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1.0 \ ~~~~~
The objective of this Research and Development program was

to develop Direct Coupled Microwave Detector Logarithmic Amplifiers

packaged in one housing with:

1) Detector circuitry fabricated on a substrate
using Thin Film Techniques . 

-

,.— 
~.- 

-

2) Amplifier circuitry fabricated on a l”x 1M

substrate using Thick Film Techniques.

Two frequency bands of interest were:

~ Band I — 2.6 GHZ tO 8.0 GH Z~~d’v~
Band IT — 6.9 GHz to l8.O GHz ,

Deliverable hardware consisted of one 
- 
ir of matched de-

tector log amplifiers for each frequency band.

Program was laid out with five major tasks , which are
described below. For details refer to Paragraph 4.0.

Three tasks were simultaneously started.

1) Critical circuit development using discrete
packaged integrated circuits and components.

2) Microwave ~.oupler development.

3) Hybridization of circuits .
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MAJOR TASKS -

NRL DEVELOPMENT PROGRA M - Integra ted Det-Log Amp

TASK 01 LOG AMP DEVELOPMENT

a .~ Design Labor
b. Breadboard Circuit Fabrication
c. Breadboard Testing
d. Substrate Testing

TASK 02 DETECTOR DEVELOPMENT

a. Design Labor
b . Breadboard Testing
c. Substrate Testing

TASK 03 SUBSTRA TE LAYOUT & FABRICATION

a. Substrate Layout
b. Substrate Fabrication
c. Mechanica l Design
d. Fabricate Housing
e. Composite Assembly
i. Process Engineering

TASK 04 INTEGRA TION TASKS

a. Write ATP
b . Write QTP
c. Composite Testing
d. Acceptance & Qual. Testing
e. Environment lab Charges

TASK 05 PROGRA M MANAGEMENT

a. Progra m Planning
b. Quarterly Progress Reports
c. Final Report

-2-
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Critical Circuit Development

One of the most critical circuit sub-block in this program was

a very low DC drift, ultra-stable and wide bandwidth gain block. Three

to four different techniques were tried with very extensive experiinenta-
tion and data tak ing. Finally, a successful gain block was developed which 

-

featured a gain of 35 to 40 dB with bandwidth capability from DC to 50 ~f1z .
DC drift without temperature compensation was 2.0 u v/°C maximum. With
temperature compensation the drift can be reduced to 0.2 u v/°C (refer to

Paragraph 4.0). It should be pointed out that normally there is 50 to
60 dB linear amplification before logarithmic process.

Microwave Coupler Development

The first iteration in coupler development was interdigitated

type fabricated on alumina metalized substrate. Couplers were designed
to cover frequency range from 2.6 to 8.0 GHz and from 6.9 to 18 GHz .
Initially, signicant difficulties were experienced in the actual reali-
zation of couplers on substrates. Performance data (refer to Paragraph

4.0) for S/C band unit exhibited a maximum VSWR of 1.33 to 1.0 and a

minimum isolation of 20.0 dB. The coupling value was approximately 3.3

dB except for the lower end of the band where coupling was much worse than
expected in the order 5.0 dB for the coupled port . Specifications were
planned to be improved by improving line width resolution and. gap width
to achieve tighter coupling.

For the C/Ku band unit, (detailed performance , refer Paragraph
4.0) the worst case VSWR occurred at 14 GHz and was 2.6:1. This was
directly attributed to poor stitching. In this case also, it was expected
that circuit performance would improve by adjusting the line and gap width.

Hybridization Attempt

While the low drift gain block was being developed at circuits
level, it was decided to fabricate on 1” x ½” substrate three log stages

-3-
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along with the final  summing amplifier. The purpose was to get a practical
feel for the results for a lutown circuit sub-block using hybrid integrated
circuit techniques. After some difficulty with bonding, etc., comparable
results to descrete sub-block were achieved.

Overall Circuits Development for the Complete Detector

Logarithmic Amplifier

After achieving satisfactory results with a high gain linear
amplifier, it was decided to breadboard a detector log amplifier . A
tunnel diode detector was used for the simulation purpose as Schottky diodes
and 3.0 dB hybrids were being evaluated separately. The block diagram
conf igured for implementation of a DLVA is shown in Figure 17, Paragraph
4.0. A temperature compensation circuit also described in Paragraph 4.0 was
used to compensate the drift from linear amplifiers by applying an equal
amount of voltage to the non-signal side of log stages .

The unit was successfully aligned at room temperature. It re-
suited in less than ±1.0 dB linearity from TSS to 0 dBm. First temperature

run on the circuit gave quite unacceptable results. Various stages were

separated and re-run over temperature. Unacceptable results were traced

to two amplifiers placed in shunt at the detector output. Impedance change

and interaction was the main reason for nonrepeatable DC drift results.

Block diagram approach was reconfigured (Figure 18, Paragraph 4.0). Es-

sentially only one amplifier was placed at the detector output. The ex-
periment was re-run and satisfactory and acceptable results were obtained
over -54°C to +75°C temperature range .

Furthermore, it was decided to confirm that low drift gain cell
is repeatable. For this purpose, two complete breadboards were made and
extensive results taken over temperature. Results are shown at the end

of Paragraph 4.0 and were quite satisfactory.

After this stage a two prong program was initiated, which is - . -

summarized below :

-4- 
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1) Evaluation of Schottky diodes for DC tracking and

matching. For this test several test circuits were
built where Schottky diodes were bonded 10 to 15
mils apart. Each package had 10 diodes in it, pack-
aged in a 24 pin package. Extensive experimentation
was done on several of these packages . Basically,
packages were first subjected to non-operat ing high
temperature bake and temperature cycling followed
by 168 hours of operat ing burn-in . The above was
followed by detailed data taking over time and
temperature . After running the experiment for
approx imately 2 to 3 months , it was concluded that
Schottky diodes could not be used in DC coupled
applications. The worst case differential drift

between any tw~ diodes was 4 to S nrr , which re-
stricts the useful low end dynamic range to -20

dBm. As a conclusion of the above it was mutually

agreed between Aertech and NRL to use packaged

co-axial tunnel diode detectors.

At the same time, it was also decided to terminate

the development effort on couplers, primarily as

changes made did not result in expected results and

also due to the fact that use of tunnel diode detec-
tors implied that couplers would not be required.
This is true as tunnel diode detectors give low VSWR
even at 0 dBm, when properly terminated into video
circuitry.

2) An approach where hybridization of circuits would
proceed in a parallel mode, namely:

-5-
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Hybrid I

Hybrid I consisted of three log stages, power
supplies and the output summing amplifier. ‘I\~o circuits
were built and successfully tested.

Hybrid II

Hybrid II consisted of two low drift high gain linear

amplifiers. It also had appropriate level shifting circuits
and interface circuits for the log stages. After initial

trouble shooting satisfactory results were achieved in terms

of bandwidth, rise t ime , gain and pulse swing capability.
Two circuits were then subjected to burn-in and temperature
cycling. Acceptable results were not achieved. Probable
cause for poor temperature performance was improper thermal
distribution and intermitten t bonds .

Hybrid III

Work on Hybrid III was started before testing on Hybrid
II was complete. Hybrid III consisted of a complete logarith-
mic amplifier circuit. It included five log stages, two high
gain linear amplifiers , inverting amplifiers, an output summing
amplifier and power supplies . However , all the circuit blocks
were externally accessible . The results of this hybrid were
satisfactory.

hybrid IV

Hybrid IV was planned to be the Final Format . It in-
cluded some design changes, internal frequency and gain setting
resistors . In order to increase the yield , critical gain
setting and offset setting resistors were “chip type” instead
of thick film printed resistors most of the resistors (over 100)

-6-
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were printed using three different screens . A large number of
different screens were needed due to a very wide range of
resistor values. Hybrid IV was successfully al igned at
room temperature. However , its thermal stability at room
temperature was not acceptable. Results over temperature
were completely unacceptable . Most of the thermal problems,
after a carefu l examination , were attributed to uneven thermal
distriubtion.

Final Circuit Iteration

Circuits were relaid out on four different 1” x ½” substrates.
For example, power supply regulators (dissipate most heat) were on a
separate substrate and low drift l inear amplifiers were on a separate
substrate . Extremely good results were achieved using this approach .
Results are discussed in Paragraph 2.0.
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• • 4 ’~~. . 44.~ ..j 

~~ 
_ _ _ _ _ _ _  _______  

ThE FOUR MATCHED- 
._- ______ DETECTORS SHO VN
‘I I y ‘~~ 

_______ 

IN Till: S~EVF RESPONSE
•

~ 

WO~OGRAPH 

- • - • - • ---• -~ 



____________________________ _________

.1 N L1)X I (fl ) 2

~~RhAI 
)~ !t357

TESr RESULTS

(3.8) DELAY T~C4E 25 p$ (SOnS 
~~~•)

3.9) RISE TD~1E 30 nS (8OnS max.)

(3.10) ~~irLINC Tfl~~ 70 flS (8OnS max.)

(3.11) PBDPOGATION DELAY 95 nS (l4DnS max.)
+ S±~.LTLING TIME • . 

- -

Loa LINEAPI~1 - - •  - 
.
• - 

- 
-

.

(4.6)
OP AT Q~z - •

-4Od~~ 233 mV
-3SdBm 

- 

619 mV

-30d~n . 
- 1003 .

~~~~~~~~

-25d.~u 
1436 mV

-2OdBra 1866 mV
-lSd&i 2297

__ mV
-lOd.Bza . 2670 mV

- 

..5~~ 
3042 mV

OdBIn -
~~~~ 

3447_ mV

• 

. 

(4.6)• at GHz

(4.2) ~~ 
41.5 ~~~

TSS at 5MHz . 43 .2~~~~
B.W. (4.3)

- 
.

TSS should be better than -41.SdBm at S’lHz B.W.
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TEMPERA11JRE PERFOPMkNCE

# L1 X 1002

SE UAL ~ p6357

LOG LINEARITY

• OP AT+25°C OP AT-54°C OP AT~ 85°C

233 mV 156 my 256 my

—35~~~ 619 mV 500 ~~ 614 mV

—3OdBm . 1OO3~~ V 950 m V  1014 Tn~!

—2.Sd~~ 
1436 1380 ~y 1432 mV

- —ZOdBin 1866 rnV 1769 mV 1846 mV

—1Sd~ n - 2297
__mV 2141 mY 

—
_2282__mY

—10d~ n 2670 mV 2536 
~ j  2658 ,

~J
3042 mTi’J 2910 mV 

- 3012 m V -

• OdBm 3447 mV 3307 mV 3433 mV
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____

M)DEL I —_!.I(X100 2

SERIAL # 1fl3~7 
-

• 
_ _ _ _ _ _  

• 

~ JLSE RESPONSE
_____ 

_ _ _  

~~~~~

• 

_ _ _

L -U~~~~~U~~~~1I

— 
••• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

_ _ _ _ _  _ _ _ _  

RISE TINE
_ _ _ _ _ _ _ _ _ _ _ _ _  

A T O d B M INWF
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________________________________________________________ - • - 
•

~ I~ I . I.DX 1002 -

163S8

- 

TESF RE.9JLTS

(3.8) DELAY TD~ffi - 25 nS (8OnS max.)

(3.9) RISE TThIE 25 uS (SOnS max.)

(3.10) ~~I-1LING Tfl~~ 
- 60 uS (8OnS max.)

(3.11) PROPOGATION DELAY 85 p~5 (140nS max.)
+ srrru~ TIME - •

LOG LINEARITY 
••  • 

• 
- 

-
. • 

- •

t 

• (4.6)
OP AT____

-40d~~ • 253 TnV
• 600 . mV

• 982_~~mV
• -25daii 1406 mV

-2OdBm 1830 mV
-i5d~~ 2237 mV -

• • -1oa~n . - 2633 mV
— 5d.~n - 3017 my
0d~ n 3421_ mV

• • 

~4.6)
• at ______

(4.2) ~~ 
• 41.0 d~~

TSS at SMHz . 43.2 db
B.W. (4.3) •

TSS should be better than ‘-41.SdBm at S’fl-Iz B.W.
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TEVfl~ERAThRE PERFO~ L~NCE

t4~DEL # — 

LDX LO O2

• sERIPL I 16358

LOG LINEARITI

• OP AT +25 °C OP AT-54°C OP AT +85°C

-4Od~ n 253 mV 233 nV 270 m V
600 mV 580 

- 

mV 633 
- 

mY
982 mV 92 6 mV 

- 

• 1006 mY

‘-2Sd~i 
1406 ::~V 1360 mY 1420 mV

- —ZOdBin 1830 mV 1721 mV 1815 mV
2237 mV 2096 mV - 2231

__mY
-1Od~ n 2f~~ mY 2505 mV • 2628 -

• 
3017 2902 mV 

- 

2997 mV
• • Od~~ 3421 mV 3308 mV 3410 mV
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~.%JDEL N LDX 1002

SERIAL ~ 16358

_______  
PULSE RESPONSE

_____ ____ 

AT 0 dEN INPUT__ --
- 
_

~~ _ _  _

• 
-

— •,.

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
- 

~~~~

• RISE TIME
AT O dBM INWF

L

• 
~~~~~~~ •

• • •
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?~ DEL N LDX1003 - 
_

SERIAL 1 16359-60 
- 

•

_ • 

- 

_ _  

• 

•
•

- 

• • •
• 

• -

_____ ~~~~~~~~~~~ ~ 3DEL LDX 1003
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• •
~~~~~ ~~~~~~~~~~~ DEFECTORS USED

• • ~“-~ -• • •
•_ ••
.•;; •. SELECTED FR~ 4

~~.. ~~ _____ 
ThE FOUR MATCHED

• • -p 
• 

~~~~
• • 

-
•,~~~•~~~ •• DEFECTORS SHOWN

_ _ _  
‘ 

.
‘

•~~ IN ThE SWEFT RESPONSE
• 

_ _ _ _ _ _ _ _

• 
- 

•

~~ 

~— :. • ‘~i~~.

~ ~~3~~
#•-:. 

• 
________

1. - - • ••

I
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MODEL t’ L1)X1003 
-

SERIAL N 16359

- 
• 

• TEST RESULTS

(3.8) DELAY TIME 25 uS (8OnS max;) 
-

(3.9) RISE TIME 25 p5 (8Qp~~~~~~)

(3.10) SEL-ILING TIME • 
60 p~ ~~~~ ~nax)

• 
_ (3.11) PRQPOGATION DELAY •• 

85 uS (l4OnS max.)
+ S~imING TINE • 

- - . 
• 

•

LOG LINEARITY • • • •• 

•

• 
• •

.

• _ - 
• 
(4.6) -

• • 
_ •

•
•
~~ • OP AT_1O Q{~

• 40d~ 1 -• 

- 

306 mV
• 

- 35~~~ 
- : 707 mV

• -3Od~ n . 

- 1114 mV
• 

•
. -2Sd~n • 

- 

1528 mY
• -2OdBm • 1406 mV

-lSdThn • 2240 mV

• • -1OdR~ 
- 2660 mV

3073 my
OdBnm - 

• 
3389 mV

(4.6) 
-

- 
• at GHz

(4.2) i-s.c 
•

TSs at ~~~~~~~~~~ 
. 41.7 d~~

B.W. (4.3) • 
• 

•

• TSS should be better tha n -41.SdBnz at SMHz B.W.
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TE4PERA11JRE PE FOg~~NcE

M)DEL I LDX~003

SERIAL 1 16359

LOG LINEARITY

• OP AT +2~°C OPAT -54°C OP AT+85°c

~4Od~ n • 
306~~~~ 428 mV 

- 
468 mV

H 35~~~ 707 mV 815 - • 

811 
- 

mV
-3OdBxn - 1119 mV 1190 mV ii~ n mV

_1528 mY 1585 mV 154ó mV
- -2OdB~a 1906 mV 1964 mV 1420 mV

• 
~~~~~ 

•
• 2240 mY 2285 mV 2261 mV

—1Od~ a • 2660 ~‘J 2709 mY 2707

• 
3073 mV 3135 mV 3110 mV

• • o~~ 3384 mV 3415
___

m V 3447 In’!

I - 

• 

•

I
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
~
- 

~~~~~~~~~~~~~~~~~~~~~~~~ 
-‘--- _M~~. ~~~~~~~~~~~~~~~~~~~~~~~~

?~ DEL- # LDX1003

SERIAL N 16359

~~~~~~~~~~~~

1 PULSE RESPONSE
• - I AT O dBM INNT

*-J 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

q

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

• • - 

_ _  

_ -
• 

-

~~~~~~ ~I
- 

••, 
_ _

- .: ~~~ -_ • ~~~~~~~~~ ~~ 
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _  

RISE TIME
•9 .  

__________
_ _ _  AT O dBM INPUT

~ii_ _  __ 

- • 
•

r
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~!~JIThI 
- LDX 1IO 3 -

SER I AL 16360

• • 
- 

• TEST RESULTS

(3.8) DELAY TINE 20 uS (SOnS max.)

• (3.9) RISE TINE 22 
~~ (8OuS max.) 

• 
• 

-

(3.10) SE~ILING rD.i~ • ______uS (SOnS max.)
- 1(3.11) P1~~PCGATION DELAY • 

90 uS (l4OnS max.) • 
-

+ SEITLING TINE • 
- 

- - 
-

LOG LINEARITY • •
• - • 

. 
- 

- 
• • • 

- 

• • • 

- -

- • • -
: (4.6) -

• OP AT 10_Giz

-4Od~ i - • 368 mV
• -3Sd~n 

- 
- 391 mV

• - -30dM . - 
1052 mV

• ~~~~~~~~~~~~~~~ 
: 

- 
1464 mV

-20dM • 1821
__~ y

-15dM _ 
• 2188_ mY

-10dM • - 26l6 mV
- -5dM 3070 mV

0dM - 
- 

• 
3367_ mV -

- - 

- 

• 

(4.6)
- 

• 

• 
- at 10~~~~ 

-

(4.2) i-s.c 
- 39.5d&~

TSS at S~~z - 
- 

41.7 dM
B.W. (4.3) - • -

•

TSS should be better than -41.SdBm at 54Hz B.W.
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~~~~~~~~ —-~~~

TE4PERATURE PERFOR~1ANcE 
-

?‘~ DEL I 
LDX1003

SERIAL N 16360

LOG LINEARITY 
-

- O PA ~F +250C OPAT-54°C OP AT~85°C

-40dM 368 mY 243 mY 410 mY
691 mV 688 

- 

mV 744 mY
—30dM . 1052 mV 1117 mV - 

- 

1065 mY
1464 maY 1538 mY 1453 mV

- 
- —20dM 1821 mV 1901 mY 1850 m V
—lSd?a -

. 
2188_mV 2251 2218 mY

—10dM 2616 mV 269 1 mV 2637 ,~‘,

- 

3070 ~ j  3181 mY 3080 mY •

- 0dM 3367 mV 3439 mV • 
3398 ~iJ

-20-
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MJDEL N LDX IOO3

SERIAL. # 1~~ C0

_ _ _  
_

_  

PULSE RESPONSE

• :~~~~ ~~~~~ ‘ 
-— -‘ - -

I 
________________________

— ~~~~~~~~~ RISE TIME

_ _  

~~~~~

____

1!I~~~~~~~~~~~~~~~~~~~~~~~~ 

I

-

• ~~~~~~~~~~~
- - - - • -..

F ~~~~~~~~ “~~.. .. •~~ - .

-21-



- —~~ _..-.~.,, ~
;----- ——-——----—-•‘- - - •-—— - • - •—--•- -- —-----—-- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • — •.

3M CQ\MENTS ON AC’ITIAL E JARIY1~ARE IlK1 ~ ) - ~\’~CL
VERSUS PRO JECI I~ :Rl-O1 ~’-t\~ fl~
Aertech Industries t akes p leasure in reporting all the

requirements of the program from an electr ical  perform ance standpoint
were met , and in most cases, exceeded. Few parameters, which are

significantly better than projected earlier are :

1) Rise time down to 20 nanoseconds as compared
to a specification of 70 nanoseconds.

2) Recovery time at 0 dBm of less than 1.0 p seconds ,
where as this parameter was not specified earlier.

It is fair to point out that typIcal value of re-
covery time at 0 dBm runs anywhere from 10 to 20
microseconds .

3) Temperature performance , was well within speci-
fication, and extremely stable baseline.

4) Differential matching well within specification.

-22-
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-1 .0 ~~JA1ffl~~X PROGREss P1:PORI’

This covers the 
~~ 

iod endiiy~ ~ovcmber 30 , 1973 , as follows .

I
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MAJOR TASKS

NRL DEVELOPMENT PROGRA M - rntegra ted Det-Log Amp

TASK 01 LOG AMP DEVELOPMEN T

a. Design Labor
b. Breadboard Circuit Fabrication
c. Breadboard Testing
d. Substrate Testing

• TASK 02 DETECTOR DEVELOPMENT

a. Design Labor
• b. Breadboard Testing

C. Substrate Testing

• TASK 03 SUBSTRA TE LAYOUT & FABRICATION

a. Substrate Layout
b. Substrate Fabrication
c. Mechanical Design
d.  Fabrica te Housing
e. Compos ite Assembl y
f .  Process Engineering

TASK 04 INTEGRAT ION TASKS

a. Write ATP
b. Write QTP
c. Composite Testing
d. Acceptance & Qual. Testing

- 

e. Environment lab Charges

TASK 05 PROGRA M MANAGEMENT

a. Progra m Planning
b. Quarterly Progress Reports
C. Final Report

-25-

_ _  ----- • - • -~~~~~ ---—-•--••~~~~~~ - •• ~~~~~ ~ •- • - - - -



F 
-

~

‘-- —--—-- --- --— - —--
~~~~
- - ---

~~
-.-.-—- —•-- -- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S - 

•

• 
- •

, 

- 

•

Li

.4 1~1- Iv~I

- [I .

-

:

~~ 

• • 
. 

-

-

-

‘ ~~~~~~~~~~ ~ p;-;.’ ~ I.
—4 L N L

4~~~~ N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

¼J 
~• ; ~ ~~~~~•

\ ~~~~~

~~~~~~~~~~~ “ -~L ~ U~ ~~~~ . ~~

~~~~ L. ~

~~~~~~~~~—~~~- --~~~~~~~~ ~~~~~ — -~~~~~~~ —- • -  .~~~~— •~~~~~~~~ -—- •~~- - - --~~~—- —-- -- -- - • --- • • -—- • • - - - —  ~~~~~~~~~ - • ---~~~~~—~~~~~~~~~~~ .--~~~~~~~~~~~



~~~~~~~
-— —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~-— • -~~~~~~~~~- -

~~~~~~~~~~~~~~~~~~~L. 
-

INTRODUCTION

This reporting per iod progress In the areas of 3dB couplers ,

microwave detectors, and amplifiers hybridization Is discussed . Addi-

tionally, some discussion is d irected to ma terial and processing tech-

niques In the area of thin f i lm  technology. The philosophy tha t is

presently being followed Is to develop and prove each component indi-

vidually before mating it to Its complement.

In the area of 3dB couplers a slight deviation from the proposal

has been taken for the lower frequency band . The firs t iteration of this

coupler has been an Interdigitated version rather than two cascaded 8. 34dB

couplers as proposed . This type of coupler will be investiga ted first to

determine if it is useable for this application . The higher frequency

band coupler is of the interdigita ted type as proposed . The technical

section covers the performance ob tained from the first Iteration of these

two couplers .

In the detector area individual circuits are discussed for the character-

ization of the Schottky detector diode. Since detector RF testing is going

on at the present time there is no da ta included for detectors .

In the area of amplifier hybridization , discussion is d irected to the
power supply and three logging stages of the amplifier tha t have been

la id out for thick film fabrication . The tradeoffs between thick and thin

film fabrication as it applies to the circuit are addressed .

I
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AMPLIFIER HYBRIDIZA TION

The firs t layout of the power supply and three logging stages of

the amplifier circuit has been completed . This circuit has three chip

transistor arrays and two chip voltage regulators and two chip transistors .

The circuit was laid out for thick film techniques using screend conduc-

tors and resistors with attached chip capacitors . This first iterat lan of

the circuit is larger than anticipated and can be put on a ceramic sub-.

strate measuring 0 .5 x 1.15 x 0.025 inches . The conductor and resistor

Inks are made by Electro Materials Corpora tion of America and are fir ed

at the same tempera ture . Three resistor Ink s having a resistivity of

10 , 300 , and 3K ohms per square will be used to cover the wide range of

resistor valves . The chip capacitors have a length and width of 0.050

Inches .

Thick film techniques were picked over thin film techniques fcir~this

circuit because of the flexibility of the resistor aspect ratios . The re-

sistors in th1~s circuit range from 20 to 17K ohms . Since in thin film

metalized substrates you can orly get one value of resistivity in the

resistive layer it is not practica l to cover all the resistor values . The

use of chip resistor and thin film circuitry would be a solution except

that finding eK~ct values may be difficult. Therefore , the logical choice

was the use of thick film , where varied resistor inks are available and

trimming the resistor to required value is not difficult. Table II summarizes
- the advantages and disadvantages of thick and thin film system as

they apply to this circuit.

The thick film gold conductor pattern is 0.010 inches wide and the

type of gold chosen has good wire bonding properties and so1der~lxtlIty
• this width of conductor was chosen since line wid th are not critical and

~h1s size is easy to screen. Resistor values of 20 ohms to 36.5 ohms

will be made with 10 ohms per square Ink, resistor values of 200 ohms to 2K

ohms WW he.ni~dj’~ with 300 ohms per square Ink, 
and resistor values

-28- 
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above 300 olims will USe 3K ohms per square ink. The resistors are
designed to lower values of resistance so tha t they may be trimmed
upward s In value. Interconnection between transistor chips and print—
ed conductor will be done by wire bonding . Additionally, the use of
wire bonds will be made to facilitate conductor paths where necessary .

A second iteration of this circuit is underway With the obje ctive of
• reducing the size of the substrate . A new approach for laying this circuit

out Is the use of more chip arrays to simplify the conductor paths . This
would simplify the topology problem and may reduce the substra te size
a considerable amount.

For the next reporting period the circuit will be re—laid out using
additional transistor arra y chips . Mark s will be made for conductor
and resistors and several circuits will be screened and fired and
electrically tested . 

-
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Table lt

Thick Film Versus Thin Film Technology

SYSTEM ADVAN TAGES DISADVANTAGES

Thick Film Resistor aspect Poor line resolution .

ra tio flexibility

resulting in small

• size substrate .

- All resistor values One mask required

can be met using for each ink used.

different inks.

Thin Film Good line resolution. Poor resistor aspect

ratio flexibility re—

suiting in larger

substrate sizes.

Maximum of two Require use of chip

masks required, resistor to meet all

resistor values.
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COUPLERS 
—

The first iteration of two interdigita ted type microstrip coupler desLgn

have been fabricated and RF tested . These circuits were fabricated on

metalized alumina substrates having dimensions of 0.5 x 0.5 x .025

inches using thin fi lm techniques . Figure 1 shows the configuration of

the interdigitated couplers . The couplers are designed to cover the

frequency ranges of 2 .6  to 8 GHz (S/C Band) and 6.9 to i8 GHz C/Ku

which corresponds to a fractional bandwidth of 102% and 89.5% respec-

tively .

• The circuits were etched on 99.5% pure alumina substrates which were

metalized by sputtering with 150 angstrorns of chromium and 300

mlcroinches of gold. The substrates had a surface fAnish of four

microinches CLA and the finger of the couplers were stitched with 0.7

mil diameter gold wire . The average line width and gap width dimension

are listed in Table I .  The coupler configuration and dimensions were

arrived at by scaling from existing operational designs. The designs

are based on empirical work tha t previously yielded working circuits .

Table l -

Band Frequency Line Wid th Gap Wid th
w

________ 

(GHz) (mils’) (mils’)

______ 

2.6—8.0 3.7 1.8

2 6.9— 18.0 3.5 1.18

The circuits were etched and wire stitched using a wedge bonder

in the diode etching and assembly area of Aertech. Some difficulties

were encountered in the sfttchlng of the couplers that results in

longer than anticipated wire loops and damage to the lines. This was - :

attributed to operator Inexperience in bonding this type of structure.
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FIGURE 1

3dB COUPLER
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The RF i~erformance obtained by the S/C Band unit is shown in Figure —

2 , 3 ,and4. The data shows a maximum VSWR of 1.33 to 1 and a minimum

isolation of 20dB. The coupling is approximately 3. 3dB except for the

lower end of the band where the coupling is much worse than expected

in the order of 5dB for the coupled port. The coupling can be improved

by adjustin g the line and gaps to give tighter coupling and improving

the wire stitë-hlng . -

The C/Ku band unit performance is shown in FIgures 5 ,6 ,7 ,8 and 9.

The worst VSWR occured at 14GHz and was 2. 6:1 . This is directly

attributed to the poor stitching of the coupler . The isolation was 13dB

worse case and the coupling averaged about 4dB , the coupled port was

5.4 dB at the lowest frequency . This circuit can also be improved by

adjusting the line and gap width and Improving the stitching. The

performance was worse on this circuit because its high frequency

operation makes stitching and dimensiona l tolerance more critical.

For the next quarter , the second Iteration of these circuits will

be fabricated and tested . The line and gap width will be adjusted to

give tighter coupling . Additionally, the wire stitching will be improved

to give better performance especially at the higher frequencies. The

wire stitching will be improved with the purchase of a new thermocom-

presslon ball bonder . -
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DETECT ORS

Detector characterization circuits have been designed and etched

during this reporting period . The d iode characterization circuits were

fabricated on 99.6 pure a lum ina substra tes metalized with chrome gold .
The circuits consist of 50.cllnput lines with an etched bypass capacitor

In one circuit or another circuit where the diode Is attached to ground
direct ly.  These circuits will  be used to characterize the Impedance
and diode voltage sensitivity as a function of frequency of the detector

d iode tha t will be used on the detector circuit. Also, a compan ion
circuit has been fabrica ted that Is the exact replica of the diode to
provide a short reference which is identical to the diode test fixture .

Addi t io na l ly ,  detector circuits ha ve been designed and the artwork
made which uses an etched ta n talum nitride resistor in front of the
diode . These tests are now in progress but as yet there is no available
data to present this reporting period .

Next reporting period the diodes shall be characterized and severa l
configurations of detector circuit will be tested and reported on. Add I—
t ionally,  an evaluation of tantalum nitride resistor as a function of
frequency and aspect ra tio will be made.

‘4.
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I A lso , stt~ndard labora tory holders have been designed and fabrica ted

- to test the microwave prototype circuits . Ha ving standard holders f or

each substra te size will reduce the variation in test results tha t could

occur If different types of holders were used for ea ch circuit. These

circuit holders are machined out of brass and have the threaded type

of microstrip end launchers . The end launchers are made by Cablewa y
- Sys tems and have a maximum VSWR of 1.20:1 to 18 GHz.

For the next reporting period it is anticipated tha t a 0.0002 to

0. 0002 5 inches etch fa ctor will be ach ieved by ref inement of our
etching techniques .

II

1
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TECHNIQUES

During this reporting period considerable effort was expended with
two suppliers of metalized substra tes so that Aertech is assured of

high quality alumina substra tes . The substrate sizes that will be

commonly in use are 0.5 x 0.5 x 0.025 inches , 0.5 x 1.0 x 0.025 inches,

1 . O x  1.0 x 0.025 inches and 1.0 x 1.50 x 0.025 inches, having a sur-
face f in ish  of 4 microinches centerline a verage (CLA’I . This surface
finish provides the best compromise between metal adhesion properties
and RF circuit performance up to 20 GHz . It is intended tha t chromlum/
gold , and tantalum nitride/chromium/gold , metalizatlons will be used
for microwa ve circuit fabrication . The tantalum nitrid e layer will be

• used for etching resistors as they are required in the microwa ve cir-
cuit.

Photolithographic work Is being handled by outside vendors pre-
sently. A maximum of three-day turnaround has been experienced thus
far with 1/2 day turnaround time being requested and gotten on one
occasion . Negative type of masks are currently being utilized for the
microwave circuits . -

Additionally , during this reporting period thin film substract ive
procedures were established for exposure time , development time , and

• etching t imes for microwa ve circuits on metalized ceramic substra tes .
The techniques that were established apply to the negative type of
photoresist manufactured by Kodak . The amount of variation between
mask and etch circuit dimensions “etch fac tor” has been 0.0005 inches
thus far.  The target for etch factor is 0 .0002 to 0 .00025 Inches and
it Is anticipated tha t we will achieve it shortly. Potassium Iodine
type of solutions are being used for etching gold and Hydrochloric
acid types are used for etching chromium. Tantalum nitride Is being
etched with a solution conta ining hydrofloric acid . All of the etchant
SolutLons are mixed atAertech .
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In Figure 3 f t  is assumed that power supplies Vcc and ‘~i~~ are constant
over the operating temperature range.

It can be seen from the figure that if

!B~~~0, then;

~ + VEE 1

R3

VQ3E = V Q3B _ O . 7

VQ3B =V Q4B~~
O.7+R2 (V Cc +V EE_ V Q4BE

- R 1+R 2

If Q~ , Q4 are matched , then their base emitter voltages tra ck over
temperature . Thus over temperature , quantity~~~j s very small

~,f

NUMERICAL ILLUSTRATION

VCC = V EE = 6 . O V  -
- 

-

R2 = 3K , R 1 = 8 3 K  , R3 = 750

then h i = 6 ÷ 6 ~~O.7 = l.~~mA
8.3+3.0

VQ3B = 2 ,3 volts; VQ3E = —3 .OV

or 
~~~~~~~ 4. OmA

750

-46-
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If operatlng temPeratUre is -55°C and = —2mv/ °C .AT from 25°C = 80°C

then
I
~ 

@ —55°C = 6 + 6 — 0 . 86 = 0 .98 mA
8.3 + 3.0

or VQ3E = VQ4E = 3.042

or 1=295 7 =3.94 mA
750

% change in I from 25°C to -55°C = 1.4%

It should be pointed out that in figure 3 Ri , Q4 , R2 chain is used to

bias only one transistor and the assumption TB = 0 is quite valid . However ,

when about 20 transistors are biased using the above chain then resultant

cumilative change in the above bia s current severly changes VQE where

Q is any one transistor out of a set of 20. This change results in a
signIficant ai where I is the current provided by the constant current

source In ea~~ differentia l pa ir. A biasing circuit was designed to

drive up to 30 transistor current sources with insignificant c ) I .  Circuit

Is shown in the figure 4~

Q ~jL4~ Q 
~

V8ffiS

L
~~
J -‘.4) — V

j Vx
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An op~t m p  (74 1’ is used in the Invert ing mode to get a low imped ance
(A C. ~in~ D.C.~ stable reference voltage VRef Q1,Q24- Q~ are
all matched transistors , thus their VBE ’S track over tempera ture withIn

±0.5 iiV. Transistor Q2 is used to supply the base current of transistors
Q3. Q4 ,

Thus over tempera ture voltage at VQ3E. VQ4E
____V

QNE is going to be
as constant as VR~ f Exper imental ly  the above circuit shows less than
0.1% vLlriation En VQ3E 

etc.

GENERALIZED GAIN CELL

The following circuit shows a generalized block for gain 50 , wide band
amplifier.

2.43~~ ~~2~~3’~ J ~~ZK 
-

~~~~
° 

j\
~~~ 1 

~~~~~~~vfl 
L-1~4 ~~~f 

_____
i__I__I 

I - 0~1rPc’fI — -ø
NI

~ B

7�Oi?.

L _ _ _ _ _ _ _ _ _ _ _ _

FIG. .5~ —12V

*B represents bia s voltage (derived fro m the circuit described earller’i . - - -

B —8.3  Volts
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From input output stand point , the above circuit can be represented by:

OUTPUT p

It can be used En the inverting or the noninvert in g mode. A typical connection

for X50 Non Inverting amplifier Is:

- 
FI G,

Above circuit  Es designed to achieve wide bandwidth , linear and very low output

offset dr i f t . Ea ch differential pa ir is biased at  2 mA/transistor to maximize

the transistor 
~~ 

Open loop voltage gain is:

(ga In’~ x (gain)
- first di ff . pa ir 2nd pair

3First pair gain = 2.43 x 10
26 -

-49- 
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Second pair gaLn~ 2 .0  x 1 0 3 = 
—

26

Net open loop voltage gain “
~~2 .43 x 2.0 x io 6 -

26 x 26

To keep offset drift very low , in addition to the high open loop gain , current

through each differential pa ir and transistor is kept very nearly constant

over tempera ture by the biasing arrangement described earlier.

Results for the above circuit over temp~rature are described in a la ter section

on the development of high gain linear amplifier .

-50-

• -~~~--- -~~~~~~~ - - - • - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



-- -v-- — 
~~~~~~~~~~~~~~~~~~

- - -—-- -~ ~~~~~~~~~~~~~~
•—

l :xp i~r i~~mt tu  t I t l  th e  ef fecL on tn e  C Itput log res onse of d ifferen ti al and

IIK) dO Siqfld l~ (Ipplied to the log stage.

‘Ihe purpose of the experiment was to find out how a log stage with its associated

summing amplifier would respond to common mode and differential signals .

Theoretically speaking a common mode inpu t voltage at the bases of a

differential pair (without upsetting the biasing constraints) should not produce

any change in the output.

L~4
TEM ~ VA~ l~&~INPUT a d~ VoLr/ ~6E

‘fr I

— V11

Figure 6 shows a simple differential pa ir. Signal (A .C. signal + d .c.  offse t dr i f t)
is applied at  the base of Qi - If the DC voltage at the base of Q2 is made equal
to the d .C.  of fse t  dr i f t  over tempera ture , then V0 shall rema in constant over - - -

te ;npera t ire an’i will be result of only the A C .  signa l input . Essentially It

-5’-
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means Injecting ~in e : : ter .- ; i  )-~r~itu re variable d.c. voltage at Q2base SO

tha t the d . c .  offse t  d r i f t  dssoci3ted with  t he signal  shall appear as common - -

mode voltag e to the di! Ie r ent L~l pa ir  and thus will  be rejected . Test circuit

for chocki ng the common moJe response Es shown in figure 9.
+GV

/7 7 
~~~~~~~~~~~~~~~~~~~~~~ 

I p

300-n- OuTPUT

- 

7�O2~~~~~

F1G.~
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1~ansistors Qi4 thru Q5 form a fast summing amplifier. Q7 - Q8 form the

~ logging stage. R1 ~~ 10K

To apply common mode signal  both bases are shorted together — Power supply

voltage is varied to create the offset voltage at the point X1.

Results are given below:

offset at pointX 1 out put offset

+1-5.50 nw —58 .3 my

+6.50 my —58.22 my

—18.0 my —58.27 my

— 6.0 my —58. 24 my

After the above successful test1the following test circuit was used to inject

d .C. offset plus signal at the base of Q7 and to apply the same d .C. offse t a t

the Q8 base from an independ ent source

Q+~~V

I -.-~ i~ - To . SQ Mf r I , N G

I I ~~~ 
(&4S~ Oc 

Q
g 
,‘ P~c ,~7~)

Fk’s~ ~~ Pft~
P

FULsE EO..a CA&z~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L

~~ ca. L.J
-g

~~~ ~~~~~
M4S Dc OF#~SE7

C4P461L.,77

‘1 -

F/~ 10
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Results were:

DC offset ~ Input pulse Outpu t Output
(-ye) amplitude Pulse amp offset

~
7base 0Bbase ~~ bas e

6. Q my 6.0 my 10 r’- .p 46 m v  —59 my
H “ 2O mv 89 mv

50 my 190 my

100 my 260 my

+12 mv +12 my 10 my 45.5
1 20 m v  89.0
‘4 50 my 190.0

100 my 
- 

255

—6 mv —6 my 10 my 46

“ “ 2O mv 90

“ “ SO mv 
- 

187

100 mv 255

—12 my — 12 my 10 mv 45.5

2O m v  90
50 my 190

100 my 
- 255 “

Output pulse amplitude varies from 46 my (Av.) to 260 my CAv .~ when input goes
from 20 my (—33 .97  dBv) to 100 mv (-20 d3v) , implying a log slope of 15 .3 mv/dBv
It Is clear from the above date tha t firs t order cancellation of the dC offset drift
effect on log output  can be achieved by Injecting an independ ent but tempera ture
variable voltage on the Q8base.

Since in an actual circuit it is not possible to completely cancel the effect of

dC offse t dr if t, test circuit shown In figure flwas used to study the output log
response with no correction voltage applied . This would In fact simulate the

— 51 —
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the effect of the resultant differential drift between the two bases , when actua l
correction voltage is used .

- 

[ __________ To SuM~ IWG AMP

~~~~~ 
So~ CA~~~ X, 

- 

_________

L i —
~~~r1~~~~~ ~~~

‘1
~~~~~~

_7

HP~’Oo$A
iI~~ ic oFFs~ r 2 r~
C’~PAaiury

1”

F/(~ if -

-4.
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Results achieve& are tabulated below:

Input offset Input Pulse Output Output Output

@Q
7base Amp © 

~~base Pulse Am p. Offset Peak val -e

0 my 20 my 104 mv 0 104 my

50 my 230 my 0 230 my

100 my 333 my 0 333 my

—12 mv 20 my 98 my +63 my 161 my

50 my 202 mv “ 265 my

100 my 285 my 348 my

+12 my 20 mv 106 my —63 my 43 my

50 my 249 my 186 my

100 my ~75 my 
- “ 312 my

Development of High Gain Linear Amplifier -

As was pointed out in Aertech proposal (P-34238) , high gain , low dr if t and wide
band amplifier was one of the main blocks to be developed . Initially configured

block diagram with a gain of 500 and meeting the above specified design objective s

is shown below . 
-

1 T E~ P

-i r hoN. IdW _ _ _ _ _ _ _ _ _  X W p

LI c~ri°c’r 
- -

C1L4 O~esC i~i8(o F -Asr xw~~~iw~
Is rnr 4oou ,~~~ ~oO~ ~~~ Thi

FIG, 12 5() 
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It was expected that X50 ampl i f ie r  being high loop gain type would give low but

linear output d r i f t .  Typical rise time expected out of A 1 was 15 nonosecorids.

To conserve bandwidth , A 2 was designed with modera te loop gain , and very

fast  bandwidth . From earlier work done at Aertech , it was known that A 2 type

amplif iers  have relatively larg e but very linear drif t  (up to 100 pv/°C refered

to the input) . Using the scaled d own but very linear tempera ture variation of VBE
En a diode , it was expected to s ignif icant ly null out the overall offset dr i f t

using the temperature compensation amplifier .

Detailed circuits for the above three blocks are described below:

A 1: Circuit and operation described in the introduction

A2 :

-~ .J’~N3 g~c
~ 

_i_ .fs~ 3 ~ 
24— ~~~~~~ -.-——-- - 

0~ TPV T

÷4-

3

- 

F1c .!3

F 1c . 14
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In figure 14, X1 ‘is an output point with low dC. and A C .  Lm pedance. A t room
f~) f%Itempera ture it is ii 0 ± 5 my . Over tempera ture X 1 varies at = 4 .0 mv/°C with

a positive temperature coefficient .  However negative temperature coefficient

can be achieved by reversing the diode polarity and associated bias circuit.

An important observation in the above circuit is the t ..polnt X 1 is going to va ry

linearly over temperature .

Desired value of the temperature correction at the Inverting mode of A 2 can be
achieved by using a scale down resistor in series with the point X 1.

Results of A 1

AC gain check over tempera ture

Power Supplies +5.998 VDC

-6.OO4VDC - -

Power suppl ies  were cons ta n tl y mon itored and kept constant to simula te bu il t

in regula tors .
Temp Time - Input Output Gain

25 ° C .  9. 15 am 10 my 500 my 50

— 54°C 10.50 am 10 my 500 my 50

75°C 1.30 pm 10 mv 495 mv 49 .5

As can be seen, enough stabilization time was allowed at each temperature for
the unit under test.

DC Off set Check

Test Circuit 
- •c’I,~k’

* i4ol~J, ro’~ b.c . o~fser

FI G. /~ 
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Note: Power supplies were constantly monitored and kept constant to

simulate built in regulators. 45 minutes were allowed per temperature for

stabilization .

Temp

Desired Actual Output DC Offset

—54°C —5~4°C —13.30 my

—25°C —28°C —14.05 my

0°C — 1°C —15.09 my -

25°C 24°C —15.85 my

Unit @ 24°C overnight

25°C 28°C — 1 5 . 4 5  mv

75°C - 75°C — 1 6 . 7 0  my

Observa tion of the above data indicates that:

Output drift from 28°C to 75°C _____________26. 59Mv/°C -

Input dr if t from 28°C to 75°C ____________0.43..L

~

y/°C

Output drift from 28°C to —54°C 26.2 .~v/°C
Input drift from 28°C to —54°C - 0.52

The above results meet design objectives quite satisfactorily.

Resul ts of A2

More than two cycles were repeated at random to check the repea tabili ty.

Each read ing was recorded after about 45 minutes of stabilization time .

TEMPERATURE 
_ _ _ _ _ _ _ _ _ _ _  

OUTPUT DC OFFSET
Des igned Ac tual
25°C 23°C 56 my

— 25°C — 2 7 . 5 ° C  24 my

—50°C —54 .5°C 6.2 my

— 25°C —2 8 ° C 20 . 2 mv - -

+50°C +51 .5°C  77. 2 my

+75°C +75°C 97.5 my

+50°C +47°C - 78.0 my

-2 5°C — 28°C 2 2 . 1  mv
+25°C +30.5°C 56.8 my

_ _ _ _ _ _  - •~~~~~~~~~~~~~~~~~~~~ — —- — - — -• --
~~~--- -—-
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The average dr i f t refered to the input  is about 65 pv/°C and l ineari ty is quite

sat isfactory .

Results of A 3

Actual tempera tures same as for A2
output voltage (my)

1. — 5 . 24

2.  —212 .0

3.  — 3 5 1 . 4

4. —247

5. +114 . 8

6. + 2 1 5 .2

7. — 1 1 1 6 . 3

8. — 2 2 8 . 6

9.  +28 .0

Computed mv/°C for the successive reediegs are:

1. 4 .09

2 . 5 . 1 6

3.  3 . 9 3

4. 4.55-

5. 4 .27

6. Improper circuit operation

4.38

It is obvious fro m the above data tha t there was some malfunction in the circuit.

The experiment was repeated after changing the devices and achieved results
were very satisfactory . Average dr i f t  was 4 .1 mv/°C.

Nex t is was dec ided to cascade A 1 and A2 (Net gain = 500; 54.0 dB) and run the -

comb ina tion over tempera ture . Pur pose was to f ind ou t the value and l ineari ty

-60- 
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of the overall offset d r i f t  so tha t  temperature compensation from the d[ode/74 1

circuit  can be computed . Resul ts  for two complete cycles are given below.

Temper~ture (°C)

Desired Actual Output offset (my)

—50 —55 236

—25 — 29 204

+25 +27 131

+50 +52.5 95

+75 77 .5  64

+50 : 52 .5  95

+25 2 4 . 5  134

—25 —29 210

—50 — 5 5 . 5  242 
-

Computed output drift in my/°C between two successive data points is:

1. 1 .2

2.  1 . 3  -

3. 1.41

4. 1 .24

5. 1 .24

6. 1.39

7. 1 .42

8. 1 .2

Since drift was not very linear and repea table it was decided not to try to

tempera ture compensa te the am pl if ier . it should be pointed out tha t any

tempera ture variation can be echieyed from the temperature compensation
circUit , but it has to be linear. However , since A 1 (X 50 ampl i f ie r  with

high loop ga in and overall feedback) had quite low and linear drif t , it

was decided to cascade two ampl i f i e r s  of this type to get most of the gain . 
- -

Due to the negative swing requ irement , a uni ty  gain  ampl i f ie r  was also

included . This approach was preferred despite of the addi t ional  circuitry

-61-
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as a moderate bu-t linear output offset drift was expected .

Block diagra m is shown below.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4:~:~1 
~~Jr PuT

FIG. 1~
A 3 Is the one differential  pa ir type described earlier . A fixed AC signal

was applied at  the input to find out the AC gain change over temperature .

Results are :

Tem pera ture dC off set AC outpu t
(°c~ (my) 

— 

(my)

—50 82 —230

—25 - 19 —233

0 +6,9 —240

+25 0 —250
+50 0 —245

—50 61 — 245
—25 - - 13. 5 - —250

0 —1 1.6 —241

t 25 — 6.5  —234

+50 0 —228

It is clear from the above data that results are not in line with the design

objectives . On isolating the-.amplifiers and rerunning the exper iemen t, it

was found that A 2 was malfunctioning . All devices were changed In A 2 and

the whole combination was re-ru n over temperature . Output drift  was on
the order of 1.2 mv/°C and was fairly linear.

- 2 -  
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Breadboard of Detector Log Amp lifier

After ach iev ing  sat isfactory resul ts  with high gain linear ampl i f ie r , it

was decided to breadboard a detector log amplif ier .  Tunnel diode detector

was used for s imulat ion purpose. It should be pointed out tha t very

nearly equal D .C. offset dr i f t  will be genera ted by the temperature

compensation circuit described earlier and applied on the non signa l

transistor of the log differential pair. In this way most of the D .C . offset

- dri f t  from the high ga in amplifiers will be rejected as common mode signal

by the di f fe ren t i a l  pair . Block d i a g ram of the approach is shown below .

• _

_ _ _

FIG.
-
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** Standard 741 type circuit for bias

Standard 741 type temperature

Compensation and built in power supply regulators

Unit was aligned at room temperature at 10.0 GIIz and the results are shown

in the attached graph paper.

Temperature Performance

First run of the unit over temperature gave very unsatisfactory results.

Detector1 linear amplifiers were then separated from the logging stages

and rerun over temperature. This change still produced nonlinear arid sig-

nificiant D.C. offs ets.

After this step detector in combination with A1 only was taken over temp-

erature . This block gave very satisfactory results and were similar to

the results achieved earlier on the A1 amplifier in linearity and magnitude

of the DC offset drif t.

Analysis of the various temperature runs indicated that possible problems

were due to the interaction between the amplifiers A1, A3 and detector ,

as both A1 and A3 were simultaneously loading the tunnel diode detector.

Inorder to avoid interaction problems, a new approach was configured. This

would include only putting one amplifier on the detector. The output of

the amplifier (gain = 7) can provide current drive (sourcing as well as

sinking capability) and also offer extremely low AC and DC source imped-

ance . Block diagram of the appro~ch is shown in figure 18.
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SUMMING

Above circuit was breadboard and run over temperature . I should be pointed

out that about 30 minutes stabilization t ime was allowed for each tempera ture .

Results are given below. Table indica ted DC offsets . Tempera ture compensat ion

will be applied to the non signal transistor of the differential pa ir fed from A 2 .
Temperature A 1 A2 A 3 A4

(my) (my) (my) (my)

—53.5 347.4 72 7.24 70

+35 366.2 43.5 7. 27 77 .9

+73 385 -~-9 8. 2 81 . 7

+35 368.3 +40 7.8 77.98

7 3 . 5  386 7 .8 8. 22 81 .9

— 65-
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Unit v;js aligned -at room tempera ture and appropria te tempera ture compensation

t 1i ~~i to the first log stage. Recorded at @ 10.0 GHz for the detector log
a:~p 1if ie r  [S given hu low .

Input Output AC Output DC
RF Ampl itude offset

Power

(d Brn) (my) 
________________________________

—54°C 25°C 75°C — 54°C 25°C 75°C

—41 75 65 65 340 280 290

—40 87 80 78

—35 180 - 200 180

—30 288 3]0 293

—25 410 440 425

—20 555 585 560 -

--15 665 730 720

—10 780 865 870

— 5 920 1030 1050

0 1090 1180 1170

In pu t RF Ou tpu t Peak Va lue
Power (AC amplitude + DC offset)

__________ 
— 54 ° C 25°C 75°C

—41 415 345 355
— 40 427 360 368
—35 520 480 470
—30 628 590 583
—2 5 750 720 715
—20 895 865 850
— 15 1005 1010 1010
—10 1120 1145 1160
— 5 1270 1310 1340

0 1430 1460 1460

Results show.< ± 1 .0 dB error from -30 dBrn toO dBm. Since compensation - -

was not competely right , error from —40 dBm to —30 dBm was about —2 .5 dB .
The main emphasis In the experimen t was to check the concept of applying

the temper ature compensation and therefore the unit  was not re—compensated .

- -
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In order to m-i~:o certain that reconfiguration was a solid and repeatable design , it

was decided to breadboard two Identical  un i t s  as blocked below .

- 

0~TPUT

~ufPJt

F/c;, !? -
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Results achieved ere given h-:Iow:

Temp Uni t  I TJn [t 2

°C A 1 A 2 A 3 A
4 

A 1 A2 A3 A4
my my my my my my my my

—50 —5.2 1.7 4.8 —4.75 —12.7 15.4 29.3

—25 —5.0 6.9  13.0 — 4 . 5 2  — 1 2 . 9  19.8 36 .6

+24 —4.5 15.7 27.2 —4.06 —15.3 29.8 52.3

+70 
- 

—4.1 27 .1  45 .3  —3.6 —14.8 40.8 69.7

—50 — 5 . 3  2 .0  5.0 — 4 . 7 4  — 1 2 . 5  15.4 30

—25 — 5 . 0  6 .6  12.9 — 4 . 5 5  —13.7  19.4 36.3

÷25 —4.5 17.1 29.3 —3.93 —15.0 32.1 56.1

+70 — 4 . 1  27 . 1 4 5.2  — 3 . 6  — 1 4 . 7  40.9 70.0

—50 — 5 . 2  2 .2  5.1 — 4 . 7 4  — 12 .3 15.6 30

—25 — 5 . 0  6.1 11. 3 —4.56 — 13.3  19.2 35.9

+25 —4.5 16.2 27.5 —4.05 —15.4 29.6 52.1

+70 —4.1 27.5 45.3 —3.6 —14.9 41.0 70.0

As I t i~ clear from the abo ve resul ts , that they are quite satisfactory.
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5.0 (~JARftRLY PROG RESS REPORT

- This covers the period ending February 28, 1974, as fol lows .

L_____ 
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1. INTROIIJGT 1ON:

Since the last reporting period the interdigitated design of the

low frequency coup ler was terminated because the design approach

taken did not respond to changes and acted more like an octave

coupler rather than provide performance over the 102% fractional

bandwidth that is required. Therefore, the design has been re-

directed towards a four diode single ended type of detector . For

the high frequency circuit the coupler provides adequate perfor-

mance so that a balanced configuration is being pursued.

In the field of amplifier hybridization of the first portion of the

1~gging amplifier has been screened, f ired , packaged and tested.

The second por tion is ready for screening and firing.

In the area of packaging a new parallel seam sealer ha~ been pur-

chased that will be capable of sealing the dual inline packages that

house the amplifier circuits . 
-

2. LOW FREQUEN~~ DETECTOR:

The current design for the low frequency detector consists of a

single ended design using four beamlead schottky barrier detector

diodes in video series and RF parallel. This type of circuit pro-

vides a higher output voltage because the four diodes are in video

-7 1-
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series and also provides a lower RE diode impedance because

the diodes are in RE para llel. A four diode single ended

detector has been fabricated on a chrome gold metalized ceramic

circuit. Figure 1 is a copy of the artwork with the components

shown in place. Testing is under way to determine its potential .

Some preliminary data tken has shown K values of 2500. More data

is due to be taken to evaluate the potential of this configuration.

One of the difficult design areas that will be closely observed

will be the relationship of input VSWR with power level. Although,

the circuit by biasing may achieve good VSWR at low input power

levels,it is not yet known that it will maintain a good VSWR at the

higher power levels.. For the next reporting period data will be

available on this detector configuration and should show if it will

meet all intended design goals.

3. HIGH FREQUENCY DETECTOR:

The circuit design for the higher frequency consists of a balanced

design util izing an interdigitated 3 dB coupler with the isolated

port terminated in 50.~Land utilizing beamlead Schottky barrier

diodes in video series. This design approach provides a better input

VSWR over the single ended designs because reflections from the diodes

are gbsorbed in the 50 load on the coupler isolated port . The coupler

used is the same coupler described in the previous report except 
-

that the gap width between interdigitated lines is 0.3 mils wide . The

I



— ‘
~~~~~~~

- -—- --  ..~r:~~~—~----— 
—-- 

~ ~-=------ —
~ :-~~~1 ~~~~~~~ ~~~~~~~~~~~~~~~~~~~ U.— —

- SC~tO~3O 
--

S~~~CA~~~~~~~~

S’ 

~~7:~

-

- _ 
- 

- 

- H- [ilill i n
-/ DD H-
/

~~~~~~~~~~~~~~~~~~~~~~~~~~) 

_- LIJ - F - i ~~~—  S/4S - /4’
L~~ /

J—~~ Vz~ E c , o~7

1/

LII Li
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- F

774466’7 
. 

4’é4 �~i,’~~77A~~~ ~~~~~~~~~~~~

H 
I 

-

; 
Z

’ 

0 
~~~

-

~~~~~~~~
‘ c~~~~~’-~’7~

- - 



- -  -- _____________

Page 3/

reason for narrowing the gap spacing is to allow ~or the etch

factor when etch ing this circui t . Nominal gap widths af ter

etch are approximately 0.7 to 0.8 m u .  This coupler provides

adequate performance over the required frequency range .

Two circuits for this frequency were fabricated. Figures 2 and

3 are copies of the artwork with components in place used for

these circuits . The two circuits are almost identical except

that circuit Ii 2 has a series of narrow lines for the purpose of

varying the impedance of the connectin glines and the diodes. The

circuit in Figure 2 has a single 60 ohm line going into the diode

with some tuning pads along the line length to assist in tuning the

circuit. The diodes use an etched bypass capacitor for each diode .

A 2pF beainlead blocking capacitor was required for the purpose of

providing D.C. isolation during bias ing .

Preliminary data has been taken on both circuits . The data show

that both circuits act aLmost identically. The untuned circuit

has a minimum output voltage of 15 millivolts (one frequency only)

and the maximum VSWR with 50 microamps of bias a 1 meg ohm load and

an RF input of -20 dBm is 2.5:1. When looking into a 2K load the

minimum voltage drops to 8 millivolts and the VSWR remains the same.

The output voltage is not smooth since the highest area has over

25 millivolts of output which shows that the circuit needs tuning.

The VSWR is improved to 2 to 1 by increasing the bias to 300 microamps

-74- 
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and the outpu t voltage minimum rc~:iains t he  same but the overall

output smoot hs out significantly. work is in progress to tune the

circuit to achieve its maximum potential . For the next reporting

a tuned circuit technique will be arrived at, and the modifica tion

will be incorporated into a new circuit.

4. AMPLIFIER IIYBRIZATION:

The first layout consisting of the three logging stages and power

supply was redone to fit in a 0.5 x 1.00 x 0.025 inch substrate.

This circuit has been screened and fired and fabricated . The chip

transistor arrays were silver epoxied to the substrates and the

wire connection were made by ul trasonic bonding machine using 1 mu

- diameter aluminum wire. A total of over 100 bonds were made on this

single substrate. Figure 4 shows the top assembly configuration of

this circuit. The substrate was packaged in a 24 pin dual in-line

package with the appropriate circuit input and output carried through

designated p ins in the package. Testing -of this circuit will be re-

ported in the amplifier portion of this report .

I
The second circuit, a video amplifier , has been reduced to artwork

form and transferred to screens hut this circuit has not yet been

screened and fired on a ceramic substrate. Figure 5 is a Top Assembly

view of the second circu it . 
- -
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5. TIiCl LNIO ~JES:

I)uriiig th i~; rcpurting p~-riod progress has been made in the area

of th in f ilm and t1~ 1c1: film and thick film processes. Specifi-

cal ly in the thin fi processes the etching times have been

reduced by changing the etchants and also the viscosity of the photo

resist. By increasing t h e  viscosity of the photo resist the cir-

cuit configuration breakdowns have been reduced. The chr o~~ etch has

been changed to a potassium ferricynaide solution and th~ gold etch

is now a co~r~ercial type (C-35) made by Fi lm ~icroelcctronics

Incorporated and is used at an elevated temperature. The exposure

and developing time has been also changed to compensate the change

in photo resist viscosity . This faster rate of etching eleminates

some of the undercutting of the gold or chrome in the circuits. The

etching is now mor~ consistent and the etch factor has been reduced

to approximately 0.3 mils .

In this thick fi lm area better mask control has been achieved by pro- - 
-

viding a more precise method of mask aligning . This provides a

method for step and repeating processes i .e . ,  different  resistor

inks without misali gnment of the resistor patterns. This provides a

faster method of printing of high density circuits such as these.

Additionally , the rc-~; isto r abrasive tri rru ~er has been improved to

make a smoother working machine and also providing the operator a

more positive c - : i t r i . This w ill p i o~- i k- a capability for trimmii~g

c r:lIi ts with hign den ; ity resis tar patterns .
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Some coih is being done using precoated screens, that is buying

a screen tliat has an e~aulsion thickness of known value . - The

emulsion thickness is very iniprotan t in printing good circuits

since the thickness of the resistor ink determines the value

of the resistor . By purchasing screens with uniform emulsion

thickness, operator error i.n making screens is substantially re-

duced. For the next reporting period Aertech’s goal is to have

a much quicker and easier method for producing thick film circuits.
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