the power supply in the system was
turned on, The portion which produces radiation was operative, and the
effects are seen in the oscillogram of‘Figure 29. Next, the amblifier
was connected to a breadboara of the power supply and the oscillograms

of Fipure 30 were taken, showing the effect on-the amplifier‘output‘bf
power supply ripple. The converter within the. test system remained oper-
ative; thus Figure 30 represents both radiated and conducted (common mode)

noise. Performance in this respect exceeds that of the amplifier made

{from discrete components,
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Figure 27. Amplifier Substrate Destroyed During Balaneing
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Figure 28, Output Noise Reference Level
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Figure 29, Crosscoupled Converter Noise
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SECTION 9

FINAL UNIT SPECIFICATIONS

The specifications of the final unit must be compared . with‘the original
design goals to evaluate the measure of success achleved. This has been
done in Table VI. Unless otherwise noted, all amplifier measurements shown

refer to %he connection of Figure 31.

500 K , -
NN _ o

\soxv‘ \ e .
“o— AN | - 2 5x
/

50 K b |

AN ' —o
500 K

Figure 31, AMPLIFIER TEST CIRCUIT

The table shows that all design goals have beeﬁ met with the exception of
drift. For future uwnits, it is intended to raise the minimum hy, and add a
burn-in specification to the input stage devices. This should hélp consider-
aﬁly in improving that specification. The 2 mv shown is not a statistical
derivation, it should be noted. A worst case computer zanalysis'8 of the
amplifier circuit indicates that the limit could go as high as L.1 mv. That
analysis did, however, assume & higher hgp, in the first stepe. The great
majority of drift measurements to dste fall within 2 mv, as Seen.by the distri-
bution of 57 units (not 2ll of which were shipped) shown in Figure 32. Effects

of the scaling resistors were eliminated by connecting them outside the temper-

ature chamber.
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TABLE VI, SPECIFICATION COMPARISON

Specification. Gpal Achieved
Power Consumption--28 v input, 5K @ load .
: no signal watt .g .5
max, signal watt 1. 1.2
Power Supply Regulation == 22-32 v input, | :
full temperature range VDe 59 +1.5v] sh+2
Power Supply Efficiency -- no load : % - 30
max. load % - 55
Output Balance, inputs shorted,
referred to the input MVDC .2 *.2
Amplifier Drift--'=55 to +125°C, referred .
to the input. Max, " MVDC 1.0 2.0
Gain ~- open loop DB 120 123
Max. Output Swing V PK-PK 90 90.0
Output Impedanqe, e 100 70, typ
Input Impedaﬁce,»nominal KQ - 100
Frequency Range -- input signal, ’
no output distortion cps - 100
Common Mode Rejection (typical) 2 DB Ll 73
Volume, Max, cu, in, 32 31
Weight, typical - 12,2 gr.
Seal - helium leak rate cc/sec, 10'7 10-%t0 10-7
Vibration: 200 - 2000 cps each plane G 50 80
Shock: trapezoidal, each plane G 100 1000
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The .31 cubic inches compares quite favorably with the 11.5 cubic inches
required to build the same circuit using discrete componenta. Volume reduc-
tion thus represents 1 1/2 orders of magnitude improvement. 30 integrated

assemblieé would occupy no more space than one discrete assembly.

Computer - generatéd' deta shown in Figs. 33, 3L, and 35 characterizes the

gain, input impedance, and phase angle of the amplifier operating open loop. '
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SECTION 10

CONCLUSIONS & RECOMMENDATIONS

Mechanically, the units built under this contract offer a significant reduc-
tion in size and wéight over the similar unit built with discrete components.

The assembly is rugged and capable of withstanding severe mechanical stresses.

Electrically, the unit operates well, with perforhance surpassing the discrete
unit in some respects. Temperature drift does not quite meet the design goal,
but some methods ﬁo improve this are known. Sustained operation at 125°C is

the most severe environment encountered by the system, and if good results are

" to be achieved on future units, semiconductors with'silver meta1lizing must

not be used.

To improve reliability on future units, additional screening of components

should be specified, particularly mstched semiconductors, headers and trans-

formers,

Soldering to the riser wires should be replaced in favor of welding.

Improved test fixtures are necessary for future units as ﬁell, particularly -

when the copper wires are replaced by less flexible kovsr in order to permit

welding.

The greatest problem remaining is the repair or replacement of die bonds or ‘
soldered wires without using up the available gold. High temperature exposure

seenms to have an effect on this, Further studies on the subject are essential

for future contractis.

Matched pairs of 2N2605's, when available, may be useful in this circuit, par-

iicularly if f2llout devices can be obtained at a low price.

Tolerances should be tiphtened to 3 ppm/°C for R12 and R18, loosened considerably

for most other resistors.
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The use of silk screening to position solder for die bonding should be

investigated, particularly if the volume is large,

Thin Film Cspacitors should be used for C9 and Cl0 to eliminate some of the

crowding of discrete components,

R16 should be modified on the layout to permit closer adjustment of offset

voltage by means of tap selection prior to sealing the can, thus eliminating

some of the electro thermal trimming now required.

Bonding islands should be added as an intermediate point for the connections

from the bases of Qll and Q17 to the emitters of Q13 and Q18 in order to
facilitate troubleshooting.
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