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I. INTRODUCTION

This report will summarize the development and testing of the MSAR C-Band
array panel. From initial concepts through test completion, this paper will
discuss each element of the antenna system individually as well as collectively.

Textual descriptions together with test data are both used to enable a clear
understanding of the antenna system performance. And, in most instances, textual
references are made to a particular photo, figure, or graph.

In general, test data has confirmed or exceeded expectations. Of particular note,
excellent cross polarization isolation was achijeved with a unique field cancelling
geometry.

We are presently prepared to implement distributed amplifiers into this antenna
system.

[1. DEVELOPMENT

A number of concepts were investigated during the development stage to determine
an optimum antenna design. The primary criteria during this phase was reductior
of cross polarization or polarization isolation. Of course efficiency, radiation
patterns, and impedance matching were also considered.

Initially, single patches were constructed on .047 inch PTFE to verify the
correct patch size for its respective resonant frequency. Linear scaling was
used to optimize patch operdions at f,. Efficiency experiments with .040 inch
Rohacell and 2 bonded layers of .005 inch G-10 indicated that appreciable inser-
tion 1nss existed with the composite substrate. Therefore, it was decided that
PTFE would be used exclusively.

Next, individual single polarjzation coiumns were developed to determine the
proper patch dimensions and spacing to minimize cross pole. The polarization
feeds were integrated into a single column and dimensions again readjusted to
minimize x-po]e:‘ -17dB of polarization isolation was measured for this iteration.



In order to ascertain the feasibjlity of achieving -19 dB sideloves, a 12-way
Taylor taper power divider was built and connected to a 12 patch linear array.
In Table 1 we 1ist the measured sidelobe performance of this power divider,

Table 1

Measured Sidelobes Performance for a Taylor Taper Power Divider

Frequency

First Side1obe

5.25 ghz

-18dB

3.30 ghz

~19dB

5,35 ghz

-17dB

Throughout the lengthy development phase, many different and unique models

were designed and tested.

not be provided in this paper.

Only a few will be mentioned here and test data wiil
However, it should be noted that each model

was conceived to optimize cross polarization between ports. A few of these

concepts are shown in Figure 1 {a-e).
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(a) E Plane Cross Poie‘Cahre1s Patch to Fatch
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(b) No Cross Pole Excited in E Plane
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(c) Similar to Above, Other Port
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(d)  Separate Columns for Each Pojarization
Unworkable due to Spacing Requirements
for Elevation Beam Steering
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(e) Franklin Antenna (Vertical Polarization

Did Not Work)
Figure 1 Various Series Fed Antenna Concepts

The final version, which wil) be discussed in the next section, fed both series
arrays (horizontal and vertical polarization) 180 degrees out of phase. The
cross pole for port 1 cancelled with a single row while port 2 required the
addition of an inverted row back-to-back with the original.

ITI. ANTENNA

The final antenna panel is a 12 x 18 patch array (row and column). It is fed by
pins through the substrate to the power divider board (the antenna and power
divider are back to back). The panel is etched on .037 inch PTFE with an €.=2.50.
Actual dimensions are approximately 26.5 inches wide by 19 inches high,

The array is fed at the center of each row in a vertical fashion. The horizontal
polarization is fed in series {electrically in parallel except for series Tine
Toss) while the vertical polarization is fed in parallel.

By feeding the horizontal polarization at the center and out of phase to each
side, field cancellation yields the desired cross pole. Likewise, the vertical
polarization's cross pole is reduced by inverting one row and feeding it 180
degrees out of phase. Measured cross polarization as a function of frequency,
polarization, and pattern cut (Az or E1) can be seen in Table 2.




Copies of the test patternt are arranged as follows:

Frequency (GHz) Polarization Figure
5.275 Vertical 2
5.275 Horizontal 3
5.300 Vertical 4
5,300 Horjzontal 5
5.325 Vertical 6
5,325 Horizontal 7
5.350 Vertical 8
5.350 Horizontal 9

It appears, as evidenced by occasional rnon-symmetric sidelobes, that a slight
phasing error exists. These errors are caused by the final integrated power
divider pin interconnection(s) between antenna and power divider, and slight
changes in the relative dielectric constant €y of the array in the final version
of fabrication {that is relative to the iterations before the current one).

Gain measurements over frequency for the two polarizations, horizontal and vertical,
are shown in Figures 10 and 11,respectively.




Tl

5.275 GHz

Hor
Vert

5,30 GHz

Hor
Vert

5,325 GHz

Hor
Vert

5,350 GHz

Hor
Vert

5.375 GHz

Haor
Vert

Table 2

AVERAGE FIRST SIDELOBE LEVEL

Az
-11.6 dB
- 907 dB

Az
-13.0 dB
'1204 dB

Az
-15,2 dB
-13.2 dB

Az
-14.3 dB
-10.9 dB

Az
-12.8 dB

-30.2
-238.9

-29.

Mot Measured

El
-16.9 dB
-16.2 dB

El
-17.0 dB
-17.3 dB

El
-16.8 dB
-18.1 dB

El
-17.7 dB
-17.7 dB

El
-19.9 dB

X-Pole

~32.

-33.8

-30.

Not Measured
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IV, POWER DIVIDER

Power dividers were designed to separately feed the input ports of the array --
horizontal and vertical polarizations. Port 1, horizontally polarized, provides
12 in-phase feeds to the 12 series fed patch rows. The vertically polarized port
2 establishes feed phases that alternate 0 and 180 degrees in order to properly
phase the inverted patch rows (for cross pole cancellation).

Each power divider (port 1/port 2) is configured to deliver a Taylor amp11itude
distribution in the elevation plane. This in turn develops sidelobes that roll

off monotonically. An amplitude taper was designed to enable the first sidelobes

to be a minimum of -18dB below the main lobe. In contrast, the azimuth plane is
uniformly illuminated and can only achieve a maximum of -13dB for its respective
first sidelobes. (Neglecting the inherent taper due to the series feed arrangement)

During fabrication, a number of factors affected power divider test measurements:
connector quality, connector soldering, board material, and external connector
torque (cables to automatic network analyzer), In addition, the quality, 511

and Soq of the 50 ohm loads played an important role in the repeatability of test
data. However, with careful fabrication using quality connectors/board material
coupled with exacting test procedures, data repeatability was carried out to
within .2dB in amplitude and 1 degree in phase.

Since the complete power divider is symmetric, i.e., one side is a mirror image
of the other,.only one side was initially built/tested for each port, When test
results indicated nominal performance, the entire power divider was fabricated
(See Figure 21). Note that the feed line (from the connector) for port 2
is displaced by 90 degrees (approximately 370 mils) to maintain proper patch

row phasing. Port 1 is fed symmetrically.

16
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The desired relative amplitudes, referenced to the innermost patch row (array
centerline), as well as the measured data are listed in Tables 3, 4, and 5.
Tapble 3
Calculated Power Divider Amplitude Distribution

Port Amplitude (dB)
A 0

B -063

c -1.79

D -3.26

E '4158

F -5.12

Table 4

Port 1, Horizontal Polarization, Test Data

Port Amp1itude (521)(d8) Amplitude (dB) % Phase(deg) Phase (deg)
A c.41 0.00 22.86 57.5 0.00

B 7.20 -.79 19,05 87.2 -.30

C 8.55 -2.14 13,96 53.3 -4,20

D 9,94 -3.53 10,14 56.9 -.60

£ 11.32 -4.91 7.38 55.3 ~2.20

F 12.35 -5.94 5.82 63.1 -4.40

Insertion loss = ~1.01 dB

Table 5
Port 2, Vertical Polarization, Test Data

Port  Amplitude (S,,)(dB) Amplitude (dB) 4 Phase(deg) Phase {deg)
A 6.71 0 21.33 -10.8

B 6.95 -.24 20.18  168.0 178.8

C 7.75 -1.04 16.79 ~-8.9 177.5

D 9.43 ~2.72 11,40 168.6 '

E 10.70 “3099 8.51 -10-3 180 8

F 11,33 -4,62 7.36 170.5 '
Insertion loss = -.68 dB

17
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VI. PHASE SHIFTER

The phase shifter circuitry was generated using the CALMA CAD system. The
circuit consists of 3 phase shifters (450, 900, and 180°) with 90° quadrature
hybrids and one (22.5%) with a loaded 1ine design. These phase shifters
along with dc bias lines are etched on a .032" thick PTI'E substrate. The

pin diodes are hermetically sealed to insure operation under a variety of
conditions: the high vibration environment of shuttle 1ift off and landing,
space vacuum, temperature effects, and ground humidity,

Test data indicates a worst case insertion loss of about 2.5 dB at 5.30 GHz
(Figure 12). Test connectors and feed 1ines account for approximately .5 dB
loss; thus actual insertion losses are on the order of 2,0 dB. The pin diodes
are responsible for most of this loss. Figure 13 shows the return losses for

each bit.

Phase analysis shows all the bits are accurate within j?o over the frequency
band of 5.26 to 5.34 GHz.

In Figures 14 through 17, we show the measured phases (over freguency) for
each of the bits, 22.50, 450, 90° and 1800, respectively.

18
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VII. INTEGRATION

In this section we will discuss the integrated antenna/power divider performance.
Input impedance and isolation measurements were performed; these test plots

are shown in Figures 18 and 19 respectively, The VSWR for both polarizations

is within 1.9:1 for the band 5.26 to 5.35 GHz. Port-to-Port isolation is

below ~50 dB for the same frequency band.

Photographs of the array, power divider, and phase shifter are shown in Figures

20-22 respectively. Also, the circuit layout for the combination of the phase
shifter and power divider is shown in Figure 23,

25

[Pk R TSN T S e T e v i e S ry - " S m————— b fnacafinlivn, &



g1 =4nbi4

Jivg G3SSINLM 77 T H3I0 ]Jwﬂm.....n”\.w.n.w,. Wdves ik’ NN . — arvg 03SSINUM T 'H3H0 T dhadi 4”4 \....m...wm\wnl.m.m..\. .
.vk-dll‘.u.:us A TN E e e MHYWIH e FI 7 s oI 5 = :
HOISIAIO SHI11SAS 3DV4ASONTY TIvR HOISIAIO SHTLSAS IDVISOUIY 11VE

w21

X

comcnr

P

bt TH

|
)

7
A e L R T

o -
A ]
o

ad,

L S3iVHIQUO0I ) e S31VNIOHOO)
— T

FONYLLINMGY MO IONVAIINE bt IINVLLINGY MD AINvaIdn]

B ST et . A/ S - ol 2

JFONYY ADHNIN0I 2 EYKNIIMY ) 133HS JONYY AUNINDIHA SYNNZINY
HII0f] Ionvisadov[] NOUYDIAIYND] ] :34A1 1531 G0 .- < \ H3H1o[] 3onvidIDov([] NOHLYDLRWNO[T] :3dAl 1S3L &b \.
T e s ONTI00N 7T T oM 1uvd 1l vﬁ‘b T _onwmas “ON T300W "ON 1tvd =372 ﬁwu‘&
WYHDOUS "OM 1D3roHy QGrRr= /= WYHDOUd “ON 123r0td aiuar-v/-
HAVHDOLOHd JLHM ANV Movig
~TR IYNIDIYO



AR n.hﬂu\__.r..ﬂhg.vwﬂ.w.wum mxzqzum‘“
"¥4340 HorEeE
ISSINUM 775 ¥3d S
0 ¢ TIv8
- NOISIAIG SW3LSAS 3IV4S0H3V 00 TG
.m 6L Q_———am—rn_ P :w “ _ “ _mr—v
L e ..-hil...d“—.- oo&m. RIULMI T mn_m “m“_m mﬂl_p_w : hh -rml\m.mu_ -__ m
4737 bt ™y, A0S 4o 300382 (AT i Il i
T T e s et R Il
4 o AL |m ..nm ol m ] Mg ..... eyt : | i, B il “ 1 " il 1 c e %_le_n g
| | I I RHTHIR i IR T : L S L ke T
Aﬁ STRHHI S BV, (I . AN i R e [T i
i . = — "_ t H m H — ! N il T o .1m i hl; i
i i d — . r..._". ' L:. sl + : 117
e m - _ .m._..: “:_ hal T L‘“.um lif , T .L_.mﬂ.ﬁﬂ_:m __u _E :.xh_ _r 0|
| Ty LI THIET e Al el i T
28 ANE- i AR A T il =i Akl pifle]
[ g3 18 _ b HEN I 1] = Il il i B
T CZ ; HHRIRE O SEIET FE N 5L THHIE R i THEHE IR
- P ! A TR NN BHIE il 0 T ” ,._1 __..l
P~ T i _m m: |i _.w “_a_ ot il a+_ ‘m i : mﬂm_ b Lk {_, w.,w Hefrhy i _ i
_ mm w A _ 1 _,m.m_ﬁ I i ,#m | _ “1 g T mw M, _ " o
ME. m?ﬂ _ z_mm_ ! u. ,H_ v ! | ! zm, 1 il __ “_m__ il: D!_ I..l
.... 0. D DH 1 { ﬁ - _ i .m‘. ] 1 _mm :m i i _m_ﬁ Hl __ m
= X Tl _ _ RHHI LI w ] i .f il m_m_ Iy :u.w
- i Ly - ii _ s B MEesh 1 r HE 1 PR ﬁ-
WO 2 R _ : 1 v... .T_: : _.__.:xm_“_ = roe
= ] ] | Wit : HIEHRHT U P
! =2 5 il i HhY i . ”,m_:.m_;. LTS
__ g = | [ (I _ T g it el il
(| ee— [= I iU ] “ I ' : i I b ' i .* HY i I “ LN u._
j = W ] HEL il HL. 11 pa i __Z._,_h_. o
! 8 1410 R i LT HU W mitiai i
! S A A R T | il ﬁ T il i
o § IR T e o R T _ it er O/
> [HHEHEER N Rl A it TR T i
.n..un.w. mm.q_m_m T it *_ _m mE __:, mH} i
| oz _hiji,f_m U (R i AL, il L
| ot I i i I ;w._.. L gl i
_ - - nm HHEHTIHIT e i R Emy Al TR
| g lwy r._..h..._._.._luu_..L :m L __ it HHIRH itk 1B i i i Hitir i O
| ceti iy b SR Ik 1 TaLoF
,_ > 18|14 I R PR [ HH B il IR e it S
w. m ” “ m + . n.mm M NE : x m W 1 1 w. ~ _ — mw— . n.p".. ~: b . . lm”
| EFEe S _:_:y..., THIE A T BN
| == HE ]I I N ,E. o I o e
_ g (R r:_ i “”;ﬁ i m_vmz__nﬂ mmmo._ z.m_:Em_H_ T
. i1 R 1L Blii ZO_Hm
d R, R B WWOJ M u il_L l_
i x . ort |
m VAR - WREA s. co a—_;,_.__j_ﬂ‘_l_t—_mn— |
w . x — T _4_ L _ il
W b ARARE LR RN R RN
n _ _av_ S501 Kyal3M
0o

S va—

—r— L i el b SR
= T




ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH




HdY¥9010Hd 311HM g
39vd WNI9INO

NV 3Ovig



1)

BLACK AND WHITE PHOTOGRAPH

LS

BLACK AN

ORIGINAL paGE




3 S S P VT

31

Figure 23
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VII. CONCLUSION

The antenna/power divider system and phase shifter performed quite satis-
factorily. A few parameters, cross polarization and port-to-port isolation

for example, were exceptional. A bandwidth of 75 MHz to 100 MHz can be
adequately achieved with this type of antenna design. Presently, the total
measured losses in the 4-bit phase shifter, using hermetically sealed PIN
diodes, is on the order of 2 dB, However, we expect this loss to drop to 1.5 dB
with some judicious design of the various bits in the phase shifter,

Currently, we are preparing to integrate transmit/receive (T/R)} amplifiers
into the phase shifter and power divider board. The fabrication and testing
of this active antenna array should provide some understanding into their
implementation in future spaceborne radar and communication systems.

Active arrays, in general, can deliver high power without associated feedline
power breakdown problems. A distributed amplification system achieves better
sensitivities (in receiving weak signal levels) than does a centralized system
which has higher Tosses as well as higher effective noise temperatures. In
the event of modular faiiure, active array performance degrades gracefully.
Hardware implementation, however, is generally more complex.
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