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~—Matstup (P rinted) antenna and solid state high power generation and 4mb th.lng .
During thi s reporting period - June 1977 to December 1977 - low loss~~omb lning
techniques coupled with efficient amplifier design attained ~.9 watts ~ 4. 7 Ghz 

a
with a 1 db bandwidth covering 4 .4 0hz to 5.0 0hz.

Computer program.s were generated and validated to aid in the design of the antenna
dipol e excitation pattern required to achieve the 30 dbi gain and 13 db sidelobes.
These programs also provided the capability to analyze antenna perf~ m acce de-
gradation vs. amplitude and phase errors introduced as a resul t of fab rication and
P F excitation .

During the next repo rting period , a 38 inch by 38 inch antenn a array employing an
- 

- amplitude taper wi!.] be fabricated and tested. Assembly and test of the basic power
modules will be in p rogress and the IP.~ amplifie r chain will be complete.
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IN TRODCC TIC’N

This semi-annual report describes the Phased Ar ray  Antenna Amp l i f i e r

Program aw arded unde r ECOM Contract  4DAAl~- -7?- C-Ol4ii . Included

In thi s document are system configuration , key tradeoff analys is , and data

suppo rting 100 watt system design .

Technical improvements which offer near term solutions to specific

limitations of this 100 watt  system will be specified herein and addressed

in the Final Repo rt : C LIN 0002 , A003 .

The Phased Array Antenna Amplifier Exploratory Development Model

~l00 Watts) contract requires the description of the engineerin g analy sis ,

design and const ruction techniques to fabricate a scale model for a

mechanically stee rable phased array antenn a amplifier for  tro poscatter

communication system applications. The ulnmate goal of thi s analy st s

is to dete rmine the technical capabilities, l imitat i ons , constraints and

cost feasibility for a I kw sy stem.

Successfu l implementation of this program requires analysis  and design

in two “state of the art ” technical areas. The two areas are:

• Matstrip antenna

• “C” band (4. 4-~ GHZ~ solid state high power generation

The design approach for this 100 \V scale model is shown in Figure 1.

The system consists of a control cabinet housin g the low level solid

state interm ediate power amplifie r j PA’~ and required sy stem power supplies.

Remotel y located from the control cabinet is the DUPLEX antenna array .

Thi s unit houses the twelve hi gh level amp lifie rs, receive antenna and t ransmit

• antenna. The operat ing frequency for this system is continuou s coverage of

the 4. 4 to 5. 0 0Hz band. No remote tuning is employed.

• The design of the t r ansmit  portion of this sy s tem provides highly desirable

system characteristics. The transmit chain employes 14 identical ampl i f i er s

(basic power modules RPM ),  two in the oont rot cabinet IPA , l.~ at the antenn a .

‘I
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The 12 feed p o in t s  on the t t a n s  mi t  .mt onna ar ra~ 1eae h .lntt ’ una i ’ast ~ ~~~~ ~ i.

module i l l u m i n a t i n g  a t’ t’ st r ic tod  .1 t e a  .i~ ~ov. s or  a g r ace fu l  dog rada ton

of t r ansmi t t e r  performan ce ‘. orsu~ to po~ t r u~odult ’ t . t t lu res  .

several modules may t a i l  p r io r  to a loss ot 3 3 l~ i n ot t t ’ct ive r ad iat ed

power ~ERP ) or st’~ crc t r an s m it  antenna pa t t e r n  degradat ion .

The modulari~ at ion  t i n t er ch angeab i l i t y l  of l~asic power module prov ides

icr lc~ o r costs and simpl er  maint enan ce c¼ 51¼ r :it:cns . l’~\e sy st e m

o~~ rates from low y c l t a~ t’ power supplies ,  t hu s th e ha :a :‘ds ci high cit  age

generation and distr ibution art ’ e l iminat ed.

The 100 \V scale model system wil l  prov ide  fu l l  duplex ~~~~~~~~~~~~~~~~~~~ with an

ARM\ AN GRC 143 radio set. Thus thi s sy s t em w i l l  cpet’att ’ t i -cm th e

100 mw nominal  AN GRC — 143 r.itis mu ter outpu t and provide .t ~ .i vegu id t ’

inte pace for the AN ,  ~ RC - 143 recei \  or .  4

OBJECT~VFS

The obj ective of this t’xp lora tor ~ development scale model ~s to demonstrate

the Cost and technical feasibili t ’~ ot a 1Non —elect rome scanning~ phased ar r ay

tran smit .’receive an t enn a ampl if ie r .  This sv stein i s to emp loy solid s ta t e

devices and highly eff ic ient  low vol t ag e  power generation to inc rease the

re l iabil i ty of tactical ropo scatte t. eon imu:u ica t tons  by a gradual reduction in

ERP as indi vidual ampl i f ier  modules t a i l  as opposed to catastrophic commu —

nicithons outage. The primary goal of this p r ogram is to genera te intormation

and tradeoff analyses culminating in a desigu concept for a low cost , reliable.

high power (I kw) solid state phased .tr r~t antenna ampl if ier s~ stein for

tactical deployment. l’he final report for  thi s program will contain a design

plan for a I kw model along with a detailed cost comparison for  1 ~ and 100

units vs. the cost for compar ihie c~u a n t u t u e s  of the pr e sent l y  use Kly str on

Ampl i f ie r  and 10 feet parobol ic dish ant enna.

DELI\ E RAB1~~~

The deliverable s and ~k l iv erv  schedu le is:

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  
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CLI N CDRL Delive ry
Description Qtv . No. No. Schedule

100W solid state Phased Arra y
Antenna Amplifier 1 0001 450 days

Data

Data — Exhibit A , Category 5 1 lot 0002

Tech. Report (monthly) A00l Monthl y

Tech. Report (sem i-
annually) A 002 240 days

Tech. Report (fin al) 1 kw system A003 510 days

Engineering Evaluation —

Report - A004 360 days - 
- 

-

Data — Exhibit B, Category E 1 lot 0003

Design Plan BOOl 190 days
-
~~~~

Data — Exhibit C , Category T 1 lot 0004

Engineering Design Test
Plan COOl 360 days

SCH E DULE

The schedule for this program is consistent with the deliverables of

Section 1. 2 and is shown in Figure 2.

PROGRAM STATUS

Analyses , computer aided design (CAD) and breadboard testing in —

critical a reas are in progress. The information resulting from

these tasks has provided the inputs for the lOO\V system Design Plan.

The following list summarizes work accomplished and investigations

in progress:



-

~~~~~~

..A1M~ ~~ A~4 O.T .~~ ~~~ API ~~~~~ 

- 

~xr .-‘e~
Il ~~1 L ! ’ ’  .~~~~ ~ ‘..:~ ~~~~~~ *~~ V I ~.. I ‘V i/ I_______________________________ — ~ ~ 

—- -_______

uO-,-41Hs ~‘O 2 4 • I • I

~~~ 
SCAU MOci l ~CIUD T T & T ~ A N t / A M P

SOUO StAll  ~~‘~ ll ~~~‘eu~ c. —

~~

- —

- MMDAOAI D —

pA~~ KA ~ IOP4 -
~~~~

- 
.t.

AN T1P4NA & &UA’V -

OtSIGN - 

—1- ~~~
IU.A DAOTD 

- 

- 
1_ __1__

- 
;A.11 A1 ON
ASSIM$&’I - 4 

t 
-
~~~

T~ T 
- 

_ _

pl~~~lOtiCNS 
_ _ _ _ _ _

NOCL*IMINT - —

~~~

-

,

P 4T10*At ION a TIST .
~~~~

ANG*C-~43 (GOV & FL*NISMID ~~~UIfl

fl’ST IN INt . & u s ?  w iTh A r.. /~~&C .IA ~ 
-

~luvu sc~u ‘.~ccu. A
GOVT. IVALUATION

MoNmwu,ci~s I A A A I A I A A 4 A A
PtSIQN t.AN A A

t*AFT A PV~. FeP4A L

SIMS-ANNUAL II ~~~~T A A
AP’I?L INA L Afl A P ~~~i. ’ I NA t.

TIST PtA N A r A  I
IVALUAflON lt~~~I T - f*AFT LPF ~A F I N A L

flNAL IIPC-IT 4 4
~tAfl &PFy %. ~~r-.& ~

_ _ _ _ _ _ _ _ _ _ _ _  — 1 1 Li
( 

_ _ _  _ _ _  

FI uRE  ~~~~

— — — 0

— 
-  

5’
- - - t- — ——-— 

~~~~~~~~~~~ - - — - - - - -- - - -



— -~~~~~~~~~~~~~~
-
~~~~~~~~~~~ ---- ~~~

-- - - --~~~~~~~~~~~ -—--—~~~ ~~~~— -

A. System

• system block diagram complete

• system budgets established

• thermal an alysis complete

• . system MTBF complete

• RF /DC inter loeL requi rements identified

• 3 dB ERP deg radation analysis complete

B. Amplif ier

• combined two drive r stages (p - - u  BPM) (Pa 2. 9W ~t 
- -

22% efficiency)

• comb ined two fin al stages (p/u BPM’~ (P~ 8. 9W I~
efficiency)

• P. S. requirements defined

• Alumina vs. Epsilam-lO substrate evaluation complete;
Alumin a selected

• BPM parts selected

• BPM thermal analysis complete

. BPM heat sin k selected

• • BPM layou t complete

• [PA layout complete

• BPM chassis machined

C. Antenna — Tran smit , Receive

• compute r simulation p rograms complete , tested

• six antenna ampli tude distribution design s anal yzed

• final array layout chosen

• balun design complete

• fabrication/assembl y tolerance In progress

• single vs. dual laminate tr adeoff complete; dual l amina te
selected

• second h armonic ~~sporse analysis complete



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

• • ante nn a layout in prog ress

• thermal analysis complete
— - 

• solar shield design compl&-te

• honeycomb material , radome material surveyed

• wind and ice load analysis  complete (100W)

• matstri p material cht -’scn character ized

• antenna weight analysis complete

• sub-array testing in progress

• one—piece vs. sectionalized construction ; one-piece
constru ction chosen

• D. Control Cabinet

• P. S. requirements define d

• P. S. vendo r survey comp lete

• BITE circuitry details defined and breadboa rd complete

• control cabinet layout complete

• control cabinet weight analysis complete

• control cabinet thermal analysis complete

• P. S. cables require ments complete
• 

• BITE circuitry board configu ration defined

FINAL REPORT

A requlrement of this program is to apply the scal e model analvsis ’dat a

of the Evaluation Report towards a Fin al Report. This Final Report will

determine the design/costing concepts of a 1 kw system with rega rd to

current technological limitations and alternatives.

Thi s report will provide cost correlation analysis comparing a 1 k~ ’

solid state phased array system to current field deployed powe r

amplifier. ‘antenna systems.

I

7
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SYSTEM DESCRIPTION

The Phased Array Antenna Amplifier system consists of a transmitter amplifier
matrix and antenna array, and a receiver antenna array which operates over

the full 4.4 - 5.0 GHz frequency range. The block diagram of the system is

shown in Figure 3.

The transmitter matrix consists of an [PA amplifier mounted in the control
cabinet which provide s the I~F drive for 12 parallel amplifiers (basic power
modules) mounted directly in back of the antenna array. These 12 BPM’s
provide a nominal 9 watts each to achieve 100 watt output power which is
spatially added by the transmit array. An Antenna Array gain at 30 db ~
provides the +80 dBm effective radiated power

The [PA is further broken down into a driver amplifi er which drives two

parallel BPM amplifier. Thu s, the transmitter amplifi er matrix consists of
14 basic power modules (12 mounted on the antenna and two in the [PA) and
a single driver amplifier. This repeated use of a single amplifier design
was incorporated into the system for both low cost and ease of maintenance

considerations.

The RF input to the system is a minimum 100 mw in the 4.4 - 5.0 GHz band
provided by the AI’~l/GRC-143 radio set. An isolator is provided on the input
to the [PA driver to meet the system input VSWR spec of 1. 5:1. The [PA
driver output is split by a 3 dB quadrature hybrid into the two signals required

to drive the two IPA BPM’s. The output power of the two BPM ’s is detected
and the combined detector voltage is used to drive a front panel meter. This
meter indication is used to adjust , via the front panel , the gain of the IPA

driver. Th is assures that the proper RF level is obtained from the [PA to
drive the 12 antenna BPM 1 s. A tunable four pole bandbass filte r follows the
[PA and is provided to minimize the noise contribution to the AN/GRC- 143
receiver from the [PA and AN/GRC- 143 transmitter. Isolators with high
power loads are included in the BPM to protect the outpu t transistors from
power reflecte d from the bandpass filter when the transmit frequency and
filter are not tuned to the same frequency .

a

8
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The RF equipment discussed so far is mounted in a control cabinet , togethe r

with power supplies and BITE circuitry. A 25-foot coax cable is provided to

take the RF output from the BPF up to the antenna amplifier s.  An isolator is

provided at the input to the antenn a amplifier  matrix to provide a good te z-mthat-

ing impedance for the 25-foot cable and thus assure a good VSWR at the band-

pass filter. A 12-way power divider then splits the power Into 12 equal
amplitude , equal phase signals . Each BPM has a nominal 11 dB gain over the

fu ll band. An RF detector in the output of each BPM is used to drive the BITE

ci rcuitry and provide an indication of the amplifier status. A low pass filter

with a cut-off frequency of 5. 15 0Hz and a minimum of 50 dB attenuation at

f requencies greater than 8.8 0Hz follows each BPM to attenuate 2nd harmonics

f rom the BPM final stage transistor pair.

The antenna consists of orthogonal transmit and receive arrays , each with its

own ground plane (Figure 4). Each array design is identical in terms of the

nu mbe r of dipoles and amplitude taper. The transmit  array has 12 feeds , one for

each of the 12 BPM ’s. The minimum gain of the transmit antenna is 31. 05 dB @ 
I 

-

- - 4.4 GHz (31.59 dB @ 4.7  0Hz and 32. 13 @ 5.0 0Hz) resultin g in a minimum ERP

of +80. 65 dBm (81.2 dBm @ 4 . 7  0Hz and 81.7 dBm © 5.0 GHz). The sidelobe

amplitude of the array is -18 dB. The receive array has a slightly lower gain

due to the fact that this array is positioned behind the transmit array and has a

more complex feed arrangement. Some of the receive power combining is

pe rformed in the array , resulting in four outputs , which a re then combined by

a four way hybrid su mme r resulting in one output for the AN/GRC- 143 receiver.

The system is powered from two +26 VDC power supplies located in the control

cabinet. The first power supply has a 30 amp capability and is used to power

the 12 BPM ’s located behind the antenna array. A DC power distribution cable

carries the 25 amps required up to a DC distribution box. Remote sensing of

the DC voltage at the distribution box assures a constant operating voltage for the

BPM ’s. A second power supply with a 7 amp capability powers the BITE circuitry

• and the [PA . The BITE circuitry monitors the status of impo rtant system elements

and provides system shutdown in the event of power supply over or under voltage.

I
I

‘I
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• Eac h BPM has an RF  detector. If any transistor fails in a BPM , a red LED will 
r

light, indicating the failure . If four of the 12 antenna BPM’ s fa il , a system
• failure LED will light , indicating that the system EBP has dropped by greater

than 3 dB. When the system ON—MAINT switch is placed in the maintenance

• position , this mode “latches” the status of the BPM to give continuous status

indication. In thi s mode , repair or examination may be performed at the antenna

The following pages compare the required system pe rformance vs. the 
•

expected performance , denoting limiting elements. •

SYSTEM CHARACTERI STICS

The followin g paragraphs discuss system characteristics resulting in the

expected performance summary table.(Sl~eeT.l 1 3 - I S )

siz~
The antenna array consists of three , 38” X 38” lam inates. Thi s equates to a

10.0 sq. ft. antenna aperature. An additional . 5 inch border will be required

for mounting to the outer frame resulting In a total area of 10. 56 square ft.

• Projecting to the 1 kw array, tkis antenna design is consistent with the 100 sq.

ft. requ.iretnent since only nine of these 10 sq. ft. sections will be required. 
—

TEMPERATURE INDEPENDENT OPERATIO N

The 100 watt Phased Array Antenna Amplifier shall be designed to meet all

specifications at temperatures from -65°1’ to +125°F wIth solar loading of 360

BTU/ft. 2/Hr. Equipment built by ITTDCI) for military deployment is tested for

this environment. Wind and Ice loading analysis of the antenn a array has been

performed and Indicates compliant performance under 50 mph wind and 0. 5 inch

Ice loading.

I

/2
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W E I G H T

The weight of the antenna s tmcture  is estimated to be 136 lbs. Compon ent

weights have been reduced whereve r possible con sistent with othe r electr ical

or mechanical requirements. Thermal analysis was performed on the BPM

to compute transisto r junction tempe ratures as a function of heat sink weight

~and thermal resistance~ be fo re selecting the present heat sink . The weight

oi the contro l cabinet is 152 lbs.

STRUCTURAL INTE R FAC E

The phased array antenna will include the necessary hardware to moun t the

antenna on an AB-~il6 tower.

INP UT OUT PUT CONNE CTORS

The input connector to the phased a r ray  antenna amplifier system is a coaxial

Type N connector mounted on the top of the contro l cabinet. The output of the

system is \V R— 187 waveguide with a UG t 149 Im age which can he connected

directly to the AN GBC—1 43 receiver.

COOLING

Cooling of the mast mounted antenna array will he 1w means of convection.

Therm al analysis for the control cabinet indicates that  a fan will be required

to cool the IPA.

MECHA NICA L POSITIONI NG

A mechanical positioner will be part  of the phased ar r ay  antenna ampllf ier  sYstem

and will fully saUs~~ the requirement s of the specification.

I______ 
_ _  _ _ _ _  _____________ _ . - -
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ANTENNA GAIN/ BEAM WI DT H 
-

The minimum transmit and receive antenna gains are calculated to be 31. 05 dB

and 30. 22 dB respectively. The contributing factors are listed below.

Antenna G ain Tx: dB Rx: dB

Directivity (4.4 G Hz) : including taper (CAD) +33. 5 dBi +33. 5 dBi

Pha sed and amplitude erro r loss (estimated) -0.77 —0 .54

Polarization loss (30 dB isolation) - 
-0.01 —0.01

Ape rtu re oiler dielectric mate rial loss —0.22 —0.36

Corporate feed loss: matstrip (meas. ) —0. 77 -1.09

Balun loss -0.50 -0.50

Input V S\VR loss (1.5:1 VSW R spec. limit) —0.18 —0 . iS

- 
Combine r loss: external to matstrip —0.40

Cable loss: external to matst rip —0.20

Net gain di rectivity - losses +31. 05 dBi +30 .22 dBi
- V

These net antenna gains pertain to 4.4 GHz where the th rectivity is 33. 5 dBi.

At 4 .7 GHz and 5.0 GHz the antenna performance is as listed below:

• 4.4 GHz 4.7 GHz 5.0 GHz

Directlvity 33. 5 dBl 34.04 dBl 34. 58 dBi

Tx net gain 31.05 dBl 31. 59 dBL 32. 13 dBi

Rx net gain - 30. 22 dBi 30. 76 ~~ i 31. 30 dBi

The half power beamwidth for the antenna array is computed to be 4. 4°

— maximum at 4. 7 GHz . At 4.4 GHz and 5.0 GHz the beainwidth is computed
0 0to be a maximum of 4. ~ and 4. 2 respectively.

DUPLEX OPERATION

To assure that use of the phased array antenna amplifier results in no BEE —

deg radation of the AN/GRC-143 receiver , the noise powe r contributions of

the transmitter must be calculated for frequencies as close as 100 MHz to

- - 

•

- - - 
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the receive frequency . The mechanism ot th is  o:—& ’ c o n t r i t ’u t i o n  is through

coup lin g between the t ransmit  and receive a n t o n n a  a r r ay s .

There are three sources of noise power con t r ibu t i ons  which must be

investigated ; the AN GRC- 143 t ransmit ter , the IPA , and the antenna

matrix BPM ’s . To reduce the contribution of the f i r s t  two sources, a four -

pole bandpass filter with 40 dB rejection at ± 100 MHz has been incorporated

i nto the system following the IPA . Thi s reduces the noise power of these t\v o

sources by 40 dB. Thus, the major contributo r of noise power is the antenn a

matri x BPM ’ s . The oni reduction in thi s noise power is f rom the t ransmi t  to

receive array isol a~ on.

Noise figu re degradation versus antenna isolation as a funct ion of bandpass

filte r rejection and RPM gain is shown in Figure 5. For the antenna isolation of

35 dB, the noise fi gure degradation is less than 0. 2 dB for RPM noise figures

up to 15 dB. The calculated receiver antenna gain is 30. 2 dR m m .  Therefore ,

to assure no receiver BER degradation with 30 dB antenna isolation , the maximum

allowable BPM noise figure is 12 dB.

Noise power out of the BPM at 4. 6 Ghz was measured while drivin g the amplifier

at 4 .7  Ghz . The noise power was measured to be -137 dBm Hz. Assuming 30 d.B

isolation between the Transmit and Receive antenn a , this results in a noise power 
-
~~~

of —167 dBm/Hz at the receiver input. For a 5. 5 dB noise figure receiver,  thi s

additional noise power would correspond to approximately a 3 .S dB noise fi gure

degradation.

Noise power data had been previously taken on individual stages. It was found that

one device of four (MRA272 )  had approximately 10 dB more noise power outpu t than

the othe r devices , particularly under low drive conditions (-0. 5 dTh. Upon exam-

ination , it was found that this transistor was in the RPM and was situated on the

higher loss leg of the Lange coupler. Therefore , this transistor was a large con-

tribution to the BPM total noise powe r output. Depending upo n how the next lot of

transistors perform , the remaining BPM ’s could have lower noise power outputs

and result in less receiver degradation.

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -• —~~—
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ANTENNA PO LARIZATION

The t ransmit signal polarization will he 90 ~ 1
0 

f rom the receive st ~mal  po 1ari .~at io n

with the transmit signal polarization at +4~~ and the receiv e signal po lat -iz at ion at

S~~E LOBES

The computed sidelobe amplitude for the antenna array is less than -20dB for

a ll azimuth angles. Figure 6 shows the computed pattern at phi = 0
0 

fo r the

case of 12 equal phase excitations.

ANT ENNA VSWR

The calcu lated ante nna VSWR is 1.45:1. The contributions are listed as:

Balun 1.10:1

Power divider ( 1.05:1), 1.10:1
cascaded (RMS)

Dipole — divider (2 x 2 array 1. 20: 1
with divide r)

Total worst case 1.45:1

AMPLIFIE R MATRIX

The amplifier matrix total powe r output is 91. 2 watts (49. 6 dflm) which is

0.4 dB down from the 100 watt objective . Thi s number is based upon 12 basic

power modules each delivering 7 .6 watt to the t ransmitter a r ray  inputs. It

shou ld be noted that the effects of the an tenn a VSWR of 1.5:1 have been included

In the antenn a gain calculations.

The DC-RF efficiency for the amplifier nt it r ix is 11.S’T assuming 22’~ collect or
efficiency for the bipola r transistors. Any fur ther  improvements  in system

efficiency will have to come fro m tmproved t ransis tor  performance. To obtain

the system efficiency goal of 15% in the prescnt system configuration, the transistor

collector ef f i c i e n c y  required Is 2S’~. To obtain system efficiency of ~~~ the

required transisto r collectors ’ efficiency is 38%.
Improvements In transistor gain also improve system eff iciency since it reduces

output power of the driver stages. Furthermore, if the total gain of a MRA 272 ,

MRA 271 chain was Increased 3 d.B, only one RPM would be required in the IPA.

Thi s change would increase the system effic iency to 13. 6~ - oven wi th  the 22~ •

collector efficiency. Improvements In both transistor gai n and eff ic iency tog ether

-~~~~ - - -~~ 
_j J
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begin to look promising. For example , with the highe r gain transistors operating

at 25% collector efficiency, the resulting system efficiency is 15. 5cT . A collector

effi ciency of 32% would provide a system efficiency of 2O~~. These results are

summarized:

— COLLECTOR TOTAL GAIN OF SYSTEM
EFF MRA 271 & 1~~~A 272 (dB) EFF

22% 12.1 11.8% *

22% 15.1 13.6%

28% 12- 1 15%

38% 12.1 20%

25% 15.1 15.5%

32% 15.1 20%

12 dB gain assumed current system configuration

15 dB gain assumes single IPA BPM conf iguration

* Present projected 100W Model performance

AMPLIFIER MATR(~~ VSWR

The input VSWR spec of 1. 5:1 max. will be met by providing an isolator at the

input to IPA . This assures that if the IPA inpu t impedance varies as a function of

the RF gain control , the input VSWR will be less than 1.5:1.
- p.

SPURIOUS RADIATION

The major spurious signal which must be addressed is the 2nd harmoni c generated

in the TRW P~~A 271 tra nsistor. The level of this spurious from a combined pair

of these transistors has been measured at ITTDCD to be -28 dBc . This would

correspond to the spruious level at the output of the BPM. This signal must be

attenuated by at least 52 dB to meet the -80 dBc specification.

Following the BPM is an isolator , a low pass filte r and the antenna. Both the

isolator and low pass filter have been measured at the 2nd harmoni c frequency.

The isolator provide s as little as 2. 5 dB of loss while the low pass filter provides

a minimum of 50 dB attenuation at 8.8 GHz. In addition, the gain of the transmit

antenn a has been computed at 2nd harmonic frequencies and can be within 3 dB of the

• gai n at 4 .4  - 5 GHz . The resultant 2nd harmonic transmitted level is therefore:

P2 = -28 dBc -2.5 dB -50 dB -3 dB
I

• = -83 .5d~Bc 
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PABA SITLC OSCILLATIONS

There will be no parasitic oscillations in any of the amp lifi ers.

SYSTEM MTBF

A 100 W scale model sy stem has a computed MTBF of 3473 hours , assuming MIL
qualified devices . This

num ber Is  based upon cu rrent bipol a r t ransistor perfo rm ance (9. , efficiency)

and the following assumptions:

• Bipolar device efficiency of 22% .

• Bipolar device thermal resistance Insed upon best available data

which wlfl be updated.

• A single transistor failure in a BPM constitutes a failure of that BPM

(versus a partial failure mode - loss of one output stage.)

• Worst case analysis of system 3 dB EflP degradation versus BPM

f a ilure (without consideration of BPM position withi n the a r ray

(statistical)

p. The analysis indicates that the limiting element is the transisto rs junction

temperature. These the rmal calculations are based upon presently available

thermal Information/measured bipolar efficienc y data and will be updated as

new information of transistor thermal resistance Is received.

The DC-B F efficienc y used in the calculations is 22% and historically, improve-

ments can be expected. If the efficiency increases to 26%, 4 , 000 hour system

MTBF Is obtainable.

The defin ition of a system failure Is a 3 dB d rop in antenna amplifie r EBP .

The nun’ber of antenna ma t rix basic powe r module failures that result in a 3 dB

drop in ERP has been determined. To do thi s, both the loss of powe r and the loss

of antenn a gain due to loss of dipoles and bea m squinting must be computed. The

first component Is straightforward and is given by:

r no. of faIlures 1P — iO lOg - 
12 1 

a
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• To compute the l”Q 5 of ante nna gain , a co mpute r prog ra m was wri t ten to

calculate the dip~.~ie element pattern by direct integration of the sinusoidal

current along the dipole length. A vectorial summation of all array elements

is performed at any fai r field point providing a non-approximate analysis for

any shape array, and grid or error pattern. The bore sight gain is computed

including loss of gain due to beam squinting.

The loss of antenna gain due to BPM failures was analyzed and the results

are shown in Figure7 for up to four total failures. The gains listed are the

computed directivity at 4. 7 GHz and do not include losses. Included is a

drawing of the antenn a array with the dist ribution of the 12 BPM ’ s. The total

loss in EBP is also shown and is a maximum of 3.06 dB for any three BPM

failures.

I t  was found that the loss of antenna gain due to beam squinting was a negligible

component of the total loss of gain. As a resul t , the loss in gain due to the

failure of BPM’ s 5, 9, and 10 for example , is equal to the loss of gain due to

the failure of BPM ’s 6 , 9, and 12. Because of thi s , the antenna array can be

• broken down into four inner (A’~ and eight outer (B) BPM’ s. The loss in ERP

has been listed ve rsus the number of failu res of these A and B mockiles. Thus
• the system MTBF calculations are based upon four BPM failures.

BANDWIDTH

AU the BPM ’ s are designed to exploit the ultimate bandwidth capab ilities of the

TRW MBA 271 and 272 transIstors. Because the devices are internally matched

to 50 ..n. Input and output Impedance , only minimal external matching is requi red.

Tests on samples of the TRW devices have shown that they Instan t aneously cover

the 4.4 to 5. 0 GH z frequency band. Thus , no retuning will be required for the

system to operate over the entire passband.

SYSTEM DEGRADATION ALARMS

The front panel of the control cabinet Includes the following controls and status

• di splays.

24
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• 
• Controls: System ON-MAINT switch

BF drive contml
• Bandpass filter

- - 
Lamp test switch

Circ u it breaker/reset

Status: Powe r supply 1 and 2 over under voltage

IP.A 8PM output

Input RF drive

BITE clock

System failur e

Meter reading of total RF output or tota l LPA output

switch selectabl e

Norm ally off LED for eac h antenn a BPM

Powe r supply 1 and 2 on

FAILUR E INDI CATOR

The failure of any of the 12 antenna BPM ’ s will cause a red LED on the front

panel corresponding to that BPM to light. The BITE circuitry ~vill be ad)usted

such that failure of any of the four transistors in the BPM will cause the LED

to turn on.

PRIME POWER

Supply voltage required for the phased array antenna amplifier system is

115/230 volt ± 10~ (RM S), 50—60 Hz single phase. Total DC input powe r is

estimated from the subsystem contribution s to be 798 watts.

Assuming a power supply efficiency of ~0~- and a power factor ~lag~ of 95~ - ( 1. 053~:

AC power 1. 25 X 1.053 X 798 VA

• = 1050.4 VA
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The blower in the control cabinet requires 158 VA.

• Total AC power = 1050.4 + (115V X 1.25 X l .  1A)

= 1208.4 VA
• As efficiency of bipolar devices improves , the prime power requirements are

reduced. For example, when device efficiency increases to 28% within the

present system configuration, DC-RF system efficiency increases to 15% and

total system prime power (including IPA blower) decreases to less than 1, 000

watts. •

ANTENNA MECHANICAL DESIGN

The antenna consists of three Teflon impregnated fiberglass printed circuit

boards (transmit, polarizer, receive) structurally supported by a 0. 50 inch

thick aluminum honeycomb ground plane (Figure 8). Critical dimensional spacing

and structural integrity between boards are maintained by accurately machined

dielectri c material spacers and low los s foam or honeycomb fille r bonded to the

boards . The deliverable 100 watt model could be disassembled for experimental

work whereas final field units (1 kw system) would be bonded for added strength.

This composite laminate is enclosed by a support frame to which the positioner is

• integrated. Twelve basic power modules (BPM) including heat sinks are mounted

to the rigid rear ground plane as are transmit power splitters, receive combiner

and coax/waveguid transition , BITE board and DC distribution block as shown in

Figure 9. Behind the basic power modules is a solar shield. The pi.~ pose of this

element is to minimize BPM thermal rise due to solar radiation. A rain deviator

Is provided to minimize water entry onto the basic power module matrix.

CONTRO L CABTh~ET

The control cabinet shown in Figure 10 is housed in a shelter. The following

components are mounted internally:

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~A
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• Prime power supply

• Au .x ihiary power supply

• Two basic power modules (with heat sinks~
• IPA driver module (with heat sin k

• Combiner

• Control panel

• BITE circuitry

• Blower

• Ban dpass filter

Acces sibility to components is accomplished by mean s of removable panels on
both side s and rear as well as a removable ~-3 - 4  high front blank panel.

The control cab inet weight is 152 lbs.

BITE SYSTEM

The BiTE s stem consists of RF detection cir cuit r  in each bask’ po~ er
• module. Thi s circuitry detects the status of each BPM and transmits the

information to the control cabinet front panel, A dditionally, the
system status indicator detects status of all antenn a B PM ’ s and displays a
failure when fou r or more BPM ’s fail.

The BITE circuitry employs a multiplexing scheme for transmittal of data from
the antenna to the contro l cabinet. This significantly reduces the quantity and
weight of the interconnecting cables and is very advantageou s for the 1 kw

system.

The BITE circuitry is designed for ‘fail safe” operation. If any cable , connector,
or voltage is interrupted , the a stern revert s to the failu re mode.

The powe r cable required to provide DC powe r to the anten n a B PM ’s originate s
in the control cabinet. The weight , volta ge d rop and flexibility of this cable are

a prime consideration to reduce system costs and Inc rease system efficiency and —

maintenance. -\ study was made on wire voltag e drop s bused on :~ 30-foot run
usin g variou s wire sizes tc handle a total requi rement of 30 amperes with a

-_ 
___________________________________________________________
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two-way line drop of . 5V. Addition ally , t he line drop for a 50°C ambient

was calcu lat ed to note what impact the ambient would have.

A second anal ysi s was made on wire weight based on a 30-foot run usin g the

san te wire sizes used in determining li ne drops.

The conclusions gained fro m the above analysis and tradeo ff s show that a

cable usinç a tota l of 12 no. S A\V G wires, (6 to and 6 from the load~ woul d

provid.~ a line drop of less than 0. 2 volts , a weight which is 40~ lower than

the next reasonable size and number of wi res, and would p rovide reasonable

üexibilitv for the cable. A standard military connector is available to handle

the size and number of no. S AWG wires.

AMP LIflERS

Twelve identical amplifie rs are used to de rive the required 100 watt s of power —

output at the antenna. Each basic powe r module ~BPM~ consists of two hyb rid

added powe r stage s driven by another pair of hybrid added low level stages.

Integral with each BPM is a low loss output isolator to protect the output stages

f rom accidental mismatch con ditions. Following the isolator is a tubular low

• pass filter designed to reject the second harmonic of the 4. 4 to 5.0 GHz input

signal. TRW MEA -271 type bipolar transistors are used as the power output

stages. They consist of five parallel-combined chips with internal input and

output impedance matching . The driver for these stages is a TRW MBA -~ 72 •

This is a single chip version of the MBA-27 1.

In orde r to p roperly drive each of the 12 antenna matr ix BPM ’ s to its fuU output

power , an IPA module consisting of a driver and two hybrid combined RPM’ s

is used. The BPM ’s are identical to those at the antenn a , thus a total of 14

- BPM ’s are used in this system.

• The IPA driver module is a two-stage amplifier. The input stage is a GuAsF ET

aai the output stage is a TRW MRA-2 72.  The driver output is sp lit two ways in

ord er to provide the required RF drive to the IPA BPM’ s. A G a \ s F E T  was

s~lected for the input stage because of its high gain , stability , bandwidth , and

ease of controlling gain.

3 2 .
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• The amplifiers are all constructed using a oi mbin -ati on of mic rost rip, str iplin e

and lumped element circui t techniques. An cx~t ’as 1ve : vt ’st i ~t a t ion  “as conducted

to determine the optimum substrate materi :il for the c i rcu i t  aet~’orks. Insertion

loss, bandwidth and cost were the d r ivers .  The materials considered were t~~ . 5

A lumina,  Teflon fiberglass , and Epsilarn 10. Alum in a was selected f~ r t~ie c i r c~ut

elements , and Teflon fiberglass for the hybrid combiners and s~ l~::& -r ~ . A

detailed descriptio n of this investigation follows.

SUB~T BATE M A T E R I A L

MATE RIA L EVALUATION

Though ITTDCD has used several diffe rent substrate  : a t e r t •~ s , Al~~~ma ~as

been the most popular Recently , DCD has studied less expeasive m a t e r i a l s

for use in the PA 3 modules including Epsi lam-lO i 3M’ , Teflon f ib erg la ss ,  and

fused quartz. Teflon fiberglass and fused quartz are unacceptable because their

low dielectric constant makes them incompatible with the 3 dB hvb rids. The

h brids must launch into a material with a highe r dielectric constan t , so that the

interface does not radiate.

Since Epsilaru -lO is less expensive than Alumina , an extensive comparison of

the two mate rials was pe rformed. The two diffe r mainl y in loss tangent , —

thermal coefficient of expansion , and ~< T 
(loss in dB m~.

Two identical single resonator filters were constructed on the respective substrate

mate rial . AU measurements were performed on an HP S542B Automatic Netw ork

Analyzer. Afte r an initial measu rement was made , both filters were subj ected

to temperature and humidity extremes. After  eac h environmental stress , the

filte rs were retested at room temperature. The results show that E psilam-lO

- is more lossy than Alumin a due to a substantially lower Qu and its tendency to

absorb moisture. This excess loss and undesirable tend ency to alter charac te r i s t ic s

via water abso rption far outweigh its cost advantage. Thus Alumina was chosen

• as the substrate material.
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SUBSTRATE BONDING

P revious programs at LTTDCD have extensively investigated the substrate,”
car rier interface. One major concern is the separation of the bond between

these elements as a re5ult of environmental factors. The standard technique

employed at DCD has been Alumina epoxied to a Kovar carrier. This was

reliable ove r environmental extremes , but inc reased weight and cost.

The Glob al Positioning Satellite (GPS) program at DCD had , as a prime considera-

tion , weight. Thus , an investigation of reliable and lightweight substrate bonding

techniques ensued . The results of thi s analysis led to a technique of bonding

Alumina to aluminum. This technique was subjected to repeated the rmal cycles

) 40) without separation. As a re sult , ITT Procedu re PS1O51 is the standard

techniques used to bond Alumina to aluminum.

For the Phased Array Antenn a Amplifier program, this technique has allowed

DCD to reduce the weight of a basic powe r module by approximately . 5 pounds.

Addi tionally, the expense of machin ing Kovar has been eliniinated.

The construction approach for the amplifier provides for a “ stepped” profile

heat sink . The machined heat sink is used as the base of the BPM . This profile

Is used to moun t the substrates and transistors directly to the heat sink . Thus ,

no carriers are used and the thermal resistance from the transistor case does

not include a carrier interface. This app roach optimizes transfe r of heat from

the transi stor to the ambient and increases overall performance.

TR ANSISTORS

Three t ransistor types are used in the amplifie r chain . The powe r output stages

and their lower power drivers are TRW devices , MBA —27 1 and M R A— 272

respectively. The 1PA ’s fi rst stage is a OaAsFET while its second stage is an

• MBA—272. Both bipolars and GaA sFE T ’ s were considered for this app lication.

Power output , gai n , e ffi ciency, ba ndwidth and cost we re evaluated before select-
• ing the TRW bipolar devices. At the present time , these bipolars have a 

~~~—~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ______
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significant advantage in output power and cost ( $ - ‘wat t ~ ove r available FF’T’ s.

Imp rovements in both types of devices are expcctcd and the comparis on is be&ng

continually updated to reflect the latest devices.

Samples of the MBA-27 1 and 272 type transistors have been evaluated. Tests

• performed included:

• vs. frequency

P vs. driveout
• P vs. collector voltageout

• Phase vs. frequency and collector voltage 
-

• Phase vs. drive

. Dyn amic phase tracking

These tests were performe d for both single stage a m p l i f i e r s  and two comb ined

driver stages and two comb ined power stages.

Analysis of test data Figures Ii through /6 show that  the two transistor’s

performances vary as a function of frequency. If a constant drive level vs.

frequency were set for this system , performance could be as shown in F’igure /7 
—

• The se curves are a composite projection of BPM performance based upon

Figures!? through /6 at a constan t inpu t drive level. Obviously the loss of

efficiency at the low end and -2. 0 dB fallo ff in P at the high end is not desir-out
able.

• Based upon this analysis and the A N ; G I ~C -143 output drive level variation of

‘
~~~ 4 dB (÷20 dBrn to ~24 ~~m), an input gain control was added. This has

conveniently been Incorporated by adjusting the bias of the IPA driver GaA s FET

stage. As a result of this design , the ope ra tor wou ld set the RF gain cont rol to

pi~ duce a fixed total output power at each operating frequency. Thus at 4. 4 GUz

the drive would be reduced to provide operation of the BP M’ S ~Figu re /~9)
at their optimum P~~ to improve overall efficiency without sac rificing tot al power

output .
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The curves and analysis presented are for a limited sample of devices.

Howeve r , the flexibility of setting drive level to avoid hard saturation

(4. 4 G Hz) or overcome lower gain 5.0 G l-l z provide s a system with more

uniform performance vs. frequency. Thus system narrowband performance

would follow curves of Figure /~~~~ 
rather than /7

Though most data is shown at - collector voltage of 26 VDC , ITT recognizes

that device performance will vary  with collector voltage. During the

evaluation phase of the BPM , ove rall pe rformance (P t s EFF , gain will be

evaluated under collector voltage variation.

ANT E NN A DE SIGN

Du r ing the design phase of thi s program , several alte rnate approaches were

considered for the antenna . The matstrip configuration was chosen with the

following tradeoffs analyzed:

• single laminate (incorporating rece ive and tra nsmit dipole

arrays on one laminate) versus a dual laminate design (one

receive , one transmit separated by a polarizer laminateL

• one piece construction (per laminate) versus sectionalized

construction.

The antenna design selected for the scale model system is a dual layer design with

one piece construction for eac h laminate. The following paragrap hs discuss each

choice.

SINGLE VS. DUA L LAMINATE ANTENNA DESIGN

SINGLE VS. DUAL LAYE R ANTENNA SELECTION

The choice of single versus dual layered antenna configuratio n weighed the

Immediate needs of this R & D program against the long-term needs of future

production programs. V iewed in terms of program goal s, the dual laye r

antenna is the logical choice for developing a one-tenth size antenna-amplifier

14~
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that demonstrates the feasibility for space-addition of low powe r modules for

solid— state troposcatter amplifie r systems. Conversely , the single laye r

structure is the logical choice for a 1 kw antenna-amplifie r system due to

lower weight and cost plus ease of maintenance .

The antenna is required to be dual polarized: two independent arrays supe r-

imposed in a 3ingle aperture , independent access and distribution network s,

efficient radiation of two uncoupled pencil beams of orthogonal polarizations.

Two alte rnatives for the practical realization of a dual antenna system using

p rinted circuit techniques are :

A) Single layer : a single (thi n) printed circuit sheet conta ining

two dipole arrays with their associated distribution circuits

(corporate feeds) , positioned above a singl e ground plane.

The risk fe atu re of thi s structure is the attainment of a printed

layout which accommodates two orthogonal array- feed systems

with a minimum of cross coupling.

B) Dual layer : a structure in cross—section of three (thin) printed

circuit sheets positioned above a ground plane , and super-

imposed one above the other . Two sheets each contain one

printed planar dipole array with corporate feed; the third sheet

contains a printed “polarized” ground pl ane , i. e.,  transparent

to one polarization and tot ally reflecting to the orthogonal

polarization. The difficult aspect of this structure is the three-

dimensional Interlacing of two independent (dual) antenna systems

with a minimum of cross coupling.

In the development of the 1:10 scale antenna , the dual layer design p rov ides a

• known basis of antenna performance on which to build an integrated amplifier

system. That basis is the expertise acquired by ITT in developing similar

antenn a configuration s at X—band . Performance consistent with the needs of

thi s program were att ained at X-band.
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ONE - PIECE VS. SECTIONALIZED CONSTRUCTION -VENDOR SURVEY

An area of investigation and study early in the program was the consideration of

fabricating single large array sheets (38” X 38”) or sectionalizing to smaller sheets

(2 , 3, 4 , etc.) to form the large single array . Manufacturers with capabilities to

supply and process large laminates had to be located. Thi s was accomplished .

The single large board approach has cert ain obvious advantages such as decreased
handling, si mpler alignment procedures , and electrical c~ntinuit v. A sectionalized ,
piece-part approach would serve to compoun d p roblems such as continuity , tolerance/
registration, and system integrity .

Several prospective array materials were investigated and evaluated during the initial

su rvey . As a result of this analysis and the advantages stated above , the single piece
approach will be implemented.

For the Final Report , analy sis will be provided on the design feasibility of a single
laminate dual array antenna design for a full scale IK\V model. Cost , weig ht , and
complexity comparisons will be provided between the two approaches.

ANTENN A DESIGN

PERFORMANC E REQUIREMENTS

The following tabulation shows the antenna performance as required by ECOM

Specification DS-EH-0238A (A) , 16 Aug. 76; and ITT ’s current estimate determined

by performance budgets derived from analysis and measured results.

ECOM DS-EH-0238A (A)

Item Para. Specifica tion Current Estimate
Size 3.4 . 1. 1 10 sq. ft. max. 10 sq. ft. (ape rtu re)

RF connectors 3 .4 . 1.5 Rx :WR-1S7 ;Tx:Tvpe N As required

F requency 3 .4 .2 .1  4.4 to 5 . 0 G H z  As required
GaIn 3 .4 .2 .1  30 dBi min:Tx 3l . IC~5 dBi

30 dBi min:Rx 30. ~~

5- - -- -~~~~~~~ -
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Item Para. Specification Current

Beamwidth 3.4. 21 5° max. , E & H 4. 2° - 4 4
0

Plane , Tx and Bx

Pol arization 3.4. 2. 3 Tran smit: -+-45 ° As required

Receive: _ 4 5
0 As required

Sidelobes 3 .4 .2 .4  15 dB max. 1~ dB max .

- 
lS dB goal

\- SWB 3.4.2 . 5 1. 5:l max. Tx & Rx 1.Smax . Tx & Rx

CA D ARRAY PROGRAMS

Computer aided design played a key role in determining which array design

would be chosen for the 100 watt system. Two computer programs were written I -

during thi s antenna development and can be extended to the 1 kw system. Based

upon the analysis of the CAD , an array layout evolved which meets or exceeds all

requirements of the specification . Additionally these programs allowed an alysis

of the t ransmit antenn a design unde r conditions of unequal phase and amplitude

excitation . Thi s p rovided ITT with the information to establish system BPM

amplitude and phase budgets for expected antenna performance.

Program I Calculates and plots relative far field amplitude in dB versus

angular position , u sually scan angle (0) with the second coordinate angle t i))

held constant. Fine inc rementing of the angle and inte rconnection of points in

plotting prov ide a continuous curve; a point by point tabulation can oe an

alternative output . Since this type pattern is a cross-section of the volume of

space into which the antenna radiate s, many patterns are required to determine

the full spatial response. Characteristically, principle planes of concern are

identified and plotted accordin g to the antenna type and system app lication , th us,

an assumption or pre-kn owledge is needed to select the patt ern coordinates to
• be plotted. The program incorporates the following:

U
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• Dipole ele ment patt ern — represented b y an analytic equation derived

for sinusoidal excitation .

• Groun d plane pattern represented by an image dipole ar ray .

o A rray factor — calculated by vectorial summat ion of all dipole elements.

• Illumination — amplitude and p ha se of current  at each dipole can be

specified and applied in the vector sum; this includes error functi ons of

which the random type can be generated by the program.

Figu re I~ shows plots generated by Program I.

P rogram U Calcu lates and plot s a three—d.i znensiona.l far field pattern of

amplitude ve rsus both angular coordinates and , also calculates an tenna di rectivitv ,

an aspect of gain. The 3-D patte rn plot is analogous to a topological or contour

map which represents elevation at a location specified by longitude and latitude;

here field amplitude is plotted versus spatial position and whe re the plane of the

map represents the surface of the far-field hemisphe re the surface of constant
dist ance fro m the antenna center. The compute r output to a teletyp e termi nal

tS  used for this plot by equating the two orthogonal spatial coo rdin ates (S ~ 0

COS ~~~~, COS 0 S~~ ~ ) with row—column locutions , and the amp litude with an

alp han umeric symbol suitabl y deftned in a key—code table. Thus , thi s p rogram

outp ut su rveys the full extent of the radiated space at a selectable number of dis-
creet points , a feature which compliments P rogram I by provid ing the “ pre—
knowledge” for choosing a part icular cross-section to be plotted in the amplitude

versus scan angle format. Program U , In addition , calculates directivity as the

ratio of boresight power to the sum of the powe r at all points averaged over the ful l

surface. The di rectiv ity output is printed as a numbe r in dB foll owing the patte rn

• plot. The program features :

1 . • Calculation of the dipole element patte rn by direct in tegr at ion  of the

(si nusoidal) current  along the (lipole length. This allows direct use of

the program for harmon ic  ana lys is  as ~vell as fundamental  analysis  ~wur

any bandwidth.

4ô 
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o Calculation of ground plane effect by image dipole a r ray  at twice the

g round plane spacing; again this provides extended bandwidth and

harmonic analysis capability.

• Cal culation of array, or lattice , factor by vectorial sununation of all

• a rray elements at any far field point in space thereby provid ing a non—

approximate base for an alyzing any shape array,  or grid; or erro r

pattern .

• P rovision for specification of any amplitude and phase excitation in the

dipole array; this includes generation of random excitations.

• Calculation of directiv itv or gain .

• Vari able inc rementing of the cix rdinate spac e angle s for finer steps

at the broadside math beam angles.

Program U - Output Format

The contour map produced by thi s prog ra m is shown in Figure 20.
Displayed is a series of typed alphanumeric symbols which have the

followi ng meanings:

• Va lue of the symbol is assigned , arbi t ra rily , t~ a ra nge of powers

calculated by the program in dB. Each p rogram run establishes a t
t able of symbol versus power; all positive dB are loss ratios.

• Location of a symbol in the printed ar ray  corresponds to a unique

pai r of coordinate angles: ~ @. The coordinate pair is systematically

stepped over a full hemisphere using the following angular ranges:

~ 0 ~~. 9O~ ~~ ~ 360
0. In cases of known symmetry

lesser range is used.

• Gai n Is outpu ted as a singl e numer ic , in dB , re fe renced to the angular

posi tion: ~ o°; ~ ~
0

. This is the axis normal to the ar ray  and

the nominal center of the m ain  pencil beam. Thus , the gain reflects

losses due to bea m squint as well as due to beam wi dth  and sidelobe

49
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structu re . The dB output Is a positive number for the increase in

power of the array comp ared to a single isotropic radiator of zero
dB power.

Thus , the data format shows the usual pattern characteristics of amplitude

versus coordinate scan angles. Beam peaks , nulls, sidelobes can be located

by “ reading” their amplitudes from the key-code table; beam location , beam-

width, sidelobe or null location can be read by counting their grid position

and de-incrementing according to the p rojection scheme .

Program Validation

Both programs we re validated by applying cases of known solution: uni form

illumination of a square array which has a well known analytic solution;

multiple beam pattern at the 2nd harmonic whose solution was hand-cal culated.

Both cases showed equivalent results between the program and de rived solu-

tion.

TRANSMIT A.RBAI ELECTB ICAL DESIGN

SELECTION OF ANT E~~NA TYPE -

The requirements affecting the choice of antenna type are:

• Specifications for gain , sidelobe , polarization and size.

• Twelve (12) inputs

• Simultaneous t ransmit and receive ope ration in a common aperture

• Future requirements for economic manufactureabi lity

The antenna type chosen Is a pr inted circuit dipole array in an ITT developed

technique terraied “matstrip” . The features of matstrip which make it

particularly suited for this app lication are:

- 
- 
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• Corporate feed and dipoles printed on a single sheet.

• Dipole elements are singula rly polarized and inhe rently isolated
from quadrature polarizations.

o Array functions with both solid (reflection of all pola rizations) and
semi-t ra n sparent (reflection of onl y one polarization) ground plane.

• Dual pol arization can be achieved by stacking array s in a common
apertu re.

• Co~~orate feed technique allows amplitude taper ing and accommodates
multiple inputs with no special techniques , i. e. , focusin g or phasing
problems.

• Scaleable and modular to attain any aperture size.

• Flat form factor p rovides convenience in integrating amplifiers into
ante nna.

• Highly reproducible due to printing techniques.

RECEIV ER ARRA Y E LECTRICAL DESIGN

The receive array requirements diffe r fro m the transmit arra y only in polariza-
tion (—45 ° off horizontal) and number of inputs 4 .  The polarization will be
attained by 900 rotation of dipoles in an array ve ry similar to the transmit
array . The main difference being the combining of the former 12 inputs into
four outputs by replacing the original balun with two-way comb i ne rs and
extending the corporate feed to sum the 12 equal outputs into four balun outputs.

The scheme provides an identical aperatu re taper as for transmit and , con-
sequently, identical directivity and sidelobes. However , the net gain is reduced
from the transmit case by the added line loss of the extende d feed in the mat-
strip.

The components and design plan for the receive array are basically the same as
transmit , except the final dipole matching is done with the receive array located
between the transmit array and the background panel.

H
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ELEMENT TEST RESULTS

Because of the similarity of the receive antenna and t ransmit antenn a , design

and test of antenna elements apply to both conflguration s. These elements are

corporate feed lines , balun s, power divide r , and dipole design.

Co rporate feed lines: for the matstrip material , the inse rtion loss per unit

length had to be determined for the 4 .4  - 5.0 GHz band. Testing on an

Auto matic Network .Au a lvz er HP 8542 , using two identical circuits diffe rin g

onl y in length , established thi s parame ter to be • 04 dB inch. Corporate feed

losses included in the antenna budgets are bascd upon this result.

BALUN DESIGN

The balun design uses a propri etary technique wherein the marriage of a powe r

divide r with an infinite ba lun concept p rovides special svmmetr conditions that

result in a low VSW R and unusually quiet (non—radiating) trans formation from a

grounded coax mode to an ungrounded two -wi re mode. Thi s design has been

successfully employed at X -band where VSWB ’ s of 1. 15 maximum we re

achi eved with maximum losses of 0. 5 dB.

A brea~~oard design has been tested and modified for impedance matching. A

single balun VSWR less than 1. 10 has been achieved~ thi s exceeds the design goal

of 1. 15 VS\VR. The comp leted design uses a revised connector design of a simp le

construction using standard connecto r components , which achieved a 1. 02 to 1. 03

VSW R over the 4 . 4  - 5. 0 GHz range. - r
Figure 2/ shows final balun V S\V R and impedance data for the 4. 4 - a. 0 GHz

f requency range. Actually what is shown is the frequenc y response of a pair of

baluns “back to back” , i.e. , from a coax input into a balun with  a pair  of two

parallel conductor feed line outputs , which are re-combined into a second balun

wit h a coaxial output. Thus, the “back to back” test circuit use s two halun s

sepa rated by lengths of lin e of approximately three wavelengths; consequently,

wh at is measured Is the inter action of two bal un VSWB ’ s comb i ning with all possible 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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phases. For this condition , the peak VSW R result s from a phasing condition
wherein the individual balun VSWB’ s combine as a product; hence , for a total
V S\VR of 1. 13, the individual balun V S\V B 1$: e BALUN z J 1. 15 1.07 ;

allowing for tolerances , a maxinuun VSWR of 1. 10 can be expected from a
typical balun assembly.

POWER DiVIDER

Two-way and four-way dividers are required for thi s application. The four-way
is considered in the dipole development because it is closely integrated into a
2 X 2 dipole array. The -~ gnificant design parameters are impedance (for a
given material and thickness) and phase length. Additionally, the impedance
levels of input and output line s need be specified.

A breadboard model has been completed. A maxiniuxn VSW R of 1. 19 (Figu re22)
was achieved for a composite circuit of two baluns and two power dividers

arranged “back to back” . Using worst case phasing and a balun VS’~VR of 1.08 ,
the divide r V S\VR (P )) iS:

1.19 = 

~ T = 1.08 X 1.08 X 1.08 X 
~ D ~ ~ D’ ~ D 1. 19 — (1.08) (1.08)

• ~ D 101

DIPOLE DESIGN

The dipole presents four basic design p roblems:

• Impedance-bandwidth characteristics which are resonant (highly frequency

dependent) ; the important parameters are the dipole length to width ratio

and dipole length.

• Feediline-dipole j unction reactances can attain significantl y large vatues and

distort the basic dipole impedance. This requires an essentially experi-

mental solution because of the difficulties in calculating reactances.

• Impedanc e variation due to mutual couplin g in an ar ray env i ronment.
Since thi s is a non-scanning array, only the broadside beam (0

0 scan)

_ a J
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position need be considered. Caiculated solutions u sua lly deal with the

variation of impedance with scan assuming a matched impedance at 00

scan. The 0
0 match is usually achieved experimentally because of the

difficulties cited above. This is furthe r complicated in this application by

the presence of a compound aperture contain ing othe r polarization- , fe ed

lines , and polarization filters. Con sequently , an important task will

require the experimental matching of the dipole impedance in a total array
environment ; this includes , besides the PCB ’s, the radome and inter .ave r
filler materials.

• Pattern characte ristics effect gain , sidelobes , beamwidth and polarizati on.

Factors effecting patterns are dipole lengt h, length,- width ratio , an d feed

line location .

The dipole development will be done in the following steps:

1) Prelim inary dipole matching and pattern examination. Thi s wi ll provide
a starting point design for the array matching by optimizing the dipole

paramete rs: length and length/widt h , and testing feed line junction ef f ec t s .

It employs two dipoles fed from a balun and spaced greater than a wavelength apa rt
oriented (coaxial) for minimum coupling. E ffectively , this presents a

single dipole impedance at the balun input. The patterns measured in thi s

arrangement will show: single dipole H-pl ane pattern , two dipole inter-

ference E-p lane pattern , and spu rious radiation effects of the balun and
feed lines. - -

To date , a two dipole (1 X 2~ breadboard (as described~ has been fabricated
and initially matched to a 1.40:1 VSWR. Figu re23 shows impedance data.

A reasonable estimate Indi~~tes a balun dipole impedance of 1 20:1 max ’mum

VSWR Is feasible; however , final matching must be done in the array

environment. - 
-

2) A 2 X 4 dIpole array with each balun output feeding a 2 X 2 array of dipoles

fed from a four-way divide r and in a single polarization , was implemented

as the next step In development of the dipole array . The need for this step

sa~
_

h.L 
~~~~~~~~~~~~~~~~~ 4
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is to deve lop the four-way feed with dipole te rminat ions including the most

important mutual coupling and feed lin e effects. The goals will be to attain

1.2:1 maximum V S\V B at the input to the fo’ .r -way divide r , and to attai n

pattern characteristics which show no anomalous effects: main lobe

assymmetrics , spurious sidelobes , cross -polarization. To date , initial
matching has resulted in the data of Figure 244 thi s includes the ba lun VSWR.

Comparison to the 1 X 2 data of Figure 23 shows very similar perfo rmance

indicating small mutual coupling eff ects and an optimum four-way divide r
design . .Also, t u e  single match point frequency response shows that additional
tuning for a ripple response , i.e. , th ree equal VSW E peaks at low , mid, and

high frequencies , will reduce the maximum \ S\VR of 1.4 to 1. 2 which is our design

goal . A prelimin ary indication of load ing effects of radomes or multi-layer

assembly is shown in Figure24B here a foam spacer and the 1 X 2 dipole PCB
covered the 2 X 4 array all in direct contact. The resulting match of the 2 X 4

array is seen to have improved over Figure2’cA however , though this is not
the fin al arrangement , what is signi ficant is tha t no excessive e ff ects  were

noted. Additional matching and pattern measurements will be implemented
in the next development phase.

. 3) The final step Is the measurement of dipole impedance and p atterns in a

~large array” configuration , simulating the actual full size array environ-

meat. Applied he re, this includes loading of the cross-polarization and

polarization filter-type ground plane , inter-layer spacers and radome. The

construction will consist of a stack of three laminates: two arrays cross

polarized and one filter-groun d plane , situated above a solid ground plane.

Each array will contain an active central balun with each outpu t feeding a

pair of 2 X 2 dipole arrays (with four-way divide r), as in step 2. Each - -
• polarization will thus be a 4 X 4 array of 16 dipoles with a corporate feed

consisting of a balun, two-way powe r divider , and four-way powe r divider
representative of every type component used in the full array. This stacked

confi guration has been tested and preliminary data indicates 1. 55:]- VSW R

and Isolation between polarization of 2S. 5 ~~ worst case , typic ally 32 dB.

* 
Field testing of this arrangement is in process prior to final optimization of

array design.
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NEXT REPORTING PERI OD ACTIVITY

- - Du ring the next reporting period , January - June 1978 , tes t ing of the Ante nna
Array will be in progress and assembly of the BPM & IPA Driver Modules wil l

— be in progress. All mate rial for system construction will be on order , and

assembly at the Control Cabinet will be progressing .

The majo r technical accomplishments will be:

a. Matstrip (p rinted) Antenn a perfo rm ance

b. Construction /Test of the BPM , characterizing phase performance

‘Turn on ’ slop e, e ffi ciency, Ml band width pe rformance and tota l

noi se contribution.

From this information , th e goals of the system will be reviewed and recommendations
fo r device im provements to meet future system needs (1KW) defined.

CONCLUSIONS:

The analysis of the system requirements , coupled with the amplifier data available ,

indicates that implementation of a IK’~V system is dependent upon three crucial items:

a) AC-lW Efficiency

b) Reliability

c) A ntenna Weight

Cu rrent transistor performance is the limiting element for these three items.

Device e fficiency, gain and power output are the parameters which must be improved

before a [NW Syste m is viable.

The AC-BF efficiency is crucial to enable system deployment wi th existing A rmy

GH C-143 AC Generators.

Reliability is tied directly to device junction temperatu re and thus gain and efficiency.

A ntenna weight is heavily dependent upon quantity of amplifiers and weight of heat sinks.

Improvements in device power output and efficiency will reduce antenna weight such

that antenn a array erection on AN 1803 mast is possible.

- -
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