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INTRODUCTION

This is the'fourth quarterly progress report to be submitted on

,’3‘ Contract No. NAS8-30003 for the design, development, and fabrication

of microminiature Digital Data Sampling Modules. The report covers the
period from April 1 through June 30, 1969 and includes work performed
during the last two months of the final design phase (Phase II) and the
first month of the Fabrication Phase (Phase III) of the three phase
program.

A Phase II Final Design Review was held with NASA at the Huntsville
facility on June 5th and 6th and as a result a modification was suggested
in the program to allow additional time to develop the low level amplifier
portion of the system since this was the only portion of the system not
completed and ready for final design review. -As a resu’. of the amplifier
problem, General Instrument was asked to present a plan which would allow
for the additional time for amplifier development while remaining within
the presently allotted program funding. The following was proposed by
General Instrument:

General Instrument will fabricate test and deliver fifty (50) high
level modules rather than the 128 modules originally contracted. The
funds which will be saved from this reduction will be used to facilitate
the design and fabrication on two types of low level modules (two different
amplifier types) and deliver the follgwing types and quantities of low
level modules by March 30, 1970.

Five (5) CIAM (uA 735 or equivalent) 30 mv full scale

Five (5) CIAM (uA 735 or oguivnlcnt) 50 mv full scale Y,




Five (5) CMIA (RA-909 amplifier) 30 mv full scale

Five (5) CMIA (RA-909 amplifier) 50 mv full scale

In addition, General Instrument proposed to deliver one system
controller, one set of cables, and one PDP-8 computer within the presently
available program funds.

To date there has been no information received from NASA as to the
acceptance or rejection of the above proposal and, therefore, General
Instrument is proceeding under the assumption that the program will proceed
as proposed. A schedule for the revised program as outlined above is shown
in Figure 1.

A request for permission to purchase and deliver a PDP-8 computer
as part of the program was submitted immediately following design review.
No word on this request has been received to date. Since a purchase order
cannot be pléced until approval is received a;d since the delivery of

a computer after placement of the purchase order is three to four months,

*, it is imperative that permission be received very soon if the computer

is to be of value during the testing phase of the program. During the
past quarter, the final design of all other portions of the system has
been completed and each of the various subsystems h‘n been fabricated in
integrated circuit form.

The subcontracts for the development of both a hybrid and integrated
circuit voltage comparator has been cumpleted and the subcontract for a
hybrid voltage reference supply was completed. '

A complete high level data module has been fabricated on two printed
circuit boards as shown in Figures 2 and 3 and is operating with good

results.
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The mechanical design of the high level data module has been completed
including the layout and photography of the individual ceramic substrates

and printed circuit boards.

Meetings were held with three hybrid circuit manufacturers to discuss
the manufacture of the low level amplifiers. A bid package for the fabri-
cation and testing of the amplifier was completed by Analog Integrated
Microsystem, (The amplifier design subcontractor) and has been mailed
to the hybrid manufacturers for bid. The availability of a new amplifier
developed by Raytheon has_been invesﬁigated for use in the CIAM approach.
Information received to &h}é indicates that it should be available during
the month of July. |

A brief summary of the work completed during the past month is giveq
below. This is followed by a detailed discussion of some of the various
subsystems. d '

1. Completed final design review.

2. Completed development of the timing register.

3. Completed redesign of complementary circuits.

4. Completed redesign of multiplexer for differential operatiom.

5. Completcd detailed tape-ups and photography on ceramics and

printed circuit boards.

6. Completed fabrication of high level module on PC boards.

7. Continued testing and evaluation of subsystems and module.

8. Placed purchase orders for parts for prototype assembly.




INPUT CIRCUIT (COMPLEMENTARY)

The first complementary input circuit chip which was designed had
a substrate back-bias problem and a power latch-up problem. It was found
that these problems could be taken care of by the addition of two external
resistors. This particular circuit with the two resistors is currently
being used in the module with very good results; however, a redesign was
initiated to overcome the requirement of both of these problems and eliminate
the external resistors. The first wafers from this redesign have just
been completed and one currently being tested. Initial test results
indicate problem has been solved, however, until the circuit has been
packaged and fully tested this cannot be positively known. It is felt
at present that this problem will be solved prior to the requirement
for chips foé the prototype and as a backup, the first design is satis-
factory with the addition of the external resistors. Complete information

on the new design will be available by the end of the first week of July.

TIMING REGISTER

Fabrication and testing of the timing register subsystem was completed
during the past month with satisfactory results. This circuit performs
all functions as designed except that a single power supply provides more ;}’
reliable operation than when using ground as one of the supplies. This
has the effect of increasing the power dissipation of the timing register
by approximately 10 mw but provid;o operation over a large variation in

¢
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either clock amplitude or supply voltage. Rather than redesign the
tegister to provide the operation at the slight power reduction it

* appears desirable to use the circuit as is. The timing register operates

) very well in this mode and functions well in the module to frequencies .

of about 700 KHz. This chip now replaces the four 9 bit shift register

chips which were originally used for the timing register.

OVERVOLTAGE PROTECTION CIRCUIT

The masks have been completed and the first wafers fabricated for
this circuit. A separate chip is now used for the resistors and the zener
diodes. The first wafers for the resistor chip resulted in lower than
desired breaﬁﬁown voltage (40-50 rather than 80-70), therefore, a slight
modification in the diffusion process is now being implemented. The
wafers for the zener diodes are now in process and will be evaluated
during the following month. It is anticipated that all problems con-
cerning this circuit will be solved and the chips ready for prototype

fabrication during August.

OUTPUT DRIVER (COMPLEMENTARY)

The output driver circuit initial design had the same latch up problem

as the input chip but again will operate satisfactorily with the addition

of two external resistors and is presently operating in this manner ig :

X4
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the data module tests. A redesign to eliminate these external resistors
was also completed and mask photography is currently underway. As with

the input chip, this modification is expected to solve the latch-up

problem and the chip is expected to be available in final form for proto-
type fabrication in August. The initial design with the external resistors

is a back-up for the new design approach. Operation of the chip with

' the two external resistors is entirely satisfactory in the module operation.

MULTIPLEXER

The multiplexer chip for the high level module is completed and
operating satisfactorily. The requirement for a low level differential
multiplexer for the CMIA low level module resﬁlted in a redesign of the
metal mask of the high level multiplexer, however, in order to provide
the differential switch capability. This redesign has been completed
and the mask cutting and photography is currently underway. The new
mask set for the low level mux will be identical to the high level mux
except the change 1n'the metal mask and tﬁe increased cnip size required
to provide the additional pads for the differential switches.

As a preliminary to the low level mux design, the "on" resistance
of the two switch pairs on the present high level mux was measured. The
switch "on" resistance of the two differential switches match to within
approximately 30 ohms over the expected input range.

The calibration multiplexer for the CIAM low level -oAulc vas fabricated

and tested during the past month. Although the yield on the circuit for
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the first set of wafers was very poor, good chips were found at the wafer
probe test which verifies the correctness of the circuit design and mask
set. Further testing on this chip wil! be parformed as soon as packages
with sufficient pins are available (46 pins). These have been ordered
from our New York facility. In addition, another lot of wafers are being

fabricated for further testing and yield evaluation. These wafers will

be available in early July.

A/D CONVERTER

The operational performance of the A/D converter breadboard is
compatible with the requirements of the Digital Data Sampling System
over the specified temperature range of -20°C.to +85°C. The conversion
accuracy of the A/D converter will be degraded when utilized in the low
level application, however, due to the error contribution of the signal
conditioning amplifiers.
The present A/D logic chip configuration is acceptable for both
the high level (8-bit) and low level (9-bit) systems. A minor mask modi-
fication has been initiated to increase device yield by more nearly matching
the ladder switch "on" resistance to the compensated ladder elemecnts.
Previous testing of the bipolar comparators has shown this chip to
be acceptable in the packaged (TO-5) condition. Additional comparator
tests are presently being conducted to determine the amount of degradation--
if any--in performance dus to temperature levels required to attach the

b SN

chip to the ceramic .ubotré?b.
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Compensated ladder networks in chip form have been obtained from
Solid State Scientific. A small number of networks are also being pro-
cured from Halex and Hybridyne for further evaluation. At present, the
Solid State Scientific network has been selected for this application,
primarily due to its small size.

Ceramic substrates should be available by mid-July. A prototype
A/D converter will be fabricated at that time to evaluate the assembly

technigque and post-assembly performance of the converter.

LOW LEVEL AMPLIFIER

CIAM Approach

A visit was made to Beckman Instruments - Microcircuit Operations
located in Buena Park, California, Aerojet General Microelectronic Department
located in Azusa, California, and Halex Incorporated, located in Torrence,
California on June 12 and 13. Mr. Marv Rudin was in attendance at Aerojet
and Beckman.

The CIAM Hybrid Ampl%f}gr approach was discussed with each company

and the information contained in the Status Report presented at the NASA

Design Review meeting in June was conveyed to the vendors. Since the
schematic in the status report did not contain provisions for initial
offset adjustment, pin designations for the Raytheon RM 4132 amplifier,
and the ceramic form factor, Mr. M. Rudin was to prepare a bid package
with the updated information. Ceramic dimensions were specified at the

above mentioned nnctinj-. Also, suggested test specifications were to




be included in the bid package along with a suggested resistor adjust-

ament procedure. The appendix contains the information mailed to the

potential vendors on June 26.

However, since General Instrument did not

receive the information until June 30th, comments are not contained in

this report.

In general, each vendor seemed to be aware of the magnitude of the

"7 low level amplifier assembly.

and comments.

Manufacturer Technology
Beckman Thick film

Aerojet General Thin film
Mask-
deposition

Haleg Thin film

Ohms/Square Max.

400 K/Sq.

10K/Sq.

3K/A

Following is a brief table of technology

Remarks
Can adjust with sand
abraison and can meet
specified tolerances.
Can meet specified
resistor range and
tolerance.
Must use thick film
chip resigtors for the
two 50 meg ohm resistors.
All other specifications

can be realized.

Of course, construction of the amplifiers depends on uA735 or RM 4132

availability. Latest dates are uA 735 - August, RM 4132 - by the end of

the first week in July.

An order was placed for RM 4132 samples with Raytheon on the 9th

of June with delivery promised on July lé4th.




CMIA Approach

Five RA909A devices were purchased from Radiation Incorporated and
a breadboard was constructed. Appendix y contains some results of the
measured parameters.

In general, the CMIA configuration will apparently handle the low
level multiplexer switching transients’aa simulated in the test set.
However, no exact settling time was measured. One problem area became
evident immediately - that of a limited output voltage swing within 2
volts of the supply voltages. This in effect limits the allowable common
mode voltages at the input with *7.5 volt supplies to -4.2 and +4.5 volts
in the presence of a 30 millivolt differential input signal. Also, the
measured common mode rejection was quite low, however, this is due in part
to the resistor mismatch and would be improved with the specified resistor

tolerances aé noted in June Design Review Status Report.

REFERENCE SUPPLY

The appendix contains the temperature performance results of the
reference supply prototypes assembled by Hallex. Also, a thin film layout
of the reference supply is presented along with the specification and
temperature data of a breadboard version.

The results indicate that the zener voltage does not remain within
its specified 0.001%/°¢c temperature coefficient particularly for hot
temperatures greater than = +50°C. The results of the breadboard version

indicated that this could happen, however, it was felt that tiia actual
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thin film resistor network in conjunction with the circuit would be
necessary to verify the above conclusion. Since the breadboard measured
zener current remained essentially constant over the temperature range
and that both breadboard version and prototypes exhibit the same results
the zener's temperature coefficient is not sufficient to produce the
desired 0.1 percent reference supply accuracy.

Therefore, on subsequent units the zener's temperature coefficient

will be specified to be 0.0005%/°c.

SYSTEM CONTROLLER

The Command line driver circuitry has been redesigned to gemerate
a faster risé and fall time signal and a larger amplitude signal. The
redesigned circuit drives the line with a much improved signal.

Approximately 80 percent of the logic is checked out. The System

Controller has been in use for checking out Data Modules that final checkout

of the breadboard System Controller has been slowed up. For this reason
a Command line generator is being fabricated to test modules.
The logic design of the PDP-8 interface has not been started since

we have not received final approval to purcnase the PDP-8L.
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Design Review
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June | July

Aug.

Sept. Oct.

Nov.

Dec.

Jan.

Feb.

Design Approval

Complete High Level Module Design

- . .

Purchase PDP-8

FABRICATE, TEST_AND DELIVER 200 DIGITAL DATA SAMPLING MODULES (PHASE III)

Mar.

Complete Breadboard Evaluation

B!

Complete Layouts

Procure Material

Fabricate Ceramics

Fabricate Beam Lead Wafers

Fabricate Ceramics (Prototype)

Fab. Prototype Module (High Level)

Test Prototypes -

Fabricate Ceramics (High Level)

Fabricate Modules (High Level) (50)

Test Modules

Fab. & Test System Control #1

Fab. & Test System Control #2

Test System (High Level)

Deliver H.L. Modules

Evaluate L.L. Amp. Bids

Select Design Approach

B .

Complete L.L. Module Design

Procure Amps.

Fab. Prototypes (6) (3 each tyﬁe)

Test Prototypes

Fabricate Modules (20 modules)

Figure 1.
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FABRICATE, TEST AND DELIVER 200 DIGIFAL DATA SAMPLING MODULES (PHASE I1I)

L ) DATE L __m_____ggne _g_g}y_ ,693_:__ _S_ggj:.wggt_- {19}1_.__ Dec. Jan. 'Feb. Mar-
Test Mgﬂples B ) » b ' ) A
Training Pr_qgram B _ 1 B A
Fipal R_eport /
Deliver Remail_ning Portion of System . S
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_ o o4 —

Figure 1 (Continued)
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CIAM AMPLITIER BID DPACKAGE

i

w0
l ’
(§]
(o)

set oI specifications delineating the essential

nts for a hybrid micropower cdata amplifier required by
Soneral Instrunents under a NASA R and D contract.

tacause this 1s a general state-of-the-art development progran,

ndeé £ a specific £1i , reliability tests e
cr o fic £light program, reliability tests ar

7wo alternate circuits I and II are given. I is for the
use of -the Fairchild AA735 micropower op amp, and II for th

wrefcrred op amp,the RM 4132. They are both given because neither

: is vaet available. The RM 4132 is expected to be ready in small

i cuantities the first week in July and the/UA735 will be ready in

E Comnonent Values Tl
P
.’;1}:‘;'-‘-:;

R A

Values and tolerances for the component parts of the CIAM are
given in Attachments I and II, for each schematic. Specifications
Zor thc op amps are attached on separate sheets labeled RM 4132-

ASL =ma 282, and/aA735-ASl and AS2.

L JarsSoeaince Specif-cations

X

k sttachment III gives the pcrformance specification for the

F 2InM amplifier, independent of which micropower op amp is employed.

Sl e




R DN s B R e
E8c SLoCiildaclions

Attachment IV gives test specizications for the overall
CIAM caplificer, and some suggested tests for use on the DA and OA

. subcircuits comprising the CIAM amplifier.

Resistor Adjustment Procedures

Attachnent V gives suggested resistor adjustment procedures

in building the CIAM amplifier.

The substrate and terminal numbers to be used will be
supplied by R. Nelson of General Instruments, Advanced Microelectronic
Center, Salt Lake Cityuiggah. It is preferred that the eb emp
chips experience no ﬂofe&than 300°C temperaeure during hybrid

assenmbly and package sealing, and if the temperature reaches
: c ‘ .

400°C, that it do so for less than 5 minutes. h A ,
Bid Cornditions R

Business aspects of this bid, such as time to bid, time to
Geliver, guantities reguired, etc. will be governea by Mr. R. Nelson“”
or ¥r. J. Mathis of General Instrument. It is presently our under-
standing that bids should be based on gquantities of 10 and 500

CIAM amplifiers. '
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Attachment 1

Parts List= cingle Amplifier, CIAM System

ure ragne: =20° to +85°C

(@]
'O
o
3
§
f
:
()
w
]
v
0]
H
o
O
f

735 selected per spec 735-ASl
a

o]

er spec 735-AS2

A4F + 20%  25WVDC

SNG4, C7 0.0224F + 5
E2ic5, C8 0.00224F ~+ 20% 25Wv3C .
gfies, ¢ 180pF + 20% 25WVDC ;

Rl 2R+ 20%
R2, R3 15:7Xa+ 20%, matched to 5%
(R2 + R3)/R1 . 15.87 # 1%

5, RS ¢ 22KN+ 10% R,'=R,"=R_'=R_"= 4 M+ 20%

4 4 75 5

(adjust 24' and RS' for zero

- offset of Al and A2 respectively)

R&,.'R7 50M0 + 20%, matched to 6%

R9, R1O not used
REIE: R1l2 SOKJLi 20%

R13, 314 250K+ 20%

R14/R12,R13/R11l 5.00 + 1%, matched to 0.1%

. resistanceylooML
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Attacament Ik

l R2, R3 15.7K ~, 4/

Darts List-Single Amplifier, CIAM System

rating temperature rangae: =20° to +85°C

(
2 8 cted per spec RM 4132-2AS1
2 selected per spec RM 4132-AS2

PR o i e o e
Eavaclitors®

E R@SisSTors . P
] R1 2K + 20%

; + 20%, matched to 5%

; (R2 + R3)/R1 15.67 + 1%

; i = R '=R_=R.'= KN (adjust R, and R. for zero offset of Al

pd 4 § B3 4 - s

o
;‘\:
: ]
to
H
o
(&)
J
O
0
ol
'l
<-
[ (1]
'_.l
<

R6, R7 50MA + 20%, matched to 6%

R9, R1O not used
i o = i . ' 9
Ril, R.2 DOKﬁ-i' 20% -

R13, R4 250K+ 20% :
R14/31z, R13/R11 5.00 + 1%, matched to 0.1%

y

e R R SRR M A R PRV R R R AT

* Insu_ation resistance >100MN

AN N e s e T
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LA AMPLIFTER SPLECIFICATION
Absolute Mudimm Ratings //Z?//U/.-/wn valve s)
N-Sf?_\—l;. Vels: 0 [ Wt
Input Voltage Either Input Yel/= . v
'; : Between Inputs . i
o Internal Power Dissipation : : , 200 il
| Storage Temperature .i:.:‘.'_,o o ' % 55 S #1570 oz
| Operating Temperature Range ‘ -20 4 +tF5 5
flectrical CZ..::‘:'.:*C*:: stics . '
| Tn 20 #0g Vs 2287, Vo “A5V ,. 8
| Ry= _‘_____’_______7_,'"-;\5 othorwisc spocified.) '
‘ T reTveavd fos .7/ )n?"frowrc/ Min Ty 1 vax Units
{ Opcn-Loop Response - oy :
,i Small Signal DC Gain 8K — — -
E : * Unity-Gain Bandwidth Mz
J *  Gain at Mz --
| Large Signal Full-output dc gain oL — e ‘.-
' (Full output Max.Freg.for full output Miz
! = £E53V >V ) ,)-:.n. Slewing Rate V/us
Undesired Signal Rejection (r.t.i.).. b .
‘, CMRR (CM Input Range= TS, W) — — V2 LV/v
o . Power Supply-Rejection(pSy) _— — 25 1wV
JOf Input Impedance : Piih oo 2 -
| 'Bétween Inputs R : ' M2
. Parallel C : S pF
. Commen Mode R : : : M2
5 ; Parallel C ; e _— . - o 5
f Iy put Offset \”Olt&"‘e s TRz - e o ®
.'.'.;T..L. ut external trixn . . e /. my -
| Temnerature coefr’,icicnt, average uv/°C
Drifc (per g ' ; uV
} - Inout Cursent ‘ R :
| Zishos—Zasut Avewse, both m@uTs — —. | 2o ‘| n&
| 0ffset ! 8 o 70 nA
| Temperature coefficient, ave. Either Input nA/°C
. Oifset : ‘| nA/°Ce
: Drift Toer ) ' Either Input nA
o) i . Offset Cieh nA
t . Input Neise. g ¢ i e S i
B £.= Hz; Af= Hz. Voltage, ms o
| ; = Current, rms T PA ..
i, Ig= Hz; Lfs Hz. Voltage, rms . oy wi nVvi.
- . Current, rms ; PA 7
= He; Afs= Hz. . Voltage, rms s aVv
| Current, rms p | pA
Outpiit R . |-
§ Voitage, p:akz [./0”’4”'9 259“'4) +5.3 s
‘ Current, pcakj (S-M/un 47, /) ' __._?,3 Ao mA
i Inpedance, 1.f. i 7 AR 2
i Zowir Reguircments (At .xated supply voltage = 7.5 2] :
Power Dissipation, Quiescent / o
' Curzent from positive supply Quiescent, 2. 7. | m
Full Load 3 mA
; Current from negative supply Quiescent 2.7 mA
i | | Full Load ] mA
Note: Tws ASls dre Pezwrea? for cf.c—fc AS2 . 3

. ‘ 7 v M
X g
..‘ y ' ¥ , : ‘ 2 o 3




Fror Bl e iy
NS AL S ) e /-‘.:',' 2 ' " ' skt It &8 .y
B S £ 4 AMPL I EER SPECTFLCNTION
TR T | - K. / o &
VaGLHLS I N2 Ol hatill - A.l,////lllt/l.'l V‘.’ "()J/ e
e A 2 o s 20, |
Supply Voltage {_f, LoV
Input Voltage Either Input Z%yﬁ?L 'y

b

Between Inputs

.
P 54 T 1) we e NN 3 3 eyere d G
Internal Power Dissipuation ¢
. \

wesy Oy 'y . o N
o -\ Luwb - .\ LI L A YN , - 2

“t ao
UnSYatli o - L LS SRR A u\uuub M

“qymrey ey an

-v.;T'.\:::l \ -\..Q.-..::\.l\-b $ '.
e p e S T § A =2
(AL T et 95%, Vs , V.= 25
Re= 7 o, unloss othorwise bpehlflbd )
- e T Y4 -~ =
"' P I Wl TVUON T 'o‘.'o- ? LU. ‘J\ 0”&‘2

O oaesponse

Stall, Signal DC Lain

t - ... Unity-Cain Bandwidth"

A - Gainat Mz
Full-outji.. —dc galn 2

‘o
-
)
=

15k

Large Signal — —
;?:-- cuiput o ‘Jx.Fruq.‘or full output
= ) T Max. SIGWlﬁg Rate
Undesized Signal Rejection (r.t.%.) 44V , ’
CMRR (CM Input Range= —‘NV) — — f00 .
Power Supply Rejection \_o,g — — 200 _°

Input Impedance . 5

Betwoon Inputs - R : ;
Parallel C e

Couzmacn Mode ' R A s
Parallel C

Input Oifsct Voltage
‘..'-u out external trim . g o= e lo
lempoerature coe ffic;ent average :
brift (ver )

Input Current " ~
':'.;'..-.t.‘. —IHpus Flvev ﬂ- é’)‘d /“f"/s o g ! Joe2
Ofiset ﬁyag i B - i So
Termerature coefficient, aves Frther Imput il

ffset ~ | X
Drizt (per ) Either Input .
: Offset

Input Noisc :

= Hz; Af= Hz. Voltage, mms '
Current, rms - .

o7 Hz; Af= Hz, Voltage, rms y
Current, rms

Io® Hz; Af= Hz. Voltage, rms

o : Currcnt, rms

Uu...'\.l..

5bmc:nyéé§ﬂ4)

\ol;:gc,‘pcak oL F g T

Curreat, peax - /5//'(/;-7 225 A)
X u\p,,.(--u-.c v G~ .

Lt LT - dow

s .
- ais

nts (At rated supply voltage = )
issipation, \Ul»bccn.. g
from positive supply Quiescent
full Load
urrent Irom megutive supply Quiescent
g 3 Epi , Full Load.

¢S5y

(%

MR

NQ

nlv

.m\
w\ -
n\

I Y ]
. ,..;"M. : i
e - :
: ¥ QR R : :
‘
:
P “, i




CIAM PULURFORMANCE SPECIFICAT

Attachment III

IONS

INTENDED OPLRATING CONDITIONS

Power Dissipation
Rifforential Souree Qe;mstgrbe
R
I b = .
Differential Socurce Resistance
Unbz lance
ine. '?, -
-'s... 4\'—5.\.5‘-\. iung\,
Cutput Loading

Y BN THOAAT
B O O e o

config. A

C 4 7.8V
13 nW
Sk

+ 1k

=20°C<T<+85°C

10-200 pf
Rdcsom

PERFORMANCE CHARACTERISTICS

Parameter
Diffcrential Input Resistance
Common=-Mode Input Resistance
Cutput Resistance

s

Power Dissipation
Gain
Swmall Signal Bandwidth
Slew Rate

@ction Ratio
Prec amp

CM-1 1004v/5v
CM-lal25«v

3 CM=-2 1204V

Post amp

ction Ratio

CM-3 367V
CM=-1 30Quv
CM-2 504v

Powver >lv Rede

Inbut CiXse . Voitage (including
TCVes) >

TC Input Voltage

Innit Bics Current (common mode) ;

Lanut Cifset Voltage Due to
Lnous Oiiszet Current

P e { L34S Yo = s . 1
NOls¢g \oanz Oail .«.l-.uth)
Mk = -

«Ocads LILXOX

Config. B
+ 7.5V
4 mW

S5kSL

+ lk /i

10-200 pf
R
dec = w

Typical
100 M1
25 ML
+2JL
4mwW
166.6+ 1%
6kH:
2Q0V/msec
46%ﬂV75V

32uV/5v
2.4mV
6.7/ °C

0 nA
1’9«?

44V rms

'24/{VP-.9 4

Ll 4

137

>

=20°C<Ts+85°C

10nA to (0V Common mcde)
.0 (+ 5V Common mode)
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Attachment IV

ros = CIAM Amplifier (Using #A735 or RM 4132)

Mancdatory Tes

\.S)

”m.rwn.se snec*zied, V¢ =+4+7.5V, V== -7,5v, T=25°C

ne CI:

to ground.
1‘ d.m’)ers .

output is assumed unloaded and referenced
Refer to Fig.: 1 for terminal identification

2l Input Resistance (Refer to Flg. 2)

IR g A
With full scale input

vary
ripuc

Tam =

e
siScre h

and 2. XMeasure at 1 and 2 with HiZ AC VT VM,

il =

voltage variation.

It must be

of 120 ¥ p-p at a frequency <60 Hz applied,

tihe balanced source resistance between 0 and 1MJland observe

1% of full scale i.e.| +50 mV|.

ccrmon mode voltage is less than 0.5V at terminals 1

with input signal

generator set to OV out, and .5MIl resistors shorted.

chserve the voltage across the 1M\ resistor.

Input Resistance .(Refer.to Fig. 3)

venient low freguency AC signal, say 10V p-p & 60

. i o4
load Lyom R, =

L
constant. Observe ch

Resistance (Refer to Fig. 4)

Hz in series with a large capac1tor, say 0. %/F, and a lMJl

to0 the shorted-across znputs of the CIAM amplifier and

It must be 400 nV,

Y,

at an amplitude sufficient to drive output to 0.2 mV

0.2{to R
L

=d.",

ange in output voltage.

|

— e

2 with the cutput reference tied to ground, vary output

(oy opening it) keeping input

It must be <0.l1lmV.



Powor Dissivation (Refer to Fig. 5)

ure the currents flowing Bétween the amplifier and the
V+ and V- suppliiles at + 7.5V, with the inputs shorted together
and floating and the output floating. They will be equal and rmust
e less than 135 4A.
2. 2Apply a cGifferential dnput voltage of + 30 mV, with the amplifier
: N
unlcaded. The sum of tﬁgﬁgurrents~from the V+ and V- supplies must
|

not excead ZOO,ﬂA

5. Cain and Gain Linearity (Refer to Fig. 6)

Apply differential input voltages of +30 mV + 60 mV and observe

Ze output.s It must be within 1% of + 2.5V and + 5V (respectively).

11 Sicnal Bandwidth (Refer to Fig.’7)

iZferential input voltage of :'1.0 mV p-p, first at
80 ZZ and thence at 6KHZ, while measuring the output voltage

egrcnced from ground. The output ampalitude must not vary more

7. ESlew Rate !Refer to Fig. 8)

With an input ciZferential signal applied producing + 5V peak

-~

stput irto & .50 X!l load at & low frequency, say 60 Hz, advances

O

the freguency until the amplitude drops- to + 4V... This frequency

ater than 700 HZ. Alcternately, a square wave input

*4
(?4

A N P ~ -~
usc o8 ¢

sl ez .
. o~ Ll

riving the output to + 5V, and the rise rate

O
'J
%

'. .~

t
~

)
t
L

-
o
O

Ling mezsured on an oscilloscope. It must be 20V/m Sec.



8. Linear output Voltago..Swing (Refer to Fig. 9)

» W\. 3

: ‘ﬁ,t,l'

th o 100 ka4l lend resistor, apply i 66 mV (either p=-p AC or DC

veltage) and observe output voltage of the amplifier., It must be

»L 000 [gain (measured with 5V out in test 5) x + 66 mv]].

9. Comme:x Mode Rejection Ratio (kefer to Fig. 10)

A a source imbalance of lK[l, apply a convenient low frequency,
say &0 Hz, signal of 5V p-p referenced to ground to the amplifier
inputs. Measure the output amplitude. The output amplitude must

be € 38.5aV.

10. DPower Supply Rejection Ratio (Refer to Fig. 11)

Increase |V+ by 0.5V and decrease !V-| by 0.5V, with input shorted.
Obsérve change in output voltage. It muét:not exceed 2.1 mv.

Repeat, varyviay V+ and V- in opposiite .direction.

11. ‘Inout Cffset Voltage, Including TC VOS (Refer to Fig. 12)

Yeasure output voltage with input shorted at -20°C, + 25°C and

+35°C. The output voltage must not exceed + 192 mV, referenced to

urrent (Refer to Fig. 13)

td
L
(e}
(O]
@)

7ith one input grounded through a 100kl resistor and the other
shorted to the ground, measure the output voltage with the two inputs
differenticl input shorted and unshorted. The variation in output

voltace must be + 166 mV. Repeat, reversing the inputs.

-
-



e Invus Offsct Current (Refer to Fig. 14)

With 100X cround from each input, first short and then unsnorfb’

- L-‘:- & GG
£ terminals, observing the output voltage variation.

2 P R
CSs T.LoC Lllsuc

It wust be ¢83 nmV,
. no0is2 (Refer to Fig. 15)

Lth an X8 Zilter on the output as shown, observe the p-p noise on

an cscilloscope. It must be ¢ 300 av p-p.

15, Cutout Offset by +2.75V ‘
Wil the output reference terminal connected to + 2.75V vary the

nal input from + 30 mV to =30 mV and read output

voltace rceferenced to ground. It must be + 5.0V and 0V respectively

13



CIAM Subcircuits (Optional Tests)

S 4

DA (FPor cdafinition of DA see CIAM Schematics I and II)

s-1 and A=-2 Offsets Short terminals 2-3 on each ¢p amp and

',.l

measure their output voltages at nodes B and C. They mgétli?
each be 0 + 1V.

ith + 30 iV differentially applied to DA inputs,

I8}
O
b=
(D]
6]
- |
=

observe differential voltage between nodes B and C. Voo

hould ba within 1% of 590 nmV,

v

1. Commen mode Rejection Ratio ' Apply + 5V to nodes B and

C (02 iaput) with nodes B3 and C shorted together. Observe

i de
e cuc

: At s : A
Put veltage with the reference terminal grounded.

-
o

It nust beg 5 nv.,

2. Gain Apply # 500 mV to the input of the OA (to terminals -

2 and C) and observe the output with reference terminal

rounded. It must be + 2.5V within 18.
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sshitachment V
O

Sucacsted Procedures for Resistor Adjustment

In implemencing the resistors in the CIAM amplifier there is a
choice between passive and active adjustment. The resistors

can be adjusted for the required nominal values and ratioc match
pelore the op amp chips are bonded in--i.e. "passive"adjustment
-=or they can ke ad. 'sted with the op amps active, to force such
rometers as offset voltage, offset current and common mode ratio
very close to tihelr ideal value=--zero. When the 1at£er is done,
periormance may drift faster as the temperature moves away frbm
the temperaturae existing'during adjustment, but still the per-
Zformance is closer to ideal at most temperatures. Therefore,
Justimept is recommended for most of the ratios, while
zssive adjustment is usually restricted to those cases where

it i1s necessary to achieve the nominal values specified--generally'

Tour resistor ratios will probably require adjustment:
(1) The input bias resistors

(2) ©The vcltage offset balancing resistors

(L]

) The DA gain determining resistors

(i} The OA gain determining resistors.
It iz recormmended that the voltace offset balancing resistors
uzted Zirst Ly shorting across the input to each op amp
anc adjusting for a minimum voltage out using the test set up in

hment IV. Then the input bias resistors'can be adjusted



.

-

¥

L T

oo B o

either for mininum offset current or minimum common mode rejection

yatio (in av/v rel).

2pproach is to adjust the bias resistors for mininmun

'
(

U
W
L9
(
1 O]

error with & maximum common mode voltage (x 5V), and the maximum

source resistance (5XA), and also if possible to adjust the

n minal volues o the two resistors, for OV at the input at
roo:m temperature. But if the latter precedure is too éomplex,
then Lt is recommended that CMRR be minimized, by aajusting the
oias resistors for minimum AC out of the CIAM amplifier while

applving a 5V AC common mode signal.

The third adjustment should then be to set the DA gain determ;nzng

resistors for ghe tarcet differential gain--16 2/3. This is best

dor.c by adjusting the center resistor, Ry while applying an AC

input and observing the DA output at BC.

¢

I
th
H,
(o)
H
@)
o3
!
'l
r
§
(=

Pinally, it is necessary to adjust OA gain to 1% and CMRR to

0.1% with Ryq through R It is recommended that R__and R
“ 14° 13 14

be adjusted pas s-ve;y(before the op amp is bonded) for the

-

cuired L% ratios. Uhen one of the set of four resistors, Rll

through 14 should be actively adjusted to minimize the CMRR.

- .
L
£
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