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OCTOBER 1975

FINAL REPORT D-51001
DEVELOPMENT OF COMPONENTS FOR AN .
S-BAND PHASED ARRAY ANTENNA SUBSYSTEM

SECTION I
INTRODUCTION

This report contains the results of the second phase of the S-Band
Antenna Phased Array Communications System (SPACS II) program sponsored by
the Electromagnetic Systems Branch of NASA Lyndon B. Johnson ‘Space Center
under contract NAS9-14485. The system requirements, module test data, and
S-band phased array subsystem test data will be discussed in this report.

Many instances of spacecraft-to-spacecraft communications (e.g., space-
craft/relay satellite and shuttle/payload) may require a medium amount of
antenna gain for successful implementation. Of the two approaches to
achieving antenna gain (i.e., mechanically steered reflector or electroni-
cally steered phased array), the phased array approach offers the greatest
s1mp11c1ty and lowest cost (size, weight, power, and dollars) for this medium
gain. This report describes a competitive system design as well as hardware
evaluation which will lead to timely availability of this technology for
implementing such a system.

Thé objectives of the SPACS II contract are:

To ~‘bricate and test six engineering model transm1t/rece1ve
microelectronics modules.

To design, fabricate, and test one dc and logic multilayer
manifold.

To integrate and test an S-bandAphased array antenna sub-
system composed of antenna elements, seven T/R modules,
RF manifolds and dc manifold. :
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The developmental requirements under this contract consisted of
fabricating and testing five additional T/R modules identical to those
developed under NASA contract NAS9-14196 with Johnson Space Center,
developing and testing one T/R module similar to the five above but with an
additional L-band capability, designing and testing a dc and logic multilayer
manifold for use with these modules, integrating all the hardware developed
under NAS9-14196 and this contract (NAS9-14485) into an S-band phased array
antenna subsystem, and testing this subsystem.
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SECTION II
ANTENNA ARRAY SUBSYSTEM REQUIREMENTS

The antenna array subsystem requirements are based upon the set of
system parameters outlined in Table 2-1. These requirements are closely
keyed to using the existing technology developed under NASA Contract NAS8-
25847 with MSFC. The system parameters have been updated several times
during the course of this contract to reflect current JSC design requirements.

The system configuration envisions placement of at least four antenna
arrays approximately 10.68 inches in d1ameter mounted on the spacecraft as
shown in Figure 2-1.

A basic system block diagram is shown in Figure 2-2. To minimize the
interface and most easily compliment the radio systems and onboard computer,
the RF and computer signals and dc power will feed this system from a central
point. (A configuration alternative might use multiple-point interface for
redundancy at the expense of weight, power, and cost.) The radio system
interface consists of a nominal transmitter input‘of +29 dBm at S-band and a
receive output which feeds a transponder with a noise figure less than 8 dB.
As noted in Table 2-1, the receive system also operates at L-band, but with
degraded noise figure and gain.
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Table 2-1. System Design Parameters

Transmit frequencies 2217.5 and 2287.5 MHz
Transmit EIRP (on boresight) 24 dBw
Transmit EIRP (scan angles)! 18 dBw
Array transmit power input _ 30 dBm maximum; 28 dBm minimum
Receiver frequencies: S-band? 2041.9 and 2106.4 MHz
L-band - 1775.5 and 1831.8 MHz
Receive noise temperature? 600°K (design goal) and
‘ 700°K (maximumg
Receive antenna gain (on boresight) 11.5 dB
Receive antenna gain (60-degree scan) 5.5 dB
Antenna beamwidth (on boresight) 40° (nominal)
Array receive electronic gain S-band 20 dB
Array diameter 10.68 inches (main body)
Coverage ’ Maximized for four arrays on a

200-inch cylinder

Array thickness (including array
steering controller but not power

supply) 6 inches

Weight (four-array system less cables) 50 pounds (four arrays)
DC power (one array including controller) 130 watts

Steering angle commands (two) 8 bits each (maximum)
Phase variation +12°

Amplitude variation ) +0.7 dB8

Phasing time 0.2 us

Normal TPS bondline temperatufe near

faceplate in front of antenna -185° to +350°F
Surface curvature _ Flat antenna aperture

! 70~ by 50-degree elliptical scan with 70-degree scan along X-axis.
2 With £11-MHz spread spectrum at each S-band receive frequency.
3 Degraded performance acceptable at L-band receive frequencies.
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SECTION III
T/R MODULE DESIGN AND EVALUATION

A. OUTER MODULE (P/N SK 784010-1) EVALUATION

The five additional T/R modules for the outer rows of antenna elements
were the same design and construction as the module developed under NASA
Contract NAS9-14196 for JSC. Figures 3-1, 3-2, and 3-3 are photographs of
this module, which is composed of 3-bit switched line transmitter and receiver
phase shifters, a three-stage transmitter power amplifier, a transmitter
ferrite isolator, an MIC transmitter edge-coupled filter, a three-port ferrite
circulator duplexer, a receiver combline filter, and a receiver three-stage
low-noise amplifier. ,

The specifications and test procedures for the T/R modules developed
under this contract are given in Texas Instruments drawing number SKDD 301
(Appendix A of this report). The individual outer module test data for the
five outer modules (MSN 003, 004, 005, 006, and 007) built under this contract
are given in drawing number SKDD 302 (Appendix B). Also included is the
SPACS I outer module (MSN 001 built under NASA Contract NAS9-14196) test data.

The transmitter side of all six modules built under this contract went
together well and the test data was very close to the data obtained from the
original breadboard module built under NAS9-14196. The transmitter test data
for all seven modules used for this array subsystem is summarized in Table 3-1.
As seen in this table, all the modules either met or were close to the contract
design goals. The module transmitter input VSWR averaged 1.5:1, transmitter
power output averaged +35 dBm, and transmitter gain averaged 22 dB. The
module-to-module phase standard deviation averaged between 16 and 21 degrees.
The design goal for this phase variation was less than one-half the smallest
bit (which is 45 degrees).

- The receiver side of all six modules built under this contract did not
work as well as the original breadboard module built under NAS9-14196. The
basic problem in the receiver area was the Avantek AT-4641 transistor shipment.
The microwave parameters of the devices received on this contract were different
from the microwave parameters of the devices received under NAS9-14196. The
microwave par....ters involved were the transistor S-parameter windows and the
required source impedance for best noise performance. These differences
caused the gain, gain flatness, and noise figure of the receiver side of the
modules to be worse than the original breadboard module (MSN 001). The only
way to improve performance on the present contract was to reorder all transis-
tors, redesign the low-noise amplifier circuit, and reoptimize the receiver
interfaces. Because this improvement would have required increased time and
money and because timely execution of the contract was critical to supply
antenna array data to NASA, module receiver performance was somewhat degraded
in order to meet the schedule.
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To ensure that this problem does not reoccur in any future work,

stricter specifications will be placed on the transistor S-parameter windows
and source impedance for best noise figure. However, these stricter speci-
fications will double the price of the AT-4641 transistors. Also, for any
future module work, a variable thin-film attenuator will be placed in the
output of the low-noise amplifier to allow adjustment of the module receiver
gain. This should ensure that the receiver side of the module will have 30 dB
of gain with +1-dB maximum variation from module to module.

The receiver test data for the seven modules used for this array sub-
system is summarized in Table 3-2, which shows that all the modules either
met or were close to the contract design goals. The module receiver input
VSWR averaged 2.1:1, receiver noise figure averaged between 5.3 and 6.0 dB,
and receiver gain averaged 31.6 dB. Phase variations were between 20 to 30
degrees. The noise figure exceeded the design goal of 5.0 dB because of the
transistor problem previously mentioned. The module-to-module phase variation
also exceeded the goal of 22.5 degrees, and the module-to-module gain vari-
ation was greater than the design goal of #1 dB. Again, this was due to the
transistor problem previously discussed.

As shown by the data sheets in Appendix B, the module receivers have
low intermodulation products and 1-dB compression points between +1 and
+10 dBm, and work under fully duplexed operation with the transmitter and
receiver used at the same time. With the exception of the low-noise transistor
problem, the outer modules performed as expected and met the majority of
design goals.

B. INNER MODULE (P/N SK 446962-1) DESIGN AND EVALUATION

One center module was built using existing circuits from the previously
discussed outer modules. The center module did not have a requirement for
phase shifters in either the transmitter or receiver sections. In place of
the 3-bit phase shifters, simple phase adjust networks were used in the
transmitter and receiver. The center module had the additional capability of
receiving L-band signals at 1775.5 MHz and 1831.8 MHz, and outputting these
signals through a separate RF connector.

Figures 3-4 and 3-5 are photographs of the completed center module.
This center module is similar to the outer modules but is 1 inch longer
because of the extra circuitry required.

The transmit phase adjust network shown in the figures consists of four
spurline phase adjustment (analog) sections, with each capable of being ad-
justed from 10 to 100 degrees in 5-degree increments. This adjustment takes
place by moving welded gold ribbons up or down the spurlines as required.

The transmit phase adjustment network is designed to provide *180 electrical
degrees of adjustment to ensure its phase length is close to that of the
other six outer modules. A 2-dB thin-film pad is mounted on the phase adjust
network. Since this circuit has no diodes to create as much loss as the

3-6 Equipment Group
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ig
original phase shifter circuit, this attenuator is required to ensure that the
input drive power to the three-stage power amplifier remains the same as the
other six modules. Most of the module circuits, including the phase adjust

circuit, are built using MIC construction on Al1,0; ceramic substrates. ANA
data taken on a transmit phase adjust network is shown in Table 3-3.

The receiver phase adjust network (Figures 3-4 and 3-5) consists of three
spurline phase adjustment (analog) sections, with one capable of being adjusted
from 10 to 110 degrees in 5-degree increments, and the other two sections
capable of being adjusted from 10 to 140 degrees in 5-degree increments. This
adjustment takes place by moving welded gold ribbons up or down the spurlines
as required. The receiver phase adjust network is designed to provide 180
electrical degrees of adjustment to ensure its phase length is close to that
of the other six outer modules. A 50-ohm transmission line is also included
on the receiver phase adjust circuit. This line routes the L-band receive
signal from the L-band circulator to the L-band filter. The receive phase
adjust network also uses microstrip construction techniques.

The thin-film pad used on the transmit phase adjust network is not in-
cluded as part of the receiver phase adjust network. This is because there
is approximately 1 dB of extra loss already in the receiver section due to
the extra L-band circulator and 50-ohm routing lines. This already puts the
gain of the center module receiver section close to that of the outer modules.
ANA data was taken on the receive phase adjust network. Its loss was approxi-
mately 0.8 dB with a 1.2:1 VSWR.

The L-band circulator shown in Figure 3-4 properly routes the S-band
and L-band receive signals. On receive, a signal enters the S-band duplexing
circulator and is routed to the L-band circulator. The L-band circulator
then routes the receive signal to the receiver combline filter.

If the receive signal is an S-band signal (2041.9 MHz or 2106.4 MHz),
it passes through the receiver combline filter, is amplified, and passes out
through the S-band receiver output RF connector. If the receive signal is an
L-band signal (1775.5 MHz or 1831.8 MHz), it is reflected from the combline
filter back to the L-band circulator. From the L-band circulator, the L-band
receive signal is routed over the receive phase adjust network to the L-band
MIC filter and through the L-band filter to the L-band output RF connector.
The ANA test data taken on the L-band circulator is shown in Tables 3-4 and
3-5.

The L-band MIC filter shown in Figure 3-4 is an interdigitated type
adapted from the AESPA contract NAS8-25847 with MSFC. This filter is a six-
section (n = 6 resonators) Chebyshev bandpass design using microstrip con-
struction on 0.025-inch-thick alumina ceramic. The length of the resonators
is approximately a quarter wavelength at a center frequency of 1800 MHz. In
an interdigitated design, each resonator is grounded at one end and open at
the other end. This pattern is staggered across the filter as shaown by
Figure 3-6. This filter must have approximately 2-dB insertion loss at L-band
receive frequencies and must reject S-band receive and transmit signals by at
least 30 dB.
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Table 3-3. Transmit Phase Adjust Circuit,

Automatic Network Analyzer Test Data

Conn device - Transmit phase adjust S/N 1; P/N SK446987; 5/12/75; DRD

FREQUENCY REFL  ANGLE RTN LS VSWR GAIN PHASE DELAY

2100.000 0.149 -105.9 16.5 1.351 -2.28 -160.6 0.702
2120.000 0.148 -107.4 16.6 1.348 -2.35 -165.7 0.728
2140.000 0.148 -108.3 16.6 | 1.346 -2.41 -170.9 0.686
2160.000 0.144 -108.5 16.8 1.338 -2.45 -175.9 0.685
2180.000 0.143 -109.0 16.9 1.334 -2.50 179.2 0.791
2200.000 0.151 -109.5 16.4 1.357 -2.60 173.5 0.728
2220.000 0.151 -110.9 16.4 1.354 -2.66 168.3 0.626
2240.000 0.139 -108.8 17 1.322 -2.61 163.7 0.656
2260.000 0.131 -111.2 17.7 1.301 -2.67 159.0 0.701
2280.000 0.128 =}13.2 17.9 1.293 -2.70 154.0 0.725
2300.000 0.126 -115.6 18.0 1.287 -2.75 148.8 0.726
2320.000 0.124 -118.4 18.2 1.282 ° ~2.75 143.5 0.718
2340.000 0.124 -121.8 18.2 1.282 -2.79 138.4 0.752
2360.000 0.126 -125.8 18.0 1.288 -2.83 132.9 0.722
2380.000 0128 -130.1 17.9 1.293 -2.90 127.7 0.734
2399.999 0.131 -134.5 17.7 1.300 -2.92 122.5 0.734
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Table 3-4.

L-Band Circulator (P/N 1419-1123),
Automatic Network Analyzer Test Data for Through Path

Conn device - TRAK L-band circulator; P/N 1419-1123; S/N 72105, port 2 to
port 3 6/6/75; DRD

FREQUENCY REFL ANGLE RTN LS
1500.000 0.443 123.2 7.1
1525.000 0.396 116.9 8.0
1550.000 0.351 110.3 8.1
1575.000 0.309 102.4 10.2
1600.000 0.284 94.1 10.9
1625.000 0.267 87.9 11.5
1650.000 0.241 82.5 12.4
1675.000 0.210 73.8 13.6
1700. 000 0.196 64.2 14.2
1725.000 0.180 56.2 14.9
1750.000 0.158 48.1 16.0
1775.000 0.133 36.5 17.5
1800.000 0.114 21.3 18.8
1825.000 0.099 6.1 20.1
1850.000 0.084 -10.5 21.5
1875.000 0.071 -30.0 22.9
1900.000 0.062 -50.8 24.1
1925.000 0.057 -75.0 24.9
1950.000 0.058 -101.1 24.7
1975.000 0.066 -120.6 23.6
2000.000 0.072 -136.6 22.8
2025.000 0.079 -151.9 22.0
2050. 000 0.088 -164.4 21.1
2075.000 0.098 -174.6 20.2
2100.000 0.105 176.2 19.6
2125.000 0.112 166.6 19.0
2150.000 0.120 156.0 18.4
2175.000 0.126 145.8 18.0
2199.999 0.130 134.5 17.7

_— e et e e e e e e e ed e ed e e el ed ed e e ed ed e e NN N

VSWR  GAIN  PHASE  DELAY
.589  -2.06  -94.5  1.048
311 -1.65  -104.0  1.198
.083 -1.64 -114.8  1.401
.894  -1.55  -127.4  1.272
793 -1.19  -138.8  1.078
729 -0.99  -148.5  1.212
634 -1.05  -159.4  1.378
531 -0.97  -171.8  1.206
.488  -0.80  177.3  1.241
.438  -0.78  166.1  1.257
.376  -0.62  154.8  1.052
.306  -0.46  145.4  1.043
258  -0.59  136.0  1.278
220 -0.81 124.5  1.336
183 -0.68  112.4  1.080
153 -0.40  102.7  0.975
I8 =051 94.0  1.268
121 -0.75 82.5  1.298
124 -0.69 70.9  1.069
142 -0.50 61.2  0.944
156 -0.55 52.7  1.110
172 -0.80 42.7  1.285
194 -0.85 31.2  1.087
217 -0.71 21.4  0.996
.234  -0.75 2.4 1.118
251 -0.87 2.4 1.079
272 -0.89 -7.3  1.040
.289  -0.99  -16.7  1.103
300 -1.17  -26.6  1.103

w
1

—

N
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Table 3-5. L-Band Circulator (P/N 1419-1123),
Automatic Network Analyzer Test Data for Isolated Path

Port 3 to Port 2

FREQUENCY REFL ANGLE RTN LS VSWR GAIN PHASE DELAY
1500. 000 0.388 -166.7 8.2 2.267 -10.40 166.6 1.575
1525.000 0.334  -173.3 9.5 2.002 -10.55 152.5 1.408
1550. 000 0.286 -178.9 10.9 1.800 -10.96 139.8 1.514
1575.000 0.244 176.4 12.3 1.644 -11.79 126.2 1.796
1600.000 0.208 172.8 13.6 1.526 -12.48 110.0 1.564
1625.000 0.175 169.5 15:1 1.424 -12.93 95.9 1.343
1650.000 0.150 166.6 16.5 1.862 -13.87 83.8 1.537
1675.000 0.125 164.8 18.0 1.287 -15.10 70.0 1.572
1700.000 0.104 163.0 19.6 1.233 -16.10 55.9 1.401
1725.000 0.083 161.8 21.6 1.182 -17.16 43.3 1,135
1750.000 0.065 162.6 23.8 1.138 -18.48 33.0 1.243
1775.000 0.046 169.6 26.8 1.096 -20.14 21.9 1.221]
1800.000 0.032 -170.9 30.0 1.066 -21.92 10.9 0.982
1825.000 0.030 -137.4 30.5 1.062 -23.91 2.0 0.630
1850.000 0.041 -113.7 £7 .1 1.086 -26.01 -3.7 0.239
1875.000 0.058 -105.7 24.7 1.124 -28.42 -5.8 0.519
1900. 000 0.077 -104.2 £22.3 1.167 -30.49 -1.1 1.191
1925.000 0.091 -107.9 20.9 1.199 -31.64 9.6 0.860
1950.000 0.109 -113.9 19.3 1.243 -31.54 7.3 0.326
1975.000 0.128 -119.6 17.8 1.295 -30.45 20.3 0.149
2000.000 0.143 -123.4 16.9 1.333 -29.77 18.9 0.681
2025.000 0.152 -129.5 16.4 1.359 -28.88 12.8 1.025
2050.000 0.163 -136.9 154 1.391 -28.51 3.6 1.232
2075.000 0.176 -144.0 5.1 1.428 -28.46 «7.5 1.009
2100.000 0.189 -150.2 14.5 1.466 -28.82 -16.6 1.140
2125.000 0.196 -156.4 14.2 1.486 -29.61 -26.8 0.717
2150.000 0.202 -164.8 13.9 1.507 -31.41 -33.3 0.147
2175.000 0.212 -174.0 13.5 1.537 -34.18 -32.0 2.566
2199.999 0.216 176.7 13.3 1,552 -36.20 -8.9 2.566

Equipment Group



[ 0.25 Ag —s]
INPUT O 500 1
__l_:- 370
379 —_L
3
e e
3790 .1
._.L_I 37482
370 ._l
RF
! o T Courpur

Figure 3-6. L-Band MIC Interdigitated Filter Topology

ANA test data on this L-band filter is shown in Table 3-6. This data
shows that the filter had less than 2-dB loss at 1775.5 and 1831.8 MHz. Also,
it averaged over 40 dB of rejection across the S-band transmit and receive
frequencies.

The specifications and test procedures for the inner T/R module are
also given by Texas Instruments drawing number SKDD 301 (Appendix A). The
individual module test data for the center module (MSN 002? built under this
contract is given as drawing number SKDD 302 (Appendix C). A summary of the
S-band transmitter and receiver data was included in Tables 3-1 and 3-2 for
comparison with the other modules built under this contract. The module L-
band receive loss was 3.75 dB at 1775.5 MHz and 3.39 dB at 1831.8 MHz, which
meets the module design goal of less than 4 dB.

As with outer modules, the transmitter side of the center module went
together well and met all of the design parameters. The receiver side of the
center module had the same problems with respect to gain uniformity, gain
flatness, and noise figure as previously discussed for the outer modules.
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Conn device;

Table 3-6. L-Band MIC Interdigitated Filter,
Automatic Network Analyzer Test Data

L-band filter; P/N SK446972-1; S/N 5; 5/13/75; DRD

FREQUENCY REFL ANGLE RTN LS VSWR GAIN PHASE DELAY
1500.000 0.934 129.2 0.6 29.109 -16.11 -129.5 2.405
1525.000 0.874 110.7 1.2 14.835 -11.03 -151.1 4,355
1550.000 0.615 79.8 4.2 4.198 -4.99 169.7 1.363
1575.000 0.228 141.1 12.8 1.592 -2.16 103.8 5.273
1600. 000 0.573 126.5 4.8 3.687 -3.5] 56.3 3.565
1625.000 0.614 100.1 4.2 4.182 -3.89 24.2 3.542
1650.000 0.502 73.2 6.0 3.020 ~2.92 -7.7 4.230
1675.000 0.245 48.3 12.2 1.650 -1.79 -45.7 4.699
1700.000 0.127 129.0 17.9 1.292 -1.59 -88.0 4.329
1725.000 0.312 120.8 10.1 1.905 -1.94 -127.0 4.014
1750.000 0.347 96.1 9.2 2.061 -2.07 -163.1 4.189
1775.000 0.250 75.9 12.1 1.666 -1.89 159.2 4.616+
1800.000 0.136 96.5 17.3 1.314 -1.66 117.7 4.616
1825.000 0.214 117.0 13.4 1.543 -1.82 76.1 4.538+
1850. 000 0.245 94.5 12.2 1.648 -2.04 35.3 4.830
1875.000 0.131 68.4 17.6 1.303 -1.89 -8.2 5.223
1900. 000 0.098 168.8 20.2 1.216 -2.04 -55.2 $.639
1925.000 0.221 141.6 13.1 1.566 -2.52 -106.0 6.531
1950.000 0.112 137.2 19.0 1.253 -2.75 -164.7 8.382
1975.000 0.325 174.4 9.8 1.962 -4.23 119.8 12.723
2000.000 0.494 -175.5 6.1 2.950 -9.,73 5.3 6.621
2025.000 0.825 141.2 7 10.445 -31.57 -54.3 10.032+
2050.000 0.872 117.7 1.2 14.636 -42.87 36.0 0.241
2075.000 0.893 101.6 1.0 17.737 -42.04 38.¢2 0.906
2100.000 0.911 88.3 0.8 21.360 -43.54 30.0 1311
2125.000 0.918 76.7 0.7 23.424 - -45.55 18.2 0.920
2150.000 0.922 66.1 0.7 24.525 -47.68 10.0 1.208
2175.000 0.923 56.3 0.7 25.085 -49.85 -0.9 0.604
2200.000 0.920 46.9 0.7 23.884 -52.11 -6.3 0.723
2225.000 0.921 37.9 0.7 24.398 -53.70 -12.9 0.200
2250.000 0.921 29.0 0.7 24.397 -55.32 -14.7 0.036
2275.000 0.°72 20.4 0.7 24.712  -56.37 -15.0 0.350
2300.000 0.927 11.8 0.7 26.377 -57.45 -18.1 0.419
2325.000 0.935 3.2 0.6 . 29.782 -58.18 -21.9 0.036
2350.000 0.939 -5.3 0.6 31.581 -59.97 -22.2 0.122
2375.000 0.943 -13.6 0.5 34.269 -60.45 -21.1 0.394
2400.000 0.951 -21.8 0.4 39.486 -59.69 -24.7 0.696
2425.000 0.948 -30.1 0.5 37.798 -59.97 -18.4 0.327
2450.000 0.946 -38.1 0.5 35.989 -58.97 -21.4 0.020
2475.000 0.950 -46.1 0.4 38.736 -59.78 -21.2 1.131
2499.999 0.949 -54.2 0.5 38.354 -59.73 -11.0 1.131
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G SUMMARY AND RECOMMENDATIONS

In summary, the modules went together well and met the majority of design
parameters. There was no problem with the transmitter side of the modules,
which ha? performance data very close to the original breadboard module
(MSN 001).

The receiver section had a few problems originating in the AT-4641
transistor shipment. Overall, the receiver met the majority of design para-
meters and worked well enough to give good antenna array performance. The
following 1ist describes the areas in the receiver side that need improvement
for the next module design.

1. Add a variable thin-film attenuator pad between the low-noise
amplifier and the receiver phase shifter so that module receiver
gain can be set at 30 #1 dB. This will ensure a more uniform
module-to-module gain.

2. Place tighter specification windows on the low-noise amplifier
AT-4641 transistors. This will ensure that the gain flatness
and noise figures will be met for a given low-noise amplifier
circuit design. The parameters to be more restrictive are
the S parameters (especially S;; and S,,) and source
impedance for optimum low-noise figure.

3. Add grounding posts at quarter-wave intervals in the module
(especially on the receiver side) to prevent any spurious
oscillations due to cavity-type moding.

4. Add a grounding clip between the combline filter and the
module cover for better grounding on this unit, which will
result in better transmitter rejection.

5. Improve the phase alignment test procedure for better
module-to-module phase length uniformity. Overall,
transmit and receive phase length variations should be
reduced to less than +10 degrees.

With these improvements incorporated into future SPACS modules, better
array performance can be assured. These improvements should reduce overall
module production costs and simplify module testing.
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SECTION IV
DC AND LOGIC MANIFOLD DEVELOPMENT

The second major item developed on this contract is a dc and logic
mutlilayer board (MLB) manifold. A1l dc and logic signals enter the array
through a 31-pin MS connector located on the array outer housing. The
connector pin assignment is detailed in Texas Instruments drawing number
SK446943. From this connector, all dc and logic signals are routed to the dc
and Togic manifold through a short wiring harness. The details of this
wiring harness are covered by Texas Instruments drawing number S$K446985.

This wiring harness has two branches. A1l dc signals enter a 15-pin miniature
connector located on the dc and logic manifold (pin assignments for this
connector are detailed in Texas Instruments drawing number SK446979). All
logic signals enter a 31-pin miniature connector located on the dc and logic
manifold (pin assignments for this connector are detailed in Texas Instruments
drawing number SK446980).

In future contracts, a small steering controller will be developed
capable of taking five serial logic commands as inputs and converting them to
the proper logic commands to input to each of the six T/R microelectronics
modules. This steering controller module will eventually plug into the 31-
pin logic connector on the dc and logic manifold.

The dc and logic manifold takes the major dc and logic input signals
from the array input connector and properly routes them to each of the seven
modules. In addition to the two connectors already described, the dc and
logic manifold has seven additional 15-pin miniature connectors. The pin
assignment for six of these connectors is detailed by Texas Instruments
drawing number SK446982, and the seventh connector is covered by Texas
Instruments drawing number. SK446981.

Figures 4-1 and 4-2 show the dc and logic manifold designed, fabricated,
and tested on this contract. As shown by these figures, three clearance holes
for each module are drilled in the dc and logic manifold to provide access to
the RF connectors that go to the transmit manifold, receive manifold, and

. antenna elements.

The dc and logic manifold, constructed of 12 conductor layers, is 10.4
inches in diawccer and 0.095 inch thick. It contains six plastic insulating
sheets with copper on both sides of the sheet. After etching each conductor
layer with the proper artwork, the sheets are bonded together with glass
cloth and epoxy adhesive. Holes that feed through to connect each of the
proper layers are plated through using special techniques. Detailed dimensions
and construction techniques are covered in Texas Instruments drawing number
SK446976.
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Figure 4-2. SPACS II DC and Logic Manifold, Top View
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After routing and drilling the clearance holes, a special plating
material is deposited on the outer ground planes. Following fabrication, the
board is checked with an ohmmeter to ensure good electrical continuity. The
interconnection diagram is covered in Texas Instruments drawing number
SK446988.

After checkout, the manifold miniature connectors are installed and
soldered into place. Following assembly, final electrical tests and mechanical
inspections are performed in accordance with Texas Instruments drawing number
SKDD 501 (Appendix D). These tests and inspections ensure overall compati-
bility with the array requirements.

The 12 individual conductor layers that make up the dc and logic mani-
fold are listed in Table 4-1.

Table 4-1. DC and Logic Manifold Conductor
Layer Assignment

Table of Layers

Copper Weight

No. Description Remarks (ounceg)
L1 Top layer and ground Pads and plane o
L2 Power, +22 Vdc Plane 1
L3 Signal, transmitter

clock Conductor lines 1
L4 Power, +12 Vdc Conductor lines 1
LS Signal, receiver clock Conductor lines 1
L6 Power, +5 Vdc Plane 1
L7 Signal, 45° bit Conductor lines 1
L8 Ground Plane ' 1
L9 Signal, 90° bit ~ Conductor Tines 1
L10 Signal, Enable Plane 1
L11 Signal, 180° bit Conductor lines 1
L12 Bottom layer and ground Pads and plane 1

Some layers are purely conductor planes (solid conductors) and other layers
have signal lines etched on them.

In summary, the dc and logic manifold was designed, built, and tested.
It performed well electrically and was mechanically compatible with the rest
of the array hardware, including the T/R microelectronics modules. All dc
paths have sufficient safety margins to carry the required current levels. A1l
logic signal paths provide sufficient isolation to prevent signal crosstalk
between layers. The dc and logic manifold works perfectly.
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SECTION V
ARRAY INTEGRATION AND SUBSYSTEM TESTS

A. ARRAY INTEGRATION

The third major task required by the contract was the integration and
testing of all antenna subsystem hardware developed for Contract NAS9-14196
with the hardware developed for this contract. The hardware involved with
this effort is listed below:

Antenna elements and balun board
Transmit RF manifold
Receive RF manifold

DC and logic manifold

One BB T/R outer module
Five EM T/R outer modules
One EM T/R center module
Array housing

Short array wiring harness
Three RF semirigid cables
Finned heatsink and fan.

No problems were encountered during hardware integration; all hardware
was compatible from both mechanical and electrical standpoints. The only
minor difficulty encountered during testing was the array overheating. The
array was tested on an outdoor antenna range with temperatures reaching 105°F.
In addition, RF-absorbing insulation was placed around the back of the array
to prevent reflections when using the standard gain horn reference unit. This
material prevented any air flow around the array. The array will eventually
have a liquid-cooled heatsink incorporated as an integral part of the unit.

To prevent the breadboard array from overheating during testing, a finned

heatsink and fan (+26 Vdc at 180 mA) was added to the back of the array. This
reduced the ar-\y temperature from 60°C to 30°C.

Figures 5-1 through 5-5 show the integrated antenna subsystem configura-
tion that was tested. Overall array dimensions, including the finned heatsink,
are 10 inches in diameter (array body) by 7 inches deep. Final weight of the
shipped array was 17 pounds.

B. ANTENNA ARRAY SUBSYSTEM TESTS

The SPACS II antenna array subsystem was tested on an outdoor antenna
range at Texas Instruments, Dallas. The array was mounted in a large curved
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Figure 5-1. SPACS II Antenna Subsystem,
Antenna Element View
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Figure 5-3.

SPACS II Antenna Subsystem, Internal View
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SPACS II Antenna Subsystem, Front View
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ground plane (Figure 5-6) which was then attached to an antenna positioner on
antenna range number 4 (Figure 5-7).

Standard microwave signal generators and amplifiers were used to drive
the array and standard gain reference horns. The SPACS II array was powered
from commercial power supplies located on the ground. The dc and logic signals
were supplied to the array at the top of the positioner boom through a special
35-foot umbilical cord. The dc and logic signals were generated and controlled
by two manual control boxes located on the ground.

The SPACS II antenna array subsystem was tested according to test
procedure SKDD401 (Appendix E). Final data is summarized on the data sheets
included in this appendix.

The four antenna array S-band transmit patterns for the subsystem are
shown in Figure 5-8, the four S-band receive patterns are shown in Figure 5-9,
and the four central (single) element L-band receive patterns are shown in
Figure 5-10.

Table 5-1 contains a summary of these patterns. Compare these results
with the array design goals listed in Table 2-1. The S-band transmitter EIRP
design goals are 24 dBW on boresight and 18 dBW for 50- and 70-degree scan
angles in the roll and azimuth planes respectively. The array comes very
close to meeting these requirements within the measurement accuracy of the
test equipment. The S-band receiver gain design goals are 31.5 dB on bore-
sight and 25.5 dB at 50- and 70-degree scan angles in the roll and azimuth
planes respectively. The array exceeds these goals by at least 8 dB. The
L-band receive gain design goal was a 0-dB gain omni antenna followed by a
4-dB module Toss and a 0.5-dB cable and connector loss. According to the
data in Table 5-1, these figures are also very close to the design goals.

C. SUMMARY AND RECOMMENDATIONS

A review of the SPACS II antenna array subsystem antenna patterns and
data shows that overall performance is good. The transmitter gain and EIRP
values are very close to the design goals, and the receiver gain values
greatly exceed the design goals. In general, array integration and tests
went smoothly.

The following recommendations are suggested for future studies and tests
on the array supsystem:

1. Obtain more antenna data at additional frequencies and planes
of cut off the major axis.

2. Conduct antenna noise figure (or temperature) measurements.

3. Measure array dynamic steering performance. Look for changes
in phase and amplitude performance.
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SPACS 1II Seven-Element Antenna Array

Subsystem Receive Patterns
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Table 5-1. Summary of SPACS II Antenna
Array Subsystem Performance

. Gain Transmit
Frequency : Scan Angle cp EIRP
(MHz) Plane of Cut (degrees) (dB) (dBW)
A. S-Band Transmit Azimuth plane
2217.5 0 30.0 23.5
2217.5 35 28.1 21.6
2217.5 70 24.0 17.5 .
2287.5 0 29.4 22.9
2287.5 35 28.4 21.9
2287.5 70 23.8 17.3
B. S-Band Transmit- Roll plane
2217.5 0 30.2 23.7
2217.5 25 28.2 . 21.7
2217.5 50 26.5 20.0
2287.5 0 29.3 22.8
2287.5 25 28.6 22.1
2287.5 50 26.2 19.7
C. S-Band Receive Azimuth plane
2041.9 0 39.9
2041.9 35 38.4
2041.9 70 34.2
2106.4 0 38.6
2106.4 35 37.1
4 70 33.1

2106.
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Table 5-1. (Continued)
. Gain Transmit
Frequency _ Scan Angle cp EIRP
~ (MHz) Plane of Cut (degrees) (dB) (dBW)
D. S-Band Receive " Roll Plane

2041.9 0 39.7

2041.9 25 38.6

2041.9 50 36.2

2106.4 "0 38.3

2106.4 25 37.9

2106.4 50 34.6

E. L-Band Receive Azimuth plane

1775.5 0 -5.5

1775.5 35 -3.3

1775.5 70 -5.0

1831.8 0 -4.0

1831.8 35 -3.5

1831.8 70 -5.0

F. L-Band Receive Roll plane

1775.5 0 -5.8

1775.5 25. -4.2

1775.5 50 -4.2

1831.8 0 -6.5

1831.8 25 -4.0

1831.8 50 -4.3
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Find the optimum steering algorithms to reduce phase
transients.

Experiment with the shuttle TPS material in front of the
array to study any effects on gain, phase, and antenna
patterns. A :

Transmit and receive phase-modulated signals through the
array to study the effect of the array on signals.

Perform array receive experiments using spread spectrum
signals to see the effects of the array.
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SECTION VI
SUMMARY AND RECOMMENDATIONS

A. INTRODUCTION

This section summarizes the October 1975 status of the phased array
development work for NASA Johnson Space Center under contract NAS9-14485,
The example array application is the Space Shuttle Orbiter. The phased array
development is known by the acronym SPACS which stands for S-band phased
array communication system. SPACS was developed as a research program to
improve the operation of the TDRSS to orbiter link and provide data with which
to compare the baseline system. If adopted, it would be a part of the. S-band
network equipment. '

The S-band communication system on the Space Shuttle is the voice and
data 1ink between the Shuttle and TDRSS (relay) satellite.

B. ENGINEERING MODEL SPACS II ANTENNA ARRAY SUBSYSTEM
The following list presents the four major tasks required by this contract:

1. Fabricate and test five outer modules identical to the one
designed and built under NASA contract NAS9-14196.

2. Design, build, and test a center module with additional
L-band receive capability and having no S-band transmit
or receive phase shifters.

3. Design, build, and test a dc and logic multilayer manifold
compatible with array and module requirements.

4. Integrate all hardware built under NASA contracts NAS9-14196
and NAS9-14485 into an antenna array subsystem and perform
the major antenna tests on this subsystem.

A1l these tasks were completed and a summary of these tasks has been
discussed in t-is report. Overall, the performance on these tasks was very
good. '

Table 6-1 shows an abbreviated description of the SPACS performance
based on SPACS II measurements. Unlike a mechanically scanned antenna, the
gain of an electronically scanned antenna varies with scan. The values of the
figures of merit employed, EIRP, and gain noise temperature figure contain
this variation and are stated as worst case values at the edge of coverage as .
well as at the broadside. Gains and module power outputs used in Table 6-1
were measured in August 1975 at Texas Instruments.
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Table 6-1. Summary of SPACS II System Performance

Seven-element S-band antennas spaced at 90-degree intervals about the space-

craft

Power

(four)

Minimum EIRP over a 100 by 140
degree cone

Maximum EIRP at broadside
Input power level

Minimum gain/noise temperature
over a 100 by 140 degree cone

Maximum gain/noise temperature
at broadside

Receive electronic gain
DC power

Weight

Transmit frequencies

Receive frequencies

Dimensions

conditioner/coordinate converter

17.5 dBW

24 dBW

30 dBm at switch input
(1 watt)

-25 dB/°K

-18 dB/°K

30 dB

196 watts (22 to 30 volts),
including steering
controllers

17.0 pounds each array
(four arrays)

2217.5 and 2287.5 MHz

2041.9,.2106.4 MHz
1775.9, 1831.8 MHz

10.68-inch diameter by
7-inch height

Provides conditioned dc voltages to each array

Converts pointing angles for the system into array angles for

correct phasing of modules

Equipment Group
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C. RISK AREAS AND IMPROVEMENTS

The only possible risk areas for a SPACS II array are thermal environment
and vibration specifications. Under the thermal boundary conditions defined
for the array in this contract, a low volume liquid loop from the vehicle is
necessary to maintain the required temperature range of the array. With this
1iquid Toop, all worst case missions can be met. If a liquid loop cannot be
supplied, several worst case hot temperature conditions could not be met, but
the majority of normal (nominal) flight missions could be met using an array
self-contained 1iquid loop mounted to the bondline of the aircraft.

Further thermal definition and study should be conducted in coordination
with NASA thermal designers to set all boundary conditions and thermal design
methods. The thermal liquid loop is not a great risk, but more design work
should be done to complete design details and control methods.

The vibration requirements during reentry and launch could be a problem
depending upon the level of vibration and axis of vibration. The present
SPACS II array is designed for use in fighter-type aircraft (MIL-E-5400 vibra-
tion specifications). Further study, definition, and design should be done to
ensure the SPACS flight model meets all NASA shuttle vibration requirements.
This does not appear to be a serious risk area.

Numerous improvements on the SPACS II breadboard mechanical, electrical
and reliability performance can be made. It was not the intent of this
research contract to build a flight-qualified item. Some areas for future
improvements are reduced system weight, lower system power (higher efficiencies
in module), lower system noise temperature, and increased antenna gain. All
these areas can be improved with further work.

D. SUMMARY AND CONCLUSIONS

The initial work on this development was formulated in the fall of 1973
during a technical discussion at NASA Johnson Space Center. The contract
known as SPACS I, NAS9-14196, was initiated in early summer of 1974 for develop-
ment of the antenna, feed networks and prototype module. In early 1975, sub-
sequent scope was added which called for the construction of additional modules.
That additional scope is shown in the schedule in Table 6-2. This second

- contract (SPACS II, NAS9-14485) was completed in October 1975. A summary of

the major anterna array subsystem performance for this .contract is shown in
Table 6-3.

The development of the SPACS array is an outgrowth of the technology
developed for NASA MSFC under contract NAS8-25847 by Texas Instruments and the
hardware under this MSFC contract was used to the maximum extent possible.

This SPACS II program was very successful-and the majority of a]]vdesign
goals were met. The system design outlined and detailed in this final report
appears to be a very competitive approach for the S-band communication system
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Table 6-2. SPACS Contract Schedule

CURRENT STATUS (1 October 1975)

SPACS I Program

Developed and Tested

Seven-element antenna
RF feed networks
One breadboard outer module

Data

Monthly reports
Final report
New technology report

SPACS fI Program

Developed and Tested

Development and delivery of one center module

Development and delivery of five additional outer modules
Development of a dc and logic manifold _

Integration and testing of the antenna array subsystem

Schedule
Contract received 3 January 1975
Received all parts 15 May 1975
Completed module assembly and test 15 July 1975
Completed dc feed network 15 June 1975
Completed antenna subsystem tests 15 August 1975
Final report 15 October 1975

Data

Monthly reports
Final report
New technology report

6-4 E qu)‘pment Group
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Table 6-3. SPACS II Major Antenna Subsystem Parameters

Transmitter at 2217.5 MHz and 2287.5 MHz

EIRP, minimum, 70- by 50-degree
elliptical scan

EIRP Boresight
Gain (electronic)

Receiver at 2041.9 MHz and 2106.4 MHz
Gain (electronic + antenna)
Noise figure (estimate)

Antenna Beamwidth

" L-Band Receive at 1775.5 MHz and 1831.8 MHz

Center antenna gain
Module and cable loss
Array Body Diameter

Array thickness (including finned heatsink
and fan)

Weight

DC power (total array)

17.5 dBW

24 dBW

22 dB minimum

33 dB minimum
6 dB nominal

38 degrees (nominal)

0 dB (nominal)
4 dB (nominal)

10.68 inches maximum

7 inches

17 pounds nominal

+22 Vdc at' 5.5 amperes maximum

+12 Vdc at 0.4 amperes maximum
+5 Vdc at 0.6 amperes maximum

Total power 'input = 130 watts

6-5
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for the Space Shuttle. In many areas, the SPACS sysfem offers significant
advantages over omni and passive phased array systems. '

Areas for future development are a triplexer module, a steering (logic)
controller, and dc power conditioner and coordinate converter unit. Texas
Instruments will welcome the opportunity to expand the technical foundation
laid in this effort. We are confident that continued development of the type
of spacecraft antenna array described herein will lead to a useful flight
subsystem applicable to a number of spacecraft uses including Space Shuttle,
Space Tug, and Shuttle Payload experiments.
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I11.

SPACS II - TRANSMIT/RECEIVE MNDULE TESTING

INTRODUCTION

The purpose of this document is to describe the test procedure for the SPACS II
transmit/receive microelectronics rodule. This measured data is to be compared
to the design parameters as defined in statement of work by paragraphs 3.1
through 3.2.2.5 of the contract NAS9-14485. A summary of these requirements

is shown in the appendix of this test procedure.

MODULE TRANSMITTER TESTS

The transmitter side of the module will be tested using a Hewlett-Packard

Automatic Network Analyzer (ANA) Model 8542A modified for high power measurements.

The measurement will be controlled by a Texas Instruments developed software
program (APAM1-1, Automatic Power Amplifier Measurement) based upon the HP854D
software series.

The test setup for this transmitter test is shown in Figure 1. An example
ANA printout is shown by Figure 2. The device under test shown in Figure 1
will be the transmitter side of the SPACS II module.

In addition to the data shown by the printout of Figure 2, current on each
of the power supply lines (+5V, +12V, and +22 voltsg will be recorded from
VOM readings at the minimum (0°) phase setting for each power level. A
summary of this data will be recorded on the data sheets in SKDD302 labeled
Table I. The data will be taken at room temperature (25°C) only.

MODULE RECEIVER TESTS

The receiver side of the module will be tested using a Hewlett-Packard
Automatic Network Analyzer (ANA) Model 8542A under small signal conditions.
The measurement will be controlled by a HP software program AGS03.

This measurement will use the same test setup as shown in Figure 1 with the
exception of substitution of the HP 8746 Test Unit for the HP 8745 Test Unit.
An example printout of the type of data measured is shown by Figure 3. The
device-under-test shown in Figure 1 will be the receiver side of the SPACS Il
module. '

In addition to the data shown by the printout of Fiaure 3, current on the
power supply lines (+12V and +5 volts) will be recorded from VOM readings
at the minimum (0°) phase setting. Power input to the antenna connector
of the module will be -40 dBm to insure that the receiver amplifier 1s
being operated in its linear (uncompressed) region.

A summary of this data will bea recorded on the data sheet in SKDD302 labeled
Table II. The data will be taken at room temperature (25°C) only.
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INPUT POWER LEVEL CORRECTION FACTOR, ADD +6 oBM |
GAIN CORRECTION FACTOR, ADD +23 DB !

TASK, TYPE? 2,1

Rk - gtast =

ER R

OUTPUT POWER CORRECTION FACTOR, ADD +25 DBRM ‘

NZW MEAS? Y :

CONN DEVICE...0 DEGREES SPACS 11 MODULE - TRANSMITTER SECTION :

FREQ REFL VSHR P IN GAIN PHASE P ouT

POWER LEVEL = 6.00 DBM

2217.500 .108 1.241 6.00 .32 -91.8 6.32 ,

2252.500 .215 1.549 5.97 1.4 75.5 7.37

2287.499 .382 2.235 5.98 -.23 -104.3 5.74

POWER LEVEL = 7.00 DBM

2217.500 177 1.43) 6.96 -.48 -89.3 6.48

2252.500 .165 1.395 7.0 .63 77.4 7.63 E
2287.499 .324 1.959 6.99 -.23 -110.8 6.76 '€

POWER LEVEL = 8,00 DBM '

2217.500 .238 1.626 8.01 -1.42 -97.3 6.59

2252.500 .180 1.438 7.99 -.23 78.6 7.75

2287.499 .259 1.699 7.96 -.76 -112.9 7.20

R

GRADE =  51.665

i

FIGURE 2. ANA PRINTOUT FOR TRANSMITTER MEASUREMENT (APAMI-1)
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2,1 INPUT POWER = =40 DBM
GAIN CORRECTION FACTOR = ADD +30 DB

NEW MEAS? Y

CONN DEVICE...45 DEGREES SPACS 11 MODULE-RECEIVER SECTION

FORWARD:

FREQ REFL  ANGLE ~ RTNLS  VSWR GAIN  PHASE
2030.000  .521  114.6 5.7 3.7 4.59 -93.8
2041.000  .397 14.4 8.0 2.318 4.06  -153.2
2052.000  .292  -99.4 10.7 1.824 3.3 150.6
2063.000  .257  162.6 1.8 1.691 3.17 102.8
2074.000  .229 53.1 12.8 1.594 3.12 54.9
2085.000  .315 - -68.2 10.0 1.918 3.25 1.3

.2096.000  .450 -158.2 6.9 2.637 3.47 -52.3
.'2107.000  .483  110.8 6.3 2.866  3.44  -106.6
2117.999  .426 -6.7 7.4 2.486 3

.55 -169.0

FIGURE 3. ANA PRINTOUT FOR RECEIVER MEASUREMENT (AGSO3)
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VI.

RECEIVER NOISE FIGURE MEASUREMENT

The receiver side of the module will be tested using an AIL Model 75
Automatic Noise Figure Meter and an AIL Model 7010 Noise Generator. This
will be a manual test using a calibrated test setup as shown in Figure 4.

This noise figure data will be recorded on the data sheet in SKDD302
labeled Table I1I. The data will be taken at room temperature (25°C) only.
This data will be compared to module design goal of 4.87 dB noise figure;
the maximum module noise figure requirement is 5.33 d8.

RECEIVER COMPRESSION POINT MEASUREMENT

The compression characteristic of the receiver will be tested using a manual
calibrated setup as shown in Figure 5.

The 1 dB compression point will be measured and recorded on the data sheet
for each of the frequencies shown in Table I11 of SKDD302. This compression
data will be compared to the module design goal of +10 dBm at 1 dB compression
point.

MODULE DUPLEX OPERATION TEST

The test set shown in Figure 6 will be utilized to conduct an evaluation of
the module in the fully duplexed mode. With the transmitter initially turned
off, a spectrum analyzer {s used to establish a -40 dBm receive signal
(2041.9 MHz) at the module antenna port. The receiver output is then
monitored and the output level is measured and recorded. When the transmitter
is then enabled (2217.5 MHz) and operated into the 1.6:1 VSWR antenna load,
the receiver output levels are again measured and recorded. Under duplex
operation the receiver gain must be greater than 25 dB and there should be

no more than 3 dB variation between gain with transmitter off and gain with
transmitter on, The same test is repeated at the upper frequency band
(transmit at 2287.5 MHz, receive at 2106.4 MHz). A}l this data will be
summarized on the data sheet in SKDD302, Table IV.

An evaluation of intermodulation distortion will also be conducted under
fully duplexed operation. The lower band test described above will be
repeated with the 1.6:1 VSWR load replaced by a load VSWR less than 1.05:1.
The module is fully duplexed and other frequency products will be observed
to be greater than 40 dB below the receiver carrier frequency level. The
50 ohm load is replaced with the 1.6:1 VSWR mismatch and other frequency
products will be observed to be greater than 20 dB below the receive carrier
frequency. The intermodulation test will also be repeated at the upper
frequency band (transmit at 2287.5 MHz, receive at 2106.4 MHz). No inter-
modulation products greater than 20 dB below the receive carrier frequency
will be observed for either antenna port termination. .
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VII.

The module will also be evaiuated in the fully duplexed mode with puised
modulation on the receive carrier freaueincy such that a <ir x/x frequency
spectrum is established with 4.6 MHz barween secornd nulls. As viewed on a
spectrum analyzer log display, no visible receiver distortion should occur
for the transmitter-on under duplex operation. Pictures of these modulated
receiver signals will be taken and attached to data sheets (SKDD302),

Table V. These pictures wili be at bozh receive frequencies with transmittsr
on and off. The only discernable chanqe between transmitter on and off
should be a drop in amplitude at all trequencies due to some receiver
compression. This will not affect receiver performance.

HODULE L-BAND OPERATIONAL TEST

This test applies only to those moduies with L-Rand receive capability
(center modules, SK446962-1). The L-2and nortion ¢f the module will pa
tested using a Hewlett-Packard ANA Mcc: R5424 ynder small siand: candities.
The measurement will be contralled bv a nP soitware program AG3N3.

This measurement will use the same test setup as shown in Figure 1 with tne
exception of the HP8746 test unit for the HP8745 test unit. The device-
under-test will be the L-Band receive portion of the SPACS Il module. Input
power level will be -20 dBm.

A surmary of this data will be recorded in Table VI. The transmission loss
should be less than 4 dB at 1775.5 and 1831.8 MHz. This corresponds to a
noise temperature of less than 440°K. Noise temperature will not be measured
since all losses are ohmic and no active devices are located in this path.
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APPINDLY

TRANSMIT/RECE IVE MICROFLICTRONICS MODULE
DESIftl SPTOIFICETION

MODULE TECHNICAL REQUIREMINTS

Transmitter

Bandpass Characteristics

Center Frequency

The nominal center frequency shail be fT=2252 MHz.

Bandpass

+ 55 Mz centered at fT (1 d6 - 8u}

Bandshape

The bandshape shall be such that the osutput signal level described in

paragraph 1.1.2.2.2 is achieved at each of the frequencies described
in paragraph 1.1.2.1.1, and that the response + 2304 KHz from either of

the frequencies described in paragraph 1.1.2.171 varies less than 0.5 dB.

Response 100 MHz from Center of Bandpass

Attenuation at + 100 MHz from fT is more than 10.dB with respect to

response at fT.
Response 150 MHz from Center of Banipass

Attenuation at + 150 MHz from f, is wore than 20 dB with respect to
response at fT.

Signal Characteristics
Input Signal
Type

The input signal shall be a single angle modulated carrier operating
at either one of two carrier frequencies, 2217.5 or 2287.5 MHz.
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1.1.2.1.2 Modulation Width )
The extent of the input signal spectrum shall be 2304 KHz from the
carrier frequency to the second null-of the spectrum.
1.1.2.1.3 Power Level
The input transmit signal at the input connector of each transceiver
module shall be 13 dBm + 1 dB..
1.1.2.2 Output Signal
1.1.2.2.) Characteristics
The- output signal shall be a replica of the single carrier input signal
within the bandwidth of Paragraph 1.1.1.2.
1.1.2.2.2 Transceiver Module Power Qutput
The output power from each module at either frequency of Paragraph 1.1.2.1.1
will be no less than 35 dBm when terminated in a nominal 50 Q load having
a VSWR no greater than 1.5:1,
1.2 Receiver .
The specifications for the receiver portion of .the system are limited to
the transceiver modules inasmuch as the system tests which validate the
receiver performance are not included in this scope of work.
1.2.1 Bandpass Characteristics
The receiver has two frequency bands: one in S-band nominally centered
at 2074 MHz (f,.) and one in L-band nominally centered at 1804 MHz
Only tﬁ§ center module will have an L-band frequency lead. The
baﬁhpass centered about the above center frequencies will be the following:
1.2.1.1 S-band Bandpass
87 MHz centered at fRS (0.5 dB - BW).
1.2.1.2 L-band Bandpass
62 MHz centered at fRL (0.5 dB - BW)
1.2.1.3 S-bar4 Bandshape .
The bandshape shall be such that the gain (described in Paragraph 1.2.2.2
and noise temperature described in Paragraph 1.2.2.4 shall be achieved at
each of the S-band frequencies described in Paragraph 1.2.2.1) varies less
than 0.5 dB.
SIZE CODE IDENT NO ORAWING NO
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1.2. L-band Bandshape
The bandshape shall be such that the icss described in Paraqraph 1.2.2.3
and the noise temperatur2 describe¢ in Paragrap> 1.2.2.5 shall be achizved
at each of the L-band frecuencies described in Paragraph 1.2.2.1.1 and
the response * 2304 ¥Hz €roc either of the L-bard frequencies describud
in Paragraph 1.2.1.1 variag Jess thnn 9.5 dB. Inly the center modile
has L-band capability. ’
1.2. Attenuation at fp * 100 MHz from f.. is no lass than !5 d with respect
to carrier with 55 dB ac a design gnai.
1.2, Attenuation at foo # 140 "x from .. is no lesy than 20 4R with -espect
to the carrier wgth 45 dG a5 a desi;A g0al
1.2 Attenuation at foo * 250 MHz from f.. 1s nn tesc than 69 d% with -espect
to the carrier. '
1.2. Signal Characteristics
1.2. Input Signal
The input signal shall be a single angle modulated signal operating at a
frequency of 2041.9, 2106.4, 1775.5 or 1831.8 MHz. The bandwidth of
the L-band signal is at most + 2.304 MHz from the carrier frequency to
the second null. The S-band signal bandwidth when receiving from the
ground system will be at mnst 4.6 Mhz between second nulls, The S-band
signal bandwidth when receiving from the Tracking and Data Relay ;
Satellite shall be 22 MHz. g
1.2. S-Band Receive Electronic Gain
The electronic gain to all signals in the S-band signal bandpass of :
Paragraph 1.2.1.1 shall be greater than 25 dB. This gain is. measured '
from the antenna port of a single transceiver module to the S-band ;
output port up to an output signal level of N dBm. ¢
1.2. L-Band Electronic Loss ]
The L-band electronic 10ss shall be less than 4 dB between the antenna 3
connector of the central module to the L-band output port. a
1.2. Noise Temperature (S-band) d
The S-band transceiver module noise temperature referenced to the module i
antenna connector shall he less than 700°K with a design goal of 600°K !
over any 10 MHz in the bandpass described in Paragraph 1.2.1.1 when i
terminated into a 50 ohm load at the S-band output connector. é
" Y
|
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1.2.2.5

1.3

Noise Temperature (L-band)

The L-band noise temperature of the S-band antenna subsystem referenced
to the center module antenna connector shall be less than 440°K over
any 10 MHz in the bandpass described in Paragraph 1.2.1.2 when terminated

into a 50 ohm load.

Suitable Module Temperature Range

To meet all module power, gain, noise figure and phase requirements,

the maximum module case temperature range is 0°C to +45°C.
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SPACS I1 - TRANSMIT/RECEIVE nicmELEcrnouxcs MODULE
MEASUREMENT DATA SHEETS FOR OUTER MODULES
(P/N SK784010-1) AND FOR CENTER MODULES
(P/N SK446962-1)

-’H REF: NASA/JSC HOUSTON, TEXAS
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TABLE I. SPACS Il MODULE RECORDED TRANSMITTER DATA
: (ROOM TEMPERATURE ONLY)
INPUT POWER LEVEL = +12 DBM
COMMANDED | MEASURED ww POMER POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES osens&,& VSWR DBM 0B MA
2217.5 0 817 | Refk. | |o21z 34085 |22.99 lg, * ne
45 44.4(37.3 ] 1131 |24.8% |3R. 6
90 -+ (|86,3] 1-53¢ [34-38 [22.9& Ly 40
135 —34;.5 ”é.a |v+30 ?5.]‘? aBo\J'
180 L 106.3| 188.0f - 14S | 3479 |RRX- 1R
270 M.S|2%.2] 1. 147 [25.22| 3.2
315 135.7]|202.0| |.0S" [35.a|a3.](
2259.5 0o [T [Ref (1603 [35.97 [0l |1, - 4
45 —-16L3] 29.0|2.052 |25.5%4]232.5"
90 1441 | 82:2] 1,459 |3s.%6 |23.78 Ly = %
135 105.8]12.6.3] 1,256 [36.R0 |2+ '
180 | 561]182.0[1-4at [3e.H At 4 |
225 7.1 {215.0 le 324 [26.13 24 .15 IZZV - 35—0
270 |=2a.0]2i4 ] o282 |36, 06 | 2408
315 +B8RA|3Is.0] 14679 |25.40 | a¢.00
2287.5 0 t4.¢ |Ref. |2.33% |25.03 [R3.08 |1, = _74
45 Sl.7 |33,] | R+405 [24.S8 |3a.5%
90 |=%el |78.q | 1e14% [35.4 |3 Ly =40
135 -43.6]|128.4 J. 537 |25.la [R2.1R
180 -99.0|183,.8 | 1.4\ |3S.4S |A3. %57 L, =_140
225 -132.0{2\6.€[\-913 [3+.98 [AR.1F
270 11e3]|273,5) 1. 434 |35.5/ |=33.5]
35 1394 307.4| |-789 |35.01 |R3.0]
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
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TABLE 1. SPACS I1 MODULE RECORDED TRANSMITTER DATA
: (CONTINUED
INPUT PONER LEVEL = +13 DBM
COMMANDED MEASURED ** ~ POMER POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTING| INPUT | ouTPUT GAIN CURRENTS
MHZ DEGREES oseax% VSWR DBM 08 MA
2217.5 0 4.0 |Ret. | 1427 |34.81 [R),83 S 76
90 |-6-2|q0.2]1.53¢ [3+.93 a\.‘!‘i Loy to
135 ~3(.0[120.0] |« SR 35‘:' 2:-“’
180 [~lob.of\90,0] - 310 [3t.14 RAl. Ly =_945
225 129.3]2.22.3] 1. 134 [35.08 [33.]] 22l
270 168.4/215. 61 1e2a8 [3S.238 [aa. 3]
315 137.3]30t.7| le1A) |35.11 |A2.13
2259.5 0 ~12b.6|Ref. | |.520 [36.00 [RB.01 |1, = _T0
45 ~1H42.9 ] 1.639 [35."13 |03
135 loa.8[jg20.( | 1e 171 |3¢.2& |R3.26 |
180 53.3{180.1 | 1,167 [26.40 |Q3.40 - 930
225 Y. 1 |224.3] .14 36.52|3.5& 4
270 |-33.1|26k.5] 1 1SR [ 2C. 1] R 3.0
35 ~14.4|312.8] 1.424 [36.05 |R3B.05
2287.5 0 n8.2 [Ref | 1804 [35.90 [ |1, - 06
45 49.8 |20.4] 1,109 [35.3Q [%=a.33 ,
90 -6.0|8%4.2] 1.076 |35.62|2a.63 Loy 40
135 —48,0]126.2] 1,312 |35.L9 |a&.10
180 ~100,7| N8| 1.500 |35.9) |a=-1a Lygy - 340
225 3485 212.7] 1.565 [|35.7a [Ra.03
270 163.of 2T0.2 1:Rol |25.93 | 2293
315 ]13%6 |308.6| 535 |35.80 |Aa.88
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE COOE IDENT NO ' | DRAWING NO
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TABLE I. SPACS II MODULE RECORDED TRANSMITTER DATA
(CONT INUED)

INPUT POWER LEVEL = +14 DBM

' COMMANDED MEASURED ** POMER POWER SUPPLY*
FREQUENCY | PHASE SETTING|PHASE SETTING | INPUT | ouTPUT GAIN CURRENTS
MHZ DEGREES DEGREES VSWR DBM 0B MA

- YN
2217.5 0 €5.4-IRe€ |64 [34.58 |07 f1 . - T0
a5 182.7 34N [1eBi0 [|34.8Q [ac.i
90 -S5.0| 95.4|1«58% [35.9C | &t Iy = 4o
135 -24.9 120,23 [ 1. 6% |25 A-|R1.0°
180 ~lot.4] 1§2.8 [ 1406 |2E.LE JR1.0T )y - _TT0
225 -134.0{ 224,4|1. 355 |35.20 | 21.R5
270 1690 [20s. 9 [ 1+ 240 |35. 92| 137
315 [23.0]|3e7.4] 1293 [35.17 | il
225%.5 0 |-esalRef. | LS [zsaq [anqe f1y = 76
: 45 V6708 414 [).SY) 3. 87 | R 8S
90 1401 87.0 [ 1089 | 35,93 ] w187 |1, =_H _
135 103.:J 120.6] 1. 383 | 2.30 |3a.RC
180 53.3 /80,9 | 1.04¢ |26.5522.50 0, = _Fbo
225 8.9 |225,2) 1+1M6 | 2666 22.6%2 .
270 260 |290.[ Ve 148 B6.39 j22.3¢
315 —30.2{3/4.3]| 1395 [26.1 |a3.09
2287.5 0 77,2 [Ref. [ 1637 [3¢.0 [33.03 1, = €
45 4577 | 31.5 | 1. 672 |25.9x 1608
9  |=9.9 |89, | 1.186 |25.81 |R1aS]1,, - O
135 ~44.8]127.0] 1« 363 |36.03 | a2 06
180 —108.2{ 30,4 | 1.340 | 36,258 | 2221, = _ 900
225 - 124.4 211. 8] 14 400 [36.09 2> I
270 a.3| 2649} |, 2o | 3e-59 |22 13
315 aSed [30.1] [.R81 | 3C.)16 | aa.me
b
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK 846962-1)
SIZE COOE 1IDENT NO DRAWING NO
A | 96214 | SKDD302
SCALE ISHEET 4

T1.791%C

mZi/;[




I

TABLE II. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(ROGM TEMPERATURE ONLY)
INPUT POMER LEVEL = -40 DEM
COMMANDED MEASURED ** A TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING) PHASE SETTING| INPUT GAIN DELAY CURRENTS
M2 DEGREES ossn§s¢ VSWR 08 NSEC WA
2030.9 0 |-looRete] 2283 | 3512 | I4.€ Iy, =_1S
45 —102.1] 4Rl | 24506 | 35.16 | 1449 »
90 —14),5] 878 | 2.51¢+ | 34,30 is.0 Ly * ig
135 1750 124.8| 20 225 | 23.5D| 14,77 -
180 |11.9]1gg.1 [2212 | 2461 | 1428
225 n3.5] 224, 2.041 | 34.57 4.7
270 20,9 |273.3| 2. 121 | 2%.53 | |4.88
. 315 =12.4|212.1} 1.979 | 3437 14.%0 A
2041.9 0 I Retl | 2.033|24,49 [ 13.67 L, *_1S_
‘ 65 |<iola] $2.2|2.206(34.32 | 12.5%
90 IS | 884 | 20335 23,77 | I3.10 1., = 4o
135 Hbo? {12924 |29 366 | 33.35 |13.47 '
180 5541350 [ 2.147 [3t.22| 13.44
225 14.5[226.6| 2. 1SN |34.52]|3.69
270 -3.3]272.4 2. 161 |34.55] 13.38
315 ~70.8|31.912.13) [34.68 | /3.288
2052.9 o [ims.gRet f2.0M0 [33.2¢ {I2.20 |1, = _15
45 194.1142.9 | 2.26Y |33.6) |1 P!
0 |iooR|8b.2|2e40 (83,40 [12008 |1, - 4O
135 6a.5])04,5] 20327 | 33.54 |/3.2%
180 |19 |185.1] 2443 | B3.66 | N/
225 —~3181 2268 2.51 [3¢4¢.28]/R.28%
270 - 85231 212.3| 2. 51 | 24,00 |13.13
35 ~\a&7|212f12.58 |34.08 |/3.0]
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
) SIZE | COOE IGENT NO | ] ORAWRG NO
A | 96214 SKDD302
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TABLE I1. SPACS Il MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)
INPUT POWER LEVEL = -40 DBM
: COMMANDED MEASURED ** . TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT GAIN DELAY CURRENTS
MHZ DEGREES DEGRE # VSWR D8 NSEC MA
2074.15 0 93.1| Rek| 1.667 | 23,03 j2412 gy =15
45 4T 44,2} 1681 12240 | IQ.8Y
90 2,9 |9¢c.2 le £25° |32.3} | ix .10 Iy = 49
135 —40,7|133.8]2.097 |33.36| iR-S6
180 -91.5]184.6|1.920 [|33.589 | IR
225 1306 [2247]2. 0239 | 23.57 | 1278
270 IM2[2N5.8[ 1. 999 | 33417 [ 1 RS0
315 |82.5 |[320,3|2.084 |33.2% | 1.2
2095. 4 0 —4.2|ReL |2.470 |33.55 | I13.4% I, =_15
5 |-S1.6[47.4]2.187 |33.05 | i3e2% | - ‘
90 —9..3]|92.0 | 2.092 | 33. 37| 13535 Loy ® 40
135 ~135.4 |24 ,.2|2+106% | ZR.5/]I3.09¢
180 Mo.5[185,2] 2..30b0 | 33,25 12.%70
225 125.1 |2200)] 2.334 | 33.]0 | 18306
270 ®/.3|274.5] 2. 318 | 3314 | 1.9
‘ 315 2%.5(317.3| 2.261 | 2a.69| 1a.55
2106.4 0 -57.4 Re-p. 2324 | 24.5¢% Ié 24 ISV = ’]s.
a5 —10hq 46.6 ||« B399 [3FVT |t . 144 ,
0 |-144.0] 93.3[1. 122 [32.90 |15, 99 |1y = %2
135 1¢1.3]122.8]|, 722 | 2a..58 | I15./0
225 76.6 |226.0| 14761 | 22.56]| 15.4)
270 B0.2092.4| [s96S |32. 51 |is.33
C35 =iz |218.8]2.008 |33.4) [ISe0
[ *Current measured at 0° phase setting only.
T"Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE CODE IDENT NO ORAWING PO
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TABLE II. SPACS I1 MODULE RECO

INPUT POWER LEVEL = -40 DBM

RDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)

COMMANDED MEASURED** TIME POWER SUPPLY*
FREQUENCY { PHASE SETTING| PHASE SETTIN INPUT GAIN DELAY CURRENT
MHZ DEGREES DEGREEA YSWR 0B NSEC MA
2117.4 o [-122.5 Ke-%'- 2,239 (344511642 [ . 5
a5 |-168.0]95.5|1.990 |S3.% [Is.7%
90 14%.0{90.5 |1 N0 |38.53 Is. 25" Loy - X0
135 0.0 ||ansl 1+ 55¢ 33,63 |62
225 15.¢ |221.4] 1903 |33.,99 | IS-T1
270 -30.5(26%0] 1.N13 |39.1\ |IS.62
315 [<T0.6]20%.)| s 66  [34.29|1b.28
*Cyrrent measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
S\TE | COOE 1OENT NG ] GRAWING MO
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TABLE III.

SPACS Il MODULE ADDITIONAL RECEIVER TEST DATA

(NOISE FIGURE AND COMPRESSION AT
ROOM TEMPERATURE ONLY)

RECEIVER RECEIVER RECEIVER ANTENNA PORT
NOISE NOISE OUTPUT 1 DB INPUT POWER |  RECEIVER
FREQUENCY |  FIGURE TEMPERATURE | COMPRESSION POINT CLEVEL GAIN
MHZ DB °K DBM DBM D8
2030.9 4.5 Sal.3 4§ .7 -_S.2 2,3
2041.9 4.6 546.4 9. "‘;‘*"0 33,3
2052.9 4.6 5 46e 4 9.5 =& 235
2074.15 4.7 5¢5.9 tious -3 % 2let
2095.4 4.1 455.4 N ~ & 3104
2106.4 4.) 455.4 41042 - 33«4 BReS5
® - - f
2117.4 4.2 492.8 0.5 -33.| B35

TABLE IV. SPACS II MODULE DUPLEX EVALUATION
TESTS FOR RECEIVER COMPRESSION
RECEIVE LEVEL (DBM) TRANSMIT LEVEL (DBM) FREQUENCY (MHZ) | LOAD VSWR
AT ANTENNA AT RCV OUTPUT AT ANTENNA AT RCV OUTPUT XMIT/RCV 1
-40 —5.5 - — OFF/2081.9 1.6:1
-40 —-N.5 > +35 +9.0 2217.5/2041.9 | 1.6:1
-4p - 5.0 - —_— OFF/2106.4 1.6:1
-40. e > +35 -5 2287.5/2106.4 1.6:1
SIZE COODE IDENT NO DRAWING NO
Al 96214 SKDD302

SCALE

ISHEET

8

T1-7915C

57
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TABLE IV. DUPLEX OPERATION CONTINUED, INTERMODULATION PRODUCT
EVALUATION (ROOM TEMPERATURE) SUMMARY

INTERMODULATION FREQUENCY/DBC
FREQUENCY (MHZ) |LOAD VSWR|  F1/IMI Fo/1M2 F3/1M3 F4/1M4
XMIT/RCVR
2217.5/2041.9 1.05:1 | 230 740 >40 —_—
2217.5/2041.9 .60 | 22390 MHz
P30
2287.5/2106.4 1.05:1 . .
71° | S 4o V4o —_
2287.5/2106.4 1.6:1 —
R > %o >4

SIZE COOE 10ENT NO ORAWING NO

A | 96214 SKDD302

| ) Toeer
—— — g’7



TABLE V.

SPACS II1 MODULE - DUPLEX OPERATION, PULSE

MODULATION TESTS, PHOTOGRAPHS

2041.9 MHZ

2041.9 MHZ

(R)

TRANSMITTER OFF

RECEIVE CARRIER
fR=2041.9 MHZ

INPUT = -40 DBM
OUTPUT =_5,50BM

| MM /Diy
(B)

TRANSMITTER ON
f1=2217.5 MHZ

RECEIVE CARRIER
fR=2041.9 MHZ

INPUT = -40 DBM
OUTPUT =15 DBM

Ti-7915C




PULSED MODULATION PHOTOGRAPHS CONTINUED

2106.4 MHZ

(€)
TRANSMITTER OFF

RECEIVE CARRIER
fR'2106.4 MHZ

INPUT = -40 DBM
OUTPUT = 50 DBM

(D)

TRANSMITTER ON
fT=2287'5 MHZ

RECEIVE CARRIER
fR'2106.4 MHZ

INPUT = -40 DBM
OUTPUT = &, 5DBM

SIZE CODE lﬁ;ﬂ’ NO DRAWING NO
A| 96214 $KDD302
Ay = E CENT r

J TrImsc

B-77




TABLE VI. SPACS II MODULE SUMMARY OF L-BAND RECEIVER

SECTION OF MODULE

ANTENNA CONNECTOR L-BAND CORRESPONDING
FREQUENCY POWER LEVEL INSERTION LOSS NOISE TEMPERATURE
MHZ DBM 08 K°
| Neo R
1600 N.A. e A. \
1775.5 } |
1803. 65 g !
1831.8 ’ 5
2000 \// ¢/
—
SIZE CODE IDENT NO DRAWNG NO
A | 96214 SKDD302
SCALE rEV 12 ]

TI-7918C
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REF: NASA/JSC

SPACS II - TRANSMIT/RECEIVE MICROELECTRONICS MODULE
MEASUREMENT DATA SHEETS FOR OUTER MODULES
(P/N SK784010-1) AND FOR CENTER MODULES
(P/N SK446962-1)

HOUSTON, TEXAS

APPLICATION REVISIONS
NEXT ASSY USED ON LTR DESCRIPTION DATE APPROVED
SK784010-1 1207 [
SK446962-1 1207 1

U VU W Y |

CONTRACT: NAS9-14485 A/T FINAL DAT4 ! €-1T-7S
MODULE PART NUMBER S K 7€¢ 01D~/
TRECORD)
MODULE SERIAL NUMBER 003
. (RECORD)
& * &’LQW
REV
SHEET
REV STATUS REV
OF SHEETS SHEET

DIMENSIONS ARE IN INCH

z1°
CE DECIMAL*.010
2 PLACE D!ClMAL: 02

UNLESS OTHERWISE SPECIFIED %N
HES

7\ TEXAS INSTRUMENTS
INCORPORATED
Equipment Group Dallss, Texas

memrone noweers | E, P  S-(s5-15T SPACS II-TRANSMIT/RECEIVE -
FOR REFERENCE ONLY o o MICROELECTRONICS MODULE MEASUREMENT :
R o DATA SHEETS v
CONTR NO SIZE COOE IDENT NO L DRAWING NO N
DESIGN ACTIVITY RELEASE A 9 6 21 4 L SK00302 =

scae | [s=" 1 oF 12
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TABLE I. SPACS 11 MODULE RECURDED TRANSMITTLR DATA
(ROOM TEMPERATURE ONLY)

INFUT PCWER LEVEL = +12 DBM

COMMANDED MEASURED «* POWER POWER SUFPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES DEGREEij I vsuR DBM OB A
2217.5 0 738 | ReF ] /1wy | 3503 | 26| ey = 10|
— 9 -
45 1§82t e 189y | 35 c2) 231
90 ~Avo|11 | /Sel | rTes 2262 . gy
|3 e ——
135 —ewa higs.j | 132 | Il Ly
| 180 liagglinae | 390 | 2062 biwo
i 225 s iiepz] #7068 [ 2805782355 | 1, = 12O
270 /UU'I i:‘.32-7! ,'@98 i 2562 ‘21"@0
315 ' ] a2 5| 1377 ?Lzz'qa!.z‘s 7
| H - i ]
225¢.5 ! 0 En;—: ‘REFlgace | zTiestdv7e Tl = JO)
45 ~'ELE. 21U | 190 ¢ 3:-%.4!23 & o
! 90 1€00 i n | pyee | 35.9@|2d el iy T kY
o ‘ 135 1055 13w | 1y | C0L|22°62
180 529 1920|1787 | e |38 | R
225 1y 2uie| p@eq | 38 w3 lay.qe | Iy - O
270 359288 230y | 35902 9 |
315 ~82:| 1327¢| 17082 3T 2248
1§ 1
2287.5 0 1382 | ReF |2-203 | 3025|2075 I = 171
45 7653 o2 1 e»7 3S/P1 237
99 2Eglicuy |l ady lufol22:80 Ly © Uy
135 -207 1£¢:9 |/ ooO 3u-pj 2290
180 657 /99| 1q7 0 | 2w70j22:70 | 1, - bl/o
225 -008-252".2‘4 172750 2cuglarg
270 ~I1S6€.287:C|{ 31012 Iy-£2] 228
315 os;’-"ri‘szuz 2:15) 3672268
i
N S SRS ST SR
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE CODE IDENT NO DRAWING NO
Al 96214 SKKDD302
r1-7915C — — £ [ e 2
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TABLE I. SPACS I MODULE RECORDED TRANSMITTER DATA
(CONTINUED
INPUT POWER LEVEL = +13 DBM
COMMANDED MEASURED ** POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTING| INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES DEGREES VSWR DBM DB MA
A
2217.5 0 72:0 |REF| 1Dy | 3558|2257 |1, = _[Of
45 17yl 1S3 | 35w | 2247
90 -8l AT | huBl | 35 s 20871, - LG
135 -253 {1719 AL | 3su) |20
180 -lagefiega | 2%l | 353812239 1, - [/30
225 =173 024020 1L | 35463 122'SL
270 1uSajagry| 1507 [ A ST (32:F D0
315 99|32 '257 | 3sug |22 4y
2253.5 0 e |REF | Ay | RS0 |22 6 Iy, = 10/
45 -is90ly32 | I'SS8 35.80 |22 #0 T
90 w99y | 15ye | 3585|2288 Ly * ‘k{k
135 7 ljgars) 1219 | 3552 |22:82
180 S27 s | 1sug | IS AL S |, = lolo
225 W 2328 1T | 3582 (22 Q2
270 -36) |2€09| 1’958 | NS |22 78
315 ~3L 4 |3206'6] 1517 3538 |22:%9
2287.5 0 12€9|REF | 218G | 3503 1220441, = /O
45 23 |s2| 1328 ISV | 2017
90 23:9 |102:.0| '8 0 | 3440 | 31'97 Ly = %4
135 -22') {tugo| I'¥80 | 3uag]| 21199
180 ~70:0(959| V76| 3495 | 2190 Togy * 2/0
225 =112 7238 el ]| 35! 220272
270 -iseaeu ] 113 | Jyay | 2198
315 ISUgis3) )} 2.059| 3ugS |80
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
' SIZE | CODE IDENT NO ] DRAWING NO
A | 96214 SKDD302
SCALE REV lSHEET 3

Ti-7915C

&45
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TABLE I.

SPACS II MODULE RECO-DED TRANSMITTLR DATA

(CONTINGED)

INPUT POMER LTVEL - +14 DR
| COMMANDED |  MEASURED **| . POMER l PONTR SymPLY®
FREQUENCY | PHASE SETTING|PHASE SETTING | INPUT | OUTPUT GAIN ! CURPEY™S
MHZ |  DEGREES DEGREES y VSWR | DR R MA
ag s :
- S e e
2217.5 0 717 e F | 18 | zLa denT L, = _lC] h
45 I=w | &2 le;zf 23-u9 UYE
90 22y |0 i Gl s 2ELe 218 E il * WY
135 -2 917! V1L . 2582 214 i
180 ~izzaliazal fewe !l aran o ar (L, - 1EG
225 =1aafaucal rwes | ozTga g
270 jewrulzsiopanso | it s
315 jlo2.c|227) a2 | 2oL 210UL
2 -1 s - it PRSI SRE Teaeian 38 e -
i=p1g . 3L 2 08 N ,
2257.5 0 U L R P 2! i gy el
45 i-lbs-l e W | 2552 21079
90 piellau L P20 | 2578 20TT L, Uy
B N LA PR R Bl B TS R L
! 180 | S321190 . 182 | weyte 20wl 22V =104 0
270 (=3NS 13T | 38700 516G |
315 =818 by Uil ‘ss_;;‘li Shitg
2287.5 0 DunfReF | ravy | 280921009 (1, = _1O]
45 Nl | 526 1431 | 35214 21019 ;
~ . ol Jorute ! cgl 2100 .
0 1 226ljece] MUY 35 2 - Y
135 <22 lte3i pus !l Tz [0S
180 —7c-t|iayg| 1oe8 | g | TS - K10
225 ~lwof2382] 1o} 22T 21:32
270 <1$e72c2q| reLE | eI 200
315 ISWT 13295 At ey 2p09)
!
I TN S i L
*Current measured at 0° phase setting only.
**(Only 0° setting is measured on center modules (P/N SK 446962-1)
SIZE CODE IDENT NO DRAWING NO
A | 96214 SKDD302
SCALE REV l SHEET 4 2

T1-7915C
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TABLE II. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(ROOM TEMPERATURE ONLY)
INPUT POWER LEVEL = -40 DBM
S2GRIAL FAGE IS
_ . . D ZCRQUALITH |
COMMANDED MEASURED ** TIMt POWER SUPPLY A
FREQUENCY | PHASE SETTING| PHASE SETTING INPUT GAIN DILAY CURRENTS
MHZ DEGREES DEGREES VSWR DB NSEC MA
2030.9 0 -75g (€eF | /1134 32762 | /8 Iy, = 33“_--"“_1
a5 1130|302 23 | 3000 /18659
90 SShe]s.g | 13Er | 3ue 1€ - 4<
135 1534|108 | 1356 | 30077 [17syT 1Y
180 Ho-1 lygusp | 135y | 30085 1112w
225 0% 31209 12 | 2103 (€956
270 3l'°t 251‘} l)lL‘L 2128 lq:’ﬂz
| . 315 “12:81297.0| 1255 | 3205 |20u52
2041.9 0 - | |REF | 1258 | 3305 (1507921 - 99
45 1731 |37.8 | 7287 | 322 |[/§2¢E
an 1263 |2g | 1'1249 32.0) (IS 3oy []ZV - Y
135 840 |12 gq| 'O 5 | 33.09 1£.9277
180 3.9 [)y.0| 11O | 2220 (leas0
225 “377 |agep] 1180 | 32:09 16 '4¥90
270 “457|a%k b 1-1€9 3295 No"‘b"t?l
315 ~q2: (pl3cag] 1'2977 | 2368 |l COR
2052.9 0 ey leer |2:2¢] | 2222 {1289 Iy = 29
45 127 [37 |3 301 | 321y | 13205
90 757 |17 |04 | 365| e T3, - &L
135 200912151929 | 33./5 | 14203
180 222 | 1756|174 | 3. G )u‘uaei
25: ~e2.0|21714| 1829 | 3R.00| /4162
a5 e 259:01 /805" | 32.99 | /45237
~I§ﬁ" 307.5 2_0“6 33.’7 ,zlés_:
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE CODE IDENT NO DRAWING NO
Al 96214 SKDD302
SCALE REV ISHEET 5 2
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TABLE II. SPACS II MODULE RECORGED RECEIVER PHASE AND GAIN DATA {
{CONTINUED) {
INPUT POWER LEVEL = -40 DBM
s - - R e e X
COMMANDED MEASURED . TIME | POWER SLopLV*
FREQUENCY | PHASE SETTING { PHASE SETTING | INPUT GAIN  DELAY | CURRENTS
MHZ DEGREES DEGREES VSWR DB ! NSEC | MA
- ; 4 D e 9o
2074.15 N P ] IS I AL IR P L 2
45 12r S BN AT RE S R A
LU OSSN I RS R M LT P b S
135 -se 73| 9942 222§ 1322 s
180 —csliszatzazy | 2Lorr tu2n
225 -T2l L2612y | Mk
270 Weorg e LTy £ I T
315 lotef Jeosglones Puney [ W22y
. v g - ‘;ﬁ PR (P »-~-T---—» R e, ST P —
le &7 T = S ek .l . Dl - .
2095.4 0 €| KE Er7 e ,;/-_ LTI 14
45 -98.¢cc 28§ RRAY | R i3 CET
90 =lg2 A EETY QI L FLr [,' ’ }{12V = <
: : .‘
135 ety lrer e ;%lrzau>'
180 NITR RS e Ly P RYAF
P - \ .
225 &8 21?~ail~u/( vl g |43 &
270 |22 82201/ aq0 |2y 207
315 <2 13201020y fuooeT Pl
2106.4 0 SRR HREF VG f Ao MO T Ty * 59
45 —1 Yy 28 | g T T e | IU2 TG
90 et lacag b aney | er e Loy * ¢s
135 126 fi1o, . F1'EAT | 2102 |14 317
180 T Ve IR oo BRI
225 e Claieey ] v | Ricu Iy
270 ~7:?_‘ 254.¢ "Q:,' 3"2’ 'q'gcl
315 ~€5.213¢1.9 | /120 | m.np AT 22T
e — o — —— e e s e e -4
*Current measured at 0° phase setting only.
*Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE CODE IDENT NO DRAWING NO
A | 96214 SKDD302
SCALE REV ISHEET 6 3

Ti-7915C
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TABLE I1. SPACS I1 MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)
INPUT POWER LEVEL = -40 DBM
————r
COMMANDED MEASURED** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING INPUT GAIN DELAY CURRENT
MHZ DEGREES DEGREES VSWR DB NSEC- MA
2117.4 0 ~<1707|ReF | 144 | 31:9C | 15F7S Ty = 49
45 ISAyiIe g | Hh3TS | 320 o059
90 nes |ra.0| 1227 | 2rsy | le0d7 |1, - _Y§
180 2a:< 1932 | 111t 23228 | 727
225 —192 |208.| 117 G 232.0] [ 16852
270 —6$ g lassl 11/ | 3229 [levd2
315 |=nse |30uq| /339 | 2290 |/ 06T !
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE CODE IDENT NO DRAWING NO
Al 96214 SKDD3N2
SCALE REV lSHEEY 7

T1-7918C
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TABLE II1. SPACS II MCDULE ADD.TIONAL RECZIVER TEST DATA !
(NOISE FiGURL AND COMPRESSION AT !
ROOM TEHPERATURE ONLY) ;
|
e Sy e esmborn & N 4
. RECEIVER RECEIVER RCCEIVER ANTENNA PORT ;
; NOISE NOISE ! NUTPUT 1 OB INPUT POWER  RECEIVE g
FREQUENCY | FIGURE TEMPERATURE  COMPRESSION PGINT LLVEL GALN i
MHZ | DB oy DBM BM [ !
2030.9 f 67 I ICee +& T -% 7 = Dwp 2 1
2041.9 | &t i a4 -7 2 ~Zle & 238
2052.9 e W‘""’i 422 -21.€2 272
2074.15 5;"7 | ’06'24' ~ 03 -l T - 20!
L095-4 o -7 i -7%"".’-‘“ ; ‘ff‘:‘:’ _., . .»! : _Q._‘_"_'T'
2 -~ = -
;:?3.4 f-_a i (p‘%‘o/ ' +’.' -'2‘:'{‘ ¥ Jl"/Q’
-4 . ' -‘: -~ ~
©'2 i 7072 ! %339 A 17 6s
| '\ |
| _._l L —_ 1
TABLE IV. SPACS II MODULE DUPLEX LVALUATION
TESTS FOR RECEIVER CNMPRESSION
e e e e - - —
RECEIVE LEVEL (DBM) ; TRANSMIT LEVEL (DBM) FREQUENCY (MHZ) , LOAD VouR
e L —
AT ANTENNA AT RCV OUTPUT AT ANTENNA AT RCV OUTPUT XMIT/RCV !
-40 ~-72.0 - — OFF/2041.9 1600
-40 - )00 ' > +35 400 2217.5/2041.9  * 1.6:1
—— e . —— —— - +- —_—— e - %-v._.—__._,, S p———— —e— __“
.40 -%.-c -- —_ i OFF/2106.4 . 1821
-40 -9. > +35 \ 2287.5/2106.4 . 1.6:1
< &d - : -4.0 :
IR SR S J R .
SIZE CODE IDENT NO DORAWING NO
3
‘ Al 96214 SKDD302
SCALE REV TSHEET 8 2

520
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TABLE IV.

DUPLEX OPERATION CONTINUED, INTERMODULATION PRODUCT

EVALUATION (ROOM TEMPERATURE) SUMMARY

INTERMODULATION FREQUENCY/DBC

FREQUENCY (MHZ) |LOAD VSWR|  F1/IM1 F2/IM2 F3/1M3 Fa/1Ma
XMIT/RCVR -
2217.5/2081.9 1,001 | D30 Pwo 4o e
2217.5/2041.9 1.6:1 23906 Wi
Y30 || Yuo i
>20
2287.5(2106.4 1.05:1 -
> Yo > &o ) 4o A
2287.5/2106. 4 1.6:1
730 Sao | peo T
SIZE CODE IDENT NO DRAWING NO
Al 96214 SKDD302
SCALE REV ISHEET 9 >

Ti-7915C
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TABLE V.

10 d8/D1v

SPACS II MODULE - DUPLEX OPERATION, PULSE

2041.9 MHZ

MODULATION TESTS, PHOTOGRAPHS

(R)

TRANSMITTER OFF

RECEIVE CARRIER
fR=2“41.° MHZ

INPUT = -40 DBM
OUTPUT = =7 DB

"*-__‘ 4.6 MHZ “-—i‘
2041.9 MHZ
o e | M2 /DI
(8)
TRANSMITTER ON
fT=2217.5 MHZ

RECEIVE CARRIER
fR=2041.9 MHZ

INPUT = -40 DBM
OUTPUT = -0 DBM

COODE IDENT NO

96214

DRAWING NO

SKDD302

SCALE

REV

T1-7915C

——

——t

——
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TABLE V. PULSED MODULATION PHOTOGRAPhS CONTINUED

!
1
10dE/o1

2106.4 MHZ

(€)
TRANSMITTER OFF

RECEIVE CARRIER
fR=2106.4 MHZ

INPUT = -40 DBM
NUTPUT =-g DBM

—e— 46 M ——

2106.4 MHZ

—l e IMHZ /21y

(D)

TRANSMITTER ON
fT=2287.5 MHZ

RECETVE CARRIER
fR=2106.4 MHZ

INPUT = -4n DBM
OUTPUT =-9 D2¥

‘.ns S
cd e P 3

PR FET TR

SIZE [ CODE IDENT NO DRAWING NO
|
A 1 96214 SKDD302 5575/
SCALE REV lSHLET 11
T1-7915C y




TABLE VI.

SPACS II MODULE SUMMARY OF L-BAND KECE:iVER
SECTION OF MODULE

ANTENNA CONNECTOR L-BAND CORRESPONDING
FREQUENCY POWER LEVEL INSERTION LOSS NOISE TEMPERATURE
MHZ DBM ) DB K?
e e——— ... . e i ———t ———— . .T, wi p——
1600 N.A4. NooA, Moo,
1775.5 ;
1803.6% l
1831.8 : %
2000 i 7 i i ' .
i ] ! i
i i \r 2 V
! ‘
| |
— -l - 1
SIZE CODE IDENT NO CRAWING NO
A | 96214 SKDD302 éﬂﬁ/
SCALE REV lsHEU 12 2,

TH7919¢C
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APPLICATION REVISIONS

NEXT ASSY USED ON LM OESCRPWTION DATE APPROVED
SK784010-1 1207 )
5K446962-1 1207 ; 4
F 1
| ;
SPACS II - TRANSMIT/RECEIVE MICROELECTRONICS MODULE
MEASUREMENT DATA SHEETS FOR OUTER MODULES
(P/N SK784010-1) AND FOR CENTER MODULES
(P/N SK846962-1)
>

REF: NASA/JSC

HOUSTON, TEXAS

Al Final Dafe 2 g-1-05

CONTRACT: NAS9-14485
MoDULE PART NuMBErR SK 734010 —I
MODULE SERIAL NUMBER Oo$
REV
SHEET
REV STATUS REV
OF SHEETS s
u..g::.gz}'a:z':.= Mastidad Ko : _ ” TEXAS'_H:‘. STRUMENTS
S'&?.k%% Décmn» 010 e Equipment Group Deliss, Texss
2 PLACE DECIMAL: 02
SHOWN 1K PARENTHESES : S-|s- SPACS II-TRANSMIT/RECEIVE 1
FOR BT ERENCRONLY QA b MICROELECTRONICS MODULE MEASUREMENT +
AT - [ DATA SHEETS i
CONTR NO SIZE COCE IDENT NO s DRAWING NO 5 4
DESIGN ACTIVITY RELEASE A . 962'4 3 SKDD302 4
SCALE [.-r 1 0612

Ti-0923-C
"

|
t 524




TABLE I.

(ROOM TEMPERATURE ONLY)

INPUT POWER LEVEL = +12 DBM

SPACS Il MODULE RECORDED TRANSMITTER DATA

COMMANDED MEASURED #+ POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES DEGREESs | VSWR DBM DB MA
2217.5 0 8a.7| Re—| o285 | 35.53( 3R Iy = 95"
45 Q2.7 |52.0 | 1.815 |25,07 Q3 .06
90 [~8.5[d).a]].550 |B4eSE|3REF | - 44
135 ~80.0[162.0 | 1405 |24-¢% AR 6%
180 |lio.3|143.5]1.175 [230 3116
225 f-imo,sms2.al 58T [3FI2 | RRee - 50
270 loool [aBa g 10632 | 2471 | 33010
N5 [100.%]233,5] (476 | 2401 R0
2259.5 0 |-122aRe~ |17 [35.20(23.33 |1, - _1F
45  |=|56.3| 24,6 [R.363 |34.97 |R3.00
90 145.1] €37 [ 1669 |25.:5 aze I Ly 44
135 | 97.3[130,5|)- 634 |25.323123.33
180 4%.21I"9.8 l.a6s |35.13|33.i%
225 €. 2 |318.6f 14945 |40 (3378 | - 70
270 r.aa.ﬁ- Abed] 160 | 33605 SBl06
315 ~§6.3{314 ) | 14, |25.02 |220%
2287.5 0 lol.@|Ref12.216 |23.57 [21.57 |1 = 95
45 4.0 40,6 [leSA5 | 3444 ]| 2544
30 bt |d5.0]1.2a2 [24. 13 |aeia| iy = T
135 ~44.0 [ 146.2|1- 418 |24.35 | R3:.327
180 |-40.3[191.9 [1+601 [24.15 [anels | 1, = 519
225 -130.8|333.4| .47 |27-5¢ | RR.55
270 L 75,4 |3AM. 0] 1- ST |3F.04 | 3R=03
315 133.7 33,9 1719 |3t 1T | 2316
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE CODE IDENT NO DRAWING NO
Al 96214 SKKDD302
SCALE REV lm 2

Ti-7918%C
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TABLE I. SPACS II MODULE RECORDED TRANSMITTER DATA
(CONTINUED
INPUT POWER LEVEL = +13 DBM
COMMANDED MEASURED ** POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTING| INPUT | ouTPUT GAIN CURRENTS
MHZ DEGREES oeene&s_¢ VSWR DBM 08 MA
2217.5 0 €Re5|Ref | o174 3533 | 3332 l, = 95
45 10.3 |53.3 | ].804 |35.,20 |aR.19
90 3. 54.6 |\.N95 |31-80 | 21.30 Ly * 44
135 —42.5] [S5.0] 1.432 [2%.60 [Rlsbo
180 Hab.e|ig1.g |1t [Besn [R1.87 Ly =300
225 179.2| 2422 1-497 |3%.31 al.dan
270 4e3laN6. ] [-599 | 3F.73 (113
315 4 33| l-441 [ 2406 | R).TT6
2259.5 0 |-l%gRef. | 1066 [35.36 (22,35 |1, - _95
45 - 17.8| 2.2 | 2. 065 | 25.3 | aR. 3|
90 142.0| §4.4 | 1397 [35.15 | 32,1t [1,,, = 44
135 9a.l|174.3] ). $a6 235.28 | 23238
180|402 M.a) e |3s.3ad 33l |1, - 739
225 3.0 laaa 4 €50 |35.04 | R2.03
270 4.6 |26t.0] 1.44¢ |35.1° | 2307
315 “88.+ B'Q’Og |-33° 35.5", anob
2287.5 0 93.5|Ref. | 2. 12| 2 4.20[2|.23 Iy = _95
45 487|442 | 1217 |24.71 | 2175
90 Al 7001 1.3S¥% | 24.40 R|.40 I]zv - _M,
135 “417.4/140.9]| 1-357 |3 +.55|21.55
180 —93.0|/86.5] 1. 44\ |34.60 [3l.60 |1 - L0
225 |f126s228,0| i+304 |34.07 |R1.T
270 -N.0|20a.5] 1+ 20 | 24,423 |44
315 I13\.5[233.9 1630 [24.50|3|.FI
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE COOE IDENT NO DRAW'NG NO
A | 96214 SKDD302
SCALE REV 3

11 7918C
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TABLE I. SPACS Il MODULE RECORDED TRANSMITTER DATA
(CONTINUED)

INPUT POWER LEVEL = +14 DBM

' COMMANDED MEASURED ** POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING|PHASE SETTING | INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES DEGREZS p VSWR DBM DB MA
2217.5 0 554 |Rem|1.115 |35.38 [21s2] |1, =_75
45 1«8 |52.6 |[|L710% |35 1R |RisIC
90 =206 %.0 |1.715 |3%4.T¢ |30.05 Ly * 4-4
135 74| |52.5]1.473 | =%-=7 | Ro.5E
180 F3z.a||gq.a |l Res | 2F8Y [Reed sy L 190
225 |(1S.5 IEVTRN FEIL P ESAUEN B
= ?\3‘1-6 s —_— .
270 14,5 2072, .58 27.69 - e G
315 2.9 |225.5] 14457 | 34.713 | A0.Ti
2259.5 0 -133,6| Rem. |1+ 552 [25.40 |R\.35 Ly *_55
45 -173.5[ 37,9 |1.730 [25.45 [ R .42 )
90 140.6 | §S.% | |«19¢ | =517 | =3.1¢ Loy * T4
135 Fo.l [126.3 | 1.3} | 25-29 |Aleab
180 4.1 |I99.2] .33 |22.22|R].20 Loy ™ Ter”
' 225 .5 |lrasg| 1.384 |35 01 | le s
; 270 ~42.2]205.6] 1631 | 35.27 j&al.06
315 —%9.0|315.4| 1164 | 35.0a]| m0.99
2287.5 | 0 B9.4 Res. | 1.780 34,64 [20.62 Iy = 945"
45 44.5[44.9 | 1142 | 34,95 |20.94
90 0e9 |25.6]1.252 | 24.0a|B0. € Iy * F<
135 4337 [134.1 | 1-241 24.73| Ac.IR

180 |-92.8]183.2] 1. 456 [31.s0 |t |- T2 0
225 -36.6]22¢.0 1. 237 | 2.1z | 2o -
270 M19.6 [269.3] 1. 47 | T1. 649 | R0
315 130.6 |31%.8] |«654 | 24.90 | 20.6¢

i i [ s U s

*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK 446962-1)

SIZE COOE IDENT NO DRAWING NO

A | 96214 $KDD302

SCALE REV

4
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TABLE II. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(ROOM TEMPERATURE ONLY)
INPUT POWER LEVEL = -40 DBM
COMMANDED MEASURED ** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTING| INPUT GAIN DELAY CURRENTS
MHZ DEGREES oer;REE_¢ VSKR 08 NSEC MA
2030.9 0 -s7.3|Re£ [3-505 [39.99 [12.08¢ [, - _93
45 L1239 66.6 |2.087 ‘az.‘iﬁ e 415 ~
o0 engllio.s|a.5M1 [R66% 10123 Ly *
135 4.3 |23.$ a.‘“ﬂ 38.'7‘ “-330
180 |140.4]l6a.3 [RebsE [RT. 61 [1R.T4]
225 v laa®.ol 744 [37e5¢ [[2.370
270 2.4 |afs.3|2- 211 |R8.09 |4
2041.9 0 M08 [Ref, [Re84C [B0.C7 |12.583[1,, - 93
‘ 45 —“1.‘ oA ‘aorH? AN.AN | |. 07
90 149.2 |108e8|2-2%0 |AT-64 \a. 4= hioy = 44
135 134.51 kb |37 30.a% |13.¥1s
180 29.4 |1bl.2]2.298 |30.43 |IS. %52
270 -4 |2(3.0|2-3T6 a9.35|13.331
315 —sa.ﬂ 263,,] 3.139 | 30T | 13.89]
2052.9 0 -lcad[Ref, |aulls  [21.33 [lz.3s8|1,, - _92
45 1432.1 |S4.2 [R.410 | 8,31 |[3.80F
90 Q1|98 [Reo | 3874 | 14eBlo 1 - 44
135 9.6 11NN [ReC30 |2Re01 16.409
180 220 |108.¢| R.007 | 3RRET| ISe347
225 -22.0[219.3| 2.0 [ 30,05 | [4.R8F
270 Y z(a.oL 1,963 | 29,96 | 12.757
315 -/on.5|30¢.8| 3.48¢ |3/.45 |¥. 209
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
’ SIZE | COOE IOENT NO ] DRAWING NO
A | 96214 SKDD302
SCALE REV sHeET  §

T1-7915C

JE
B27
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TABLE II. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)
INPUT POWER LEVEL = -40 DBM
COMMANDED MEASURED ** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT GAIN DELAY CURRENTS
MHZ DEGREES DEGREE VSWR DB NSEC MA
2074.15 0 [88.0|Re~, |1e253 |3/,03 (130631, - _93
45 29.Z|58.5| 1.3+ [RI.3+ | 15-28¢
0 |-15.4|i03.4 |1-60C |3o. It H4Res) - T
135 F50.2||35.c [14¢°7 [3Ren2|i3.6%0
180 Hli|\7e.y [1eeH [2liox]iaate
225 -132,40221.0 le 434 [ R3.65 | lieq%]
270 —~%0.5|2s5.3 [|eFTR | 200K |1R-243
315 139, 0] 208.2| 1+ | 21656 |I3.12%
2095. 4 0 <10.6|Re=: [R.267 [R9.57]i3.008 gy =13
45 M| 60.6 |1.952 |26.59 | 1l. Eax
90 -ng.5|108.242.3¢% |an.87 |I!-Sto Loy <d
3 135 5.0 |27.4 [1.952 |a€.66 |NecE
180 195.9173.5 |2:.537 [ 8.0 |IR.002
225 13e.0[R |2, 4|R-21T | RT3% liebas
270 43.5‘ 55,9 9\.35“1~ 29-62 ||.r}4-4
315 29.3 |30, | [Re090 |3937 | ]i.740
2106.4 0 —(.1|Ref. |R.029 |3c.03 [I15.490 I, =712
90 )6t 102y [1-932 [R5 | 14,891 Loy = 771
135 1682 zg.7 |1 €39 [2E5™ [I4.319
180 1384 19,5 | R+ 27 | 8.7 ls.\:;
225 90.0 |20, q | R 061 a7.78 |12.7
315 %% |Bos.1 1929 |39.-40 | 14637
’*Cdrren—t—n:ea;ured at 0° phase setting only.
F*Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE COEA IDENT NO DRAWING NO
A | 96214 SKDD302
SCALE REV lm 6
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TABLE I1. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)

INPUT POWER LEVEL = -40 DBM

COMMANDED MEASURED** J TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING INPUT GAIN DELAY CURRENT
MHZ DEGREES DEGREES 4 VSWR DB NSEC MA

2117.4 0 —lse.ﬂke"ﬁ 1687 [30.38 |M.7CH fp, - 9=

s Fmal4s.2] 1.4 | R1.04[[7. 051 E—

90 127.8 |98.7 | 1. 413 |R8.I4 lbe'7IO Ly ‘H’

135 .9 |124.¢ [1e®38  [31.S N."3¢

180 68.5]|168.0[1.610 [20.35 |12. 94

225 25.9[200.83[1.539 |3%. 8 IN.&"&

270 |=12.2|241.8/3. 018 | 3ee9 17137

315 |=6S,al30\N | s 8 [ 300 |16.959

*Current measured at N° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)

m COOE IDENT NO | DRAWING NO
A | 96214 SKDD302
SCALE REV 7 A

TI-7915C
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TABLE III. SPACS I MODULE ADDITIONAL RECEIVER TEST DATA
(NOISE FIGURE AND COMPRESSION AT
ROOM TEMPERATURE ONLY)
RECEIVER RECEIVER RECEIVER ANTENNA PORT
NOISE NOISE OUTPUT 1 DB INPUT POWER |  RECEIVER
FREQUENCY FIGURE TEMPERATURE | COMPRESSION POINT LEVEL GAIN
MHZ 0B °K . DBM DEM D8
2030.9 6.0 35 4 2. 15" R4 o 2179
2041.9 (A ZIZ % Y I —3 )67 | 32
s | S | on ) s it Bl
. 5.2 | ~+0.47 _28.53 | 29.50
2095.4 S.o 67 “+0.%7 25.05 L A
2106.4 Sel 4.9 T Was e e
.7_ 6 ‘8 +1.3% A 3|s$£
2117.4 &a 67/ ~0.32 sonll
= Bl Bsle’) 7
TABLE IV. SPACS II MODULE DUPLEX EVALUATION
TESTS FOR RECEIVER COMPRESSION
RECEIVE LEVEL (DBM) TRANSMIT LEVEL (DBM) FREQUENCY (MHZ) | LOAD VSuR
AT ANTENNA | AT RCV OUTPUT | AT ANTENNA AT RCV OUTPUT XMIT/RCV R
-40 -%.0 - OFF/2081.9 1.6:1
-40 __1.0 > +35 ‘\'I0.0 2217.5/2041.9 1.6:1
.40 -7. 5 - OFF/2106.4 1.6:1
-40 —%.0 > +35 —%.0 2287.5/2106.4 | 1.6:1
SIZE CODE IDENT NO DRAWING NO
1
Al 96214 SKDD302 |
SCALE ISP*EET 8

T17915C

—
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TABLE IV. DUPLEX OPERATION CONTINUED, INTERMODULATION PRODUCT
EVALUATION (ROOM TEMPERATURE) SUMMARY

INTERMODULATION FREQUENCY/DBC

FREQUENCY (MHZ) |LOAD VSWR F1/IM F2/IM2 F3/1IM3 F4/1IM4

XMIT/RCVR

2217.5/2041.9 1050 | > 30 >40 | > 4o e

2217.5/2041.9 1.6:1 2390 MHx

> 20

2287.5/2106.4 1.05:1

2% | D%o [> 4o —_

2287.5/2106.4 1.6:1 > 3° >4‘O > 40 ——

> 3o > 4o e

SiZE COOE IDENT NO DRAWING NO

A| 96214 | sk

SCALE nev ] SHEET 9

- — 5z
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TABLE V. SPACS II MODULE -'--”LEX OPERATION, PULSE
MODULATION TESTS, PHOTOGRAPHS

2041.9 MHZ

(R)

TRANSMITTER OFF

RECEIVE CARRIER

fR=2041.9 MHZ

INPUT = -40 DBM

OUTPUT = DBM
"(\.0

<

IoAB/?DTv.

TRANSMITTER ON
fT=2217.5 MHZ

RECEIVE CARRIER
fR=2041.9 MHZ

INPUT = -40 DBM
OUTPUT = 4 oDBM
7~

S g eh

SIZE CooE »oer-rr ;«J DRAWING NO
A | 96214 SKDD302
SCALE REV l SHEET 10

e

L EEE S




TABLE V. PULSED MODULATION PHOTOGRAPHS CONTINUED

2106.4 MHZ

(€)
TRANSMITTER OFF

RECEIVE CARRIER
fR’Zl 06.4 MHZ

INPUT = -40 DBM
OUTPUT = DBM
/‘1‘5

TRANSMITTER ON
fT=2287.5 MHZ

RECEIVE CARRIER
fR'2106.4 MHZ

INPUT = -40 DBM
OUTPUT = ¢ ODBM
v

SIZE CODE 1DENT NO DRAWING NO
A | 96214 SKDD302
ScaLE nev |seer N

; Ti7915C




TABLE VI. SPACS II MODULE SUMMARY OF L-BAND RECEIVER
SECTION OF MODULE

e —

ANTENNA CONNECTOR L~BAND CORRESPONDING

FREQUENCY POWER LEVEL INSERTION LOS: NOISE TEMPERATURE

MHZ DBM 08 K°

1600 U’R‘ No &0 'Jo A.

1775.5 .

1803. 65 :

1831.8

2000

A | 96214 SKDD302

SCALE REV

12

T1-7918C

Touer
53¢
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‘ APPLICATION REVISIONS
. NEXT ASSY USED ON L™ OESCRYWTION DATE APPROVED
SK784010-1 1207 i 4
SK446962-1 1207 i I
SPACS Il - TRANSMIT/RECEIVE MICROELECTRONICS MODULE
MEASUREMENT DATA SHEETS FOR OUTER MODULES
(P/N SK784010-1) AND FOR CENTER MODULES
(P/N SK446962-1)
-

>

REF: NASA/JSC  HOUSTON, TEXAS |
CONTRACT: NAS9-14485 A/T F"\M\ Dato o 8-1-15
MODULE PART NUMBER _S KK !%%40)0-] |
MODULE SERIAL NuMBer_ OO S
REV
SHEET
REV STATUS eV
OF SHEETS SHEET

DIMENSIONS ARE IN INCH
TOLERANCES

ANGLES =1°

3 PLACE DECIMAL*.010

2 PLACE DECIMAL .02

UNLESS OTHERWISE SP(C!I:IID

¥ Herdon, s-T-Hs

\ TEXAS INSTRUMENTS

INCORPORATED

IDENTIFYING NUMBERS
SHOWN IN PARENTHESES
FOR REFERENCE ONLY

INTERPRET DWG IN
ACCORDANCE WITH
MIL-STD-100

Cren Equipment Group  Daliss, Texas
. S-[s-157 SPACS II-TRANSMIT/RECEIVE
Qa j MICROELECTRONICS MODULE MEASUREMENT 1
P DATA SHEETS T
4
CONTR NO SIZE | COOE IDENTNO | DRAWING NO )
DESIGN ACTIVITY RELEASE A 9621 4 | SKDD302 -

| »e=r 4 o 1o

Ti-9923.C
L4

TR |
T B-37




TABLE I. SPACS Il MODULE RECORDED TRANSMITTER DATA
(ROOM TEMPERATURE ONLY)

INPUT POWER LEVEL = +12 DBM

COMMANDED MEASURED ## POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES DEGREESy | VSWR DBM DB MA
2217.5 0 (4. ¢ Ret, | 1.404 25,18 |2 .19 Iy * 19

45 Ro.6 |44.0 | 1-348 [35.19 [R2.20
90 F33|ioong |1+879 |35.59 |23.3 |1y, - 34
135 |-7.7136.3] 1401 |25.18 [23.19
180 -i34.,5( 199, | | .26 [2.17 [aB.18
225 M.l |azsa) e 14 |2S.R2 R3]5
270 137.2250.4] e3¢ [3S.35 |20
315 100.7 1222,91 .27 |3S17 | R3.19

Toay

225Y.5 0o |-l3&d Ref. [ l.2&) [ 35,09 [R2.08] 1, - 99
45 Rio.45.4],.2n3 |35.)5 | 3.6
90 |44q|%0.|1.183|35.08 |03 |1, = _3F

» 135 15.7|136.3|1.350 |2%.95 |=a.95
180 402|188 [lelod [35.08 [=23.08
225 le# |222.6| \oas4 |28.34 | 2334 1,,, = _¥30
270 |45.0]280.0] 1e 30T |3500 [R2.006
315 —90.3|Za58] |. 56 | 350l [3.01

2287.5 o [le9.g |Ref | I.452 [22.7 [&).® |1y =_T7

45 6S.l |44 |1.492 [33.1 [=~1.9
90 1.0 | 46.8 [}. 204 |31 | 2t Iy = 3£
135 -31.0]140.8} l.497 |23.7 A2
180 333 12.0[1.672 [39.0a [2z.02 | Iy = 270

225 —3S.01224.9[1.318  [32.75 | Al
270 |\MAal23).9 13 |34,03 | 2R.0%
N5 [146,3|343.5].495 | 33.01 | *l.Ma

*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)

SIZE COOE IDENT NO DRAWING NO

Al 96214 SKKDD302

TI7915C
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TABLE I.

SPACS II MODULE RECORDED TRANSMITTER DATA

(CONTINUED
INPUT POWER LEVEL = +13 DBM
COMMANDED MEASURED ** POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTING| INPUT | ouTPuT GAIN CURRENTS
MHZ DEGREES DEGREES VSR i 08 MA
2217.5 0 6S.3|Ref [ 1.452 [35.15 |35 |1, - _99
45 A6 [42.7 | 1.335 35413 |3
9 [assfieg |1.58 |3s,a5|3ea5|1,, - 3%
135 10,1 |135,4 | 1450 |35,.14 | 2.4
180 |3 199.0 | 1-426 |3S.i0 | 3RO 1 - 769
225 L\ 5 235g)le R4 [35.18 |_R.)B
270 I2NA (2804 |12 [3S.3x|3%2.3
315 loa.o|323,2]| ! «238 |35.)3 | 3R. 3
209.5 0 [-ma3|Ret. | 1157 [35.1a|ande f1, - _T1
45 1] 452 1. 208 [35.30 [ RARE
9 |145.2 104 | 1.0i5 |3s.09 |BRelA|1, = 3%
135 100+8] 125.3 | [.&79 [34. 9|16
180 48.1[188.0| 1. 190 |3s.0" | a1 |12y - _840
225 R.6[223,5[1.35¢ [25.3| | R3S
270 —4h3]|280.4| .20 |[B5.08 | R3]
315 =3.0|32%2| 1443( | 2499 | _AR.0]
2287.5 0 [loge3|Ref. | 1.35¢% |34.03 [R1.07 |l =TT
45 6301 |45.7 | 10335 [34.17 | 2.3
90 2 4] 96.4 | Vo387 |24 | a2k, = _3F
135 -31,0]129.8 | 1465 | 3370 |04
180 2 1415 [ 1196 |34 15| RI1T |1, = /0
225 —\67 325,5[ 1«274 | 3417 | &3
270 Mad asi.| | 1-212 |34 |R). )6
315 |146.1]3a3,7] 1442t | 233.95.| R0.96
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE COOE IDENT NO DRAWING NO
A | 96214 SKDD302

SCALE

N

T1 7918C
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TABLE I.

SPACS II MODULE RE
(CONTI

co
T

RDED TRANSMITTER DATA
NUED)

INPUT POWER LEVEL = +14 DBM

© COMMANDED MEASURED ** PONER POWER SUPPLY*
FREQUENCY | PHASE SETTING|PHASE SETTING | INPUT | OUTPUT GAIN CURRENTS
MHZ |  DEGREES DEGREES VSWR DBM DB MA
- Ad
2217.5 0 |65.9 | Ref.| 1.537 |35 00 [ R \eia |l =97
45 Qw3 [43.6 | a4 |35eit | 200,
90 =25 0] foss | 1622 |25.23 |11 T Ly = 3T
135 ~5'o) | 125.0] 1457 |ZL i 2187 )
180 ~132.7]195.6 | 1.4 [2S.07 |16 Logy =’_‘763
225 114 2252 0355 |25 b | K113
270 123.6|287.3] 1. 458 .22 | aleln
315 lo3.2)322.7| 1-339 |2S 15 | Rl.10
2259.5 0 a9 Ref. | haao [25.16 [R1em0 Tey i A
45 L\(5145.0 [ le)l 85 | 5.4 |10
90 145.5]142.0 | |-V le |3Se1l [Rielk |1, = 3F
135 10.6[134.9 | [«383 |3 %I [ 20.9¢
180 |49.9]185.0 | . 312 [25.08 |2l |1y =_8So
; 225 4.5]222.0[ [, 469 [|3F.22]| Rl7o
: 270 -43.00280.5] |. 31 |2¥.01 | Rl
315 ~es.4 222 144 | 3410 | 2000
2287.5 o [0tV | Ref 13N [3hal | 20021 (I, =91
45 ba.a [46.5 [ 1226 | 24, 24| 20,34
90 He $ |96.9 |1.3%4C | 24637 | R0 Ly * 3¢
135 —30eH 139.1 | 1edes | 24.0R | R0ec
180 ~%3.0[141.1 | 1«97 24 A5 | a0enS - 650
225 -126.3|225.0| |+350 |24 32| 0.3
270 ~172.3| 26 1.0] e S22 0 | 34.220 | 0RO
l 315 14647 |2A)-8] 1,467 | 34.05 | Re.05
_ o
*Current measured at 0° phase setting only.
**0Only 0° setting is measured on center modules (P/N SK 446962-1)
SIZE CODE IDENT NO DRAWING NO
A | 96214 SKDD302
SCALE REV ISHEET 4
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TABLE II. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(ROOM TEMPERATURE ONLY)

INPUT POWER LEVEL = -40 DBM

133 [14w0]1549] 1-64)
180 —H.\ [ )80.0] 1.4 8¢
225 ~%8./|229,0| - 435
270 13,88k, T 1. 5S¢
315 L \10.5]207.4| 1. 625

30.‘1 1308"'

2zl |I12.310
233¢ '30151
30.3 | \14.\5]

COMMANDED MEASURED ** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTING INPUT GAIN DELAY CURRENTS
MHZ DEGREES DEGREE d VSWR D8 NSEC MA
2030.9 o |14 Reb| L5aT | 3l [16.om8 [1,, - _97
45 ~144.0145,¢ | leeol | 30.9 | 16,7137
9  |Me.o|n7.C [1.738 | a8.0 |I7.035]; . 35
135 1¢5.4 |16 1. 216 | 29.4 | 17-34
180 gl |1B0e4[1. 958 [3le) |le-¥5S
225 24.9 (2260 M9 | Bl. o [ (6T
270 -3.6 [265.2] |.M183 | 28.F | 16+376
315 —40.9|3025| 1.166 |R9+6 |16.99%
2041.9 0 [éRel|Refs [ 1.2301 [32.0 [144900 f1, = _9T
| a5 19971 43.3] 10345 [3Re3 [ 14374
90 [1be5] ®lad]| 1e330 |98 [I5.197 Loy = 35
> 135 |76t (1l | 12354 30.96 |15.349 <
: 180 16,0 | 181.9] |54 | 223 | 14. 4%
225 20.4[228.3| |. |81 [3=2e%® |14-ST)
270 |6v.5|26k.H 199 | 2o | (4794
315 108343206, || 1220 |31.50 | 18737
2052.9 0 1259 | Ref | 1711 3xsbl |13.797 |1, - 4%
45 2.% |48.] | 1M} |35 | 1440
90 So.422.5] 1-636 | R9.37 | 14191 |1y = DS

*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N

SK446962-1)

SIZE COOE IDENT NO

A | 96214

DRAWNG NO

SKDD302

SCALE REV

T1-7915C




TABLE II.

SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA

(CONTINUED)
INPUT POWER LEVEL = -40 DBM
COMMANDED MEASURED ** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT GAIN DELAY CURRENTS
MHZ DEGREES DEGREEE¢ VSWR DB NSEC MA
2074.15 0 27,2 ?\J;. eS| 3.8 AL S B sl
i 45 -3\'3\.3 44-5 %3 3ael| |ReEL,
4 90 =52, 7799 | 1.QT3 |39, 6 | ipesse Ly = =5
| s Fas|lang| aaeo [20.6 | 13.0iz
; 180 —148S| 1NSS] [0 140 |2 26 [4e00¢
’ 225 15,0 [227.5] i.02%8 |2a.7 | 13e0i2
270 [R2.5ab4,N] 1o 181 | =05 | 1515
' 315 81.8 [205.H 1337 | 20.7 [ 132.420
2095. 4 0 |-Mn.o|Ref [1.285 [31.95 [ ieatoz |1, - 97
a5 [F122.6)45.6| L=l 300 |14 60
90 (52,2 78,3 |.29¢ | 25.5 (t.5t3 Ly * 35
135 1621 [119.9 11,455 |22 | 14695
180 106 (763 1,445 | 223 | i4. 185
225 549.0 (2240 |.=28, | 2.5 [13.9%°
270 2.9 5] ] .81 | R4 12652
315 18,9 |20l.8] |. 260 | 30.% | 12.825
2106.4 0 1340 Rete | 1902 | B1.5 | 15.67T2 Tey ™ 11
45 179.5 | 4Ge5] 1712 | 30-% | 1S.3219
90 \s0.0|N¢ .0l VN4 | RT3 | §98i S 35
135 104.9 [)alot] i. ¢85 | 20.96 |1N.005
180 So.5 | )75.5] 1«46 | 2l [/5.45T
225 3.7 |n222] .34 | 215 |14.989
279 =20.1 256l 1426 | 39.6 |15.220
315 ~12.51399.5] 1.4%3 | 30.95 | 1b.505]
- .
*Current measured at 0° phase setting only.
E*Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE CODE IDENT NO DRAWING NO
A | 96214 $KDD302
SCALE ls..EE-r 6

I
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TABLE II. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)
INPUT POWER LEVEL = -40 DBM
COMMANDED EASURED"J TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTIN INPUT GAIN DELAY CURRENT
MHZ DEGREES DEGREES ¢ VSWR D8 NSEC MA
2117.4 0 |t4.0| Ref, | 3.7223 &‘l.g \‘R-\;ﬂ Iy * 97
45 [18.F |4S.&| 2.693 | R9s R 38]
0 |g.5|76.5[3.90) |2 |35 . 38
135 (20,6 [1R6.4[3.48] (9.2 |I12.%sF
180 |07 |I74.7 [m.h3) [30e3 | 12017
225 -55,7[(19.T|2.727 |30l [IR.A3
270 |=90.8|aSh8|=.094 286 |[Iz.30
315 |l1Zalzoa.4[3.510 | *T.& [13.99/
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
SI2% COOE 10ENT NO ORAWING NO
A | 96214 SKDD302
SCALE REV [scrr 7

Ti-7915C




TABLE III. SPACS II MODULE ADDITIONAL RECEIVER TEST DATA I
(NOISE FIGURE AND COMPRESSION AT -

ROOM TEMPERATURE ONLY) &~ 7
RECEIVER RECEIVER RECEIVER ANTENNA PORT
NOISE NOISE OUTPUT 1 DB INPUT POWER |  RECEIVER
FREQUENCY |  FIGURE TEMPERATURE | COMPRESSION POINT LEVEL GAIN
MHZ DB °K : DBM DBM DB
2030.9 7.0 by +2.%5 ~ Ri.g EETICH
2041.9 tL.c5 $178 R -3 .5 T4e01
2052.9 5.9 82§ +3.¢3 -28.3 21.93
2074.15 el lo36 2.3 —22.Y 233.9)
2095.4 e q19 + CL.vs st 0 K il T e D
2106.4 5.% g~ + a0 —aMed Selt
i S Ly a
2117.4 5.5 g A AT — R A =N, 57

TABLE IV. SPACS II MODULE DUPLEX EVALUATION
TESTS FOR RECEIVER COMPRESSION

RECEIVE LEVEL (DBM) TRANSMIT LEVEL (DBM) FREQUENCY (MHZ) | LOAD VSWR
AT ANTENNA AT RCV OUTPUT AT ANTENNA AT RCV OUTPUT XMIT/RCV ]
-40 -%.0 - s 0FF/2081.9 1.6:1
-40 — 0.0 > +35 +(.0 2217.5/2041.9 1.6:1
-40 -%.5 - —_ OFF/2106.4 1.6:1
-40 4.0 > +35 — 20 2287.5/2106.4 1.6:1

SIZE COOE IDENT NO DRAWING NO

Al 96214 SKDD302

8

SCALE

e [seer
. 72
| 4

[t



TABLE 1IV.

EVALUATION (ROOM TEMPERATURE) SUMMARY

DUPLEX OPERATION CONTINUED, INTERMODULATION PRODUCT

INTERMODULATION FREQUENCY/DBC

FREQUENCY (MHZ) [L0AD vswr|  F1/IM1 F2/IM2 F3/1M3 F4/ M4
XMIT/RCVR
2217.5/2041.9 1051 | 230 > 4o > 4o —
2217.5/2041.9 1.6:1 '> 3 2390 My
o
7 a0 Ed
2287.5/2106.4 1.05:1 |
> %0 > <o > 4o

SIZE CODE WDENT NO DRAWING NO

A | 96214 SKDD302

SCALE BEy LSNEET 9

TI-7915C




lo dB/D3iv

TABLE V.

SPACS II MODULE - DUPLEX OPERATION, PULSE
MODULATION TESTS, PHOTOGRAPHS

2041.9 MHZ

()

TRANSMITTER OFF

RECEIVE CARRIER
fR=2041.9 MHZ

INPUT = -40 DBM

OUTPUT = o DB

/Dy,

(8)

TRANSMITTER ON
fT=2217.5 MHZ

RECEIVE CARRIER
fR=2041.9 MHZ

INPUT = -40 DBM
OUTPUT = BM
ur \OOOD
~

Al 96214 SKDD302 é '?/5
scaLe REV [seer 10

T1-7915C
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TABLE V. PULSED MODULATION PHOTOGRAPHS CONTINUED

Peron g eesa

2106.4 MHZ

(c)
TRANSMITTER OFF
RECEIVE CARRIER

fR=2106.4 MHZ
INPUT = -40 DBM

OUTPUT = DB
S L

| MRZ /D'\v
(0)

TRANSMITTER ON
fT=2287.5 MHZ

RECEIVE CARRIER
fR=2106.4 MHZ

INPUT = -40 DBM
OUTPUT = ¢ .QDBM
-~

SIZE CODE IDENT NO DRAWING NO

A | 96214 SKDD302 g%%f

SCALE REV l SHEET n

/ T1-7915C




TABLE VI. SPACS II MODULE SUMMARY OF L-BAND RECEIVER

SECTION OF MOODULE

o ———

ANTENNA CONNECTOR L-BAND CORRESPONDING
FREQUENCY POWER LEVEL INSERTION LOSS NOISE TEMPERATURE
MHZ DBM D8 K°
e
1600 N.R- Vo A e None
!
1775.5 I
1803. 65
1831.8 !
2000 k
v \4 \/
Fz-s- COOE IDENT NO ] DRAWING MO
A | 96214 SKDD302 j-%%?
SCALE REV ISHEET 12 )

Ti-7918C

e
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SPACS II - TRANSMIT/RECEIVE MICROELECTRONICS MODULE
MEASUREMENT DATA SHEETS FOR OUTER MODULES
(P/N SK784010-1) AND FOR CENTER MODULES
(P/N SK446962-1)

ﬁ; l a4 8
‘ - APPLICATION REVISIONS
NEXT ASSY USED ON LTR OESCRFTION OATE APPROVED
SK784010-1 1207 {
SK446962-1 1207

A A AA A4 Aa

‘.H REF: NASA/JSC  HOUSTON, TEXAS '
CONTRACT: NAS9-14485 A/T F'mx,\ :Dm'h\ s N-15-15
MODULE PART Neer S K 184-010—)
MODULE SERIAL NMBER OO
(RECORD)
REV
SHEET
REV STATUS REV
OF SHEETS SHEET
ESS OTHERW c- ) . J
§§.‘f§=:uc;'; Rwise SpECIFIE ;,i: . TEXAS'JON.S'J-I}'Q:A ENTS
3‘&5‘! acmu:.oxo Equipment Growp Delss, Toxss
2 PLACE DECIMALY 02
DeRTIrinG nowsens : S- ' SPACS 11-TRANSMIT/RECEIVE 1
FOR REFERENCE ONLY QA b MICROELECTRONICS MODULE MEASUREMENT -
ST e DATA SHEETS j
CONTR NO CODE DENT NO ORAWING NO Y
DESIGN ACTIVITY RELEASE 962‘4 . SKDD302 4

[==1 or 12

Ti-9983-¢
”

5ﬁ4?




A

TABLE I. SPACS II MODULE RECORDED TRANSMITTER DATA
(ROOM TEMPERATURE ONLY)
INPUT POWER LEVEL = +12 DBM
COMMANDED | MEASURED ## POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES DEGRE VSWR DBM DB MA
2217.5 0 83.2 | Ref, | 1.¢59 |34.97 | 22.9) gy =0l
45 42.0| 41.2| 1.215 |z35.2) 7.3.2.’!’r
0 |-2.2|85,4][2:0%2 |34.063] 2% Loy =
135 ~%0.5]123.7| 2-090 |34.76 2256
180 |-106.4]i97.0] 1.63¢ | 34.5% | 22-5C
25 |-ithe|220.0| 1. 151 | 248322 83 . _Tao
270 lies.4 |24, 8 (.91 | 3407 | 22.M0
315 1284 214.8] 1141 |24.T15| 22.75
225¢.5 0 -131.g| Ref. [1-390 |2¢.0T |[Z4.07 gy =_/°f
45 1s.2| 45,0 2.069 35.3\ |23-8/
%0 13601 B4u 1] 1-39C [3S.68 2368} 4p
135 30.8|133.4| 1154 |35.82]23.82] 1%
180 38.5019|.0 | .045 | 3571 | 23.9)
225 |=7.9[225.1f1.357 |35.79}1=3.80) - "o
270 —47.3| 200, 5] [+ )15 | 35.65| 23.45
315 -96.||316.3] |- 2] |35.0a| &3."a
2287.5 0 6%.9 |Ref. | 1,610 |B5.¢1 [23.¢) g, =_l°I
5 [34.4|3%.57| ).952 | 3551 | 23.5]
90 |-25.4|{94.3| 1-34s [ 2538 Az Ly = 4
135 -06.0| (34.9] 1.9 | 35.]5] 323
180 [=114.9]193.9 | 1.387 | 25.94[23.44 |1, - 40
225 -149.51214.4| VeS8 | 2S.a5| az.a5]
270 I54.1|2.74,8] 1-R¢0 |25.2¢4|3.3¢
315 He&1317.1] o194 | 35.94¢ |R2.46
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE COOE IDENT NO DRAWING NO
Al 96214 SKKDD302
SCALE REV lw 2

TI-7915C

]
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TABLE I. SPACS I1 MODULE RECORDED TRANSMITTER DATA
(CONT INUED
INPUT POWER LEVEL = +13 DBM
COMMANDED MEASURED ** POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTING| INPUT | ouTPuT GAIN CURRENTS
%7 DEGREES DEGREES VSWR DBM D8 MA
2217.5 o |52.2| Rk, | 1.823 |24.9¢ [21.95 |1 - Jo
45 42.8 5‘7.&- o259 35.19‘; zio LI: SV .5
g0  [F12:5] q4um | 2,055 |BS.05 25T L 4y
135 |43 125.5] 2-071 |31 |Z1ede 1A
180 —log5]190.7| 1.790 |3472 | 2/+73 Ly =130
225 —1449|227.1| 1.388 |24.9¢| 21.93
270 1600 [282.2 |e895 | 3503 | 22.02
315 1221|315, le90T |34.9] | 2\.%0
225. 5 0 -188.9| Ref. | .408 [35.9¢ [22-98 |1~ - /0|
45 7.1 |45.0] 10615 |35.%3 | 22.85
90 134.5] 96,6 | 1+ 222 35.13| 22."s ; . 42
135 [88.5] 13| 1-BoT | 2524 22. 257 1A
225 =C.5122n0,¢] \+=SS 35. 97| 22 .91
270 —49.0 2No. | lel&p | 354 227
315 ~15.4216.7] 1.3a8 | 35.0(| 22.1¢
2287.5 0 (5.5 R?_'{:- ‘Tstfz 35.Nc |22.%73 I - /o/
45 25,1 |30 4| 1536 | 3564 ] 22.07 S5V
90 20| 9a.b] 1. 483 | 33.33 22.36 Ly ® 4
135 1631318 1-43¢ | 35.34| 22.37
180 ~119.0| 184.5| 1.2¢8 | 25.63 | RR.60 Lypy ™ Ngo
225 ~154322).8|1.214 |=25.47 | 22.5)
270 150,9| 294.(| \ - 403 |3s. 41 | 22. 4%
315 NLE|312.9| 1e347 |25.57 | 22.6°
*Curren—t measured at 0° phase setting only.
**0nly 0° setting is measured on center modules (P/N SK446962-1)
. SIZE COOE IDENT NO DRAWING NO
A | 96214 SKDD302
eals rev 3 ¢

Ty 7915C
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TABLE I. SPACS II MODULE RECORDED TRANSMITTER DATA
(CONTINUED)

INPUT POWER LEVEL = +14 DBM

NE—

o . COMMANDED |  MEASURED ** PONER POWER SUPPLY*
FREQUENCY | PHASE SETTING|PHASE SETTING | INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES DEGREEAS P VSWR DBM DB MA
P2—2i7.5 0 §2.7 Re_-('.' 1+989 [ 34.85|2.35 | - o
45 44..4.. 3%.3 io+°4‘ 34‘.%7 ’Zooqq 5V _-L
90 bl Gk ) | AR JES %] 21003 Ly = L
135 |43.6|12(.3] 2.055[>¢.5 | 207
180 [-r08.q [90.9| [-7¢5 | 3% 6 20'7,’ Loav - 140
225 —\5'3.54 226,2] 143 | 24.25 | 2o.8b
270 160.3]252.4| 1. 805 |24.97 | 2l.00
315 I2n.3|215.4] |.99° |24.85| 20.86
225Y.5 0 -3 Ref [1-559 [35.90 [21-92 |1, - /o]
a5 .8 | 44.3|1-954 | 35-3¢ | 2).89
90 1233l g 5 [1.a50 | 2507 | 21-T17 Ly = 4z
135 99.4 12| 1. 485 | 35.82 ] =21. 2%
180 29.8|/g3.2| - 33% |3s.99[=1.99 |1, - 720
i 225 -S.0|229.) le 32N |235.95 | 2197
; 270 -44.6|27.7 1. 2S1 |25.74|21.7T6
‘_ ns 949 1216.8| 1«51 |35 =113
2287.5 0 66.0[Ref, [ 1656 [35.72 [2laT2 Iy, = _/0l
45 27.8129.9 [ 1231 |35.64 | 2170 —_—
90 —29.7|94.3| 1.611 |35.35] 21.3¢ Ly * |
135 -65.5]133.| |«6af | 25-40| 214
180 —s.2|184.3] 1. 51C |35.69 |07 4y . F20
225 —IS5.8]222.4] |-3a5 | 35.59 | *1.59
270 147.0 27,4 | | 585 |35, 45| Q1.4¢
i 315 W24 3\+.Q_ le 55 35.59| &l. 060
i
N U S
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK 446962-1)
SIZE COODE IDENT NO DRAWING NO
A | 96214 SKDD302
scaLe REV SHEET 4

. : (;/




X

TABLE II. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(ROOM TEMPERATURE ONLY)
INPUT POWER LEVEL = -40 DBM
COMMANDED MEASURED ** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTING INPUT GAIN DELAY CURRENTS
MHZ DEGREES DEGRZ% VSWR D8 NSEC MA
2030.9 0 2| Refe [ 1,097 [ 3R.18] 13.97 Iy, * Jo O
85 22l 43.9 ] 1,870 |3a.59| 14.66
90 -"0.7 3. /.6 18 32,01 ]1‘.6‘7 I'IZV o
135 ,ﬂ.d(aq..f)_ 1598 | 28| 13496
180 103.6]173.2] l.694 |31.90 | /3.38
225 62.3|219.5| 1. 33 [32.33 | I3-70
270 15.0 | 260, 81,657 |Fa-21] 13.9¢
315 26.3[208.1[/.693 |21 8| 13.75
2081.9 o |-1azg Ref. [1.315 [ 321 | IS.44- |1, - _/0°
| 45 179.9] 46.6 |1-3S¢ | 3210 | IS
90 140.2] ¢¢.all343 |3R35]|/4e8C |1, - 4z
» 135 1083|214, | 1,281 |3l.72|14. 47
| 180 8o |jns.n | [+395 |3.27 [ [4. M
225 7.3 |2\4.y | [« 45 |B3R95 | 46N
270 40,2 2.6, G] o428 | 3R | 1464
N5 80.8]|307.2] 1487 | 32.66|14.95
2052.9 o [16s.2|Refe] 1909 | B3.22| 130 f1,, - _/00
45 Ne.7|44S| 1.7767 | 33.58 | 12.9%
90 3.2 [ 19| 1.014 [32.79 | 13.50 |1y, = _£Z=_
135 45.0|119.2] .62 | 3a.50| 1397
180 -6o7 [169.9 | |.55¢ |33.a9| 1R.5%
225 —Sog|2\4.0] .Sgo [ B3t.%| 4,09 |
270 9801 |26(.3| 10643 | 33.81 |14, 06
N5 [~l40.0|202,2] .66l 33,34 | /4. L

*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)

e
COOE 10ENT NO

o
ORAWING NO

A | 96214 k00302 |
SCALE REV 5 TQJ
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TABLE II.

SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)

INPUT POWER LEVEL = -40 DBM

COMMANDED MEASURED ** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT GAIN DELAY CURRENTS
MHZ DEGREES DEGREES & VSWR DB NSEC MA
2074.15 0 65,7 | Ret. [2044 |33.09 |/2.32 I, =199
45 4.6 |44.3|R39 |22S5| .55
90 M8 g2z |23 | 12351, - _TZ
135 [FSL2)i1zs.)|2e92 | 3R.3711R.7%
180 ~io%d |13, 5] 2.68 | 3x.89 i A
225 |-1S6.8[222,7(2- 5% [33.1) | 13.07
- 156.5|247 .4 2+858 | 2Re36| 2. i
315 N4 1 |311.8]5e 55 | 3R.3] 1197
2095.4 0 [|-33.8|Ref | lhagq | 3288 | 6.9 |1, - _/o0
45 <8 N|48.9| -ST | 22-57| 1$. 44
90  |~I11.§| goio] 14753 [3ReR0 | i4u 5SS, - t+2z
135 ~16.8]13).d 1. 228 | 3R.27 | ($.04
180 147 | 70.51 1130 | 293 1a.806
225 1016|224, (| 1-©37 |32. 77| ix.78
270 S58.5 |2n.4| 1609 | 224 | 13.2%
315 1£.0 |B)0.5] 1.60%F | 321 | 12.90
2106.4 o |~88n|Ret. | 1,989 [33.88 |16.92 |1, - _/00
45 -139.9]51.2] 1. 255 |33.5¢ /0.8
o |4l gea]l-4e3 [2az]isies |1, - £
135 1397|131, 6| 1«50 | FR.38 | /4,59
180 97,7 [ina.| 500 | 32401 figL
225 50.9 fzzo.4] 145 | B8] 4.
279 6ot | 204 e FIS | 2R 065 Ita0¢
315 —-35%|305,0| I* Hix 332,69 | 14.18F
R
*Current measured at 0° phase setting only.
PF*Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE COOE IDENT NO DRAWING NO
A | 96214 $KDD302
scaLe REV Isues'r 6

—
=
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TABLE II. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)
INPUT POWER LEVEL = -40 DBM
COMMANDED MEASURED** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTIN INPUT GAIN DELAY CURRENT
MHZ DEGREES DEGRng VSWR DB NSEC MA
2117.4 0 |55y Refe | leSTM | 23,457 /€.95 Iy, =_l00
90 |0.6[83.0 | 143|323 (1S5.19 | Ly = 4%
135 el |I22.4 |- 228 |3R16 | 15(S
180 3% 4 |164.9 | |+ 6 [3R-8D 5. 44
225 |-%3 |201.0] Vo) 99 |B3-IS |/S.60
270 -SR.Q 25"3 'o a‘ﬁ 2332.00 ls‘ '77
N5 |-93.8|29%.)| 1. 302 232,06 | |6.ST
*Current measured at N° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
[FSIZE | COOE 'OENT NG ] DRAWING MO
A | 96214 SKkDD302
—— nev o= 7

TI-7915C




TABLE III. SPACS II MODULE ADDITIONAL RECEIVER TEST DATA
(NOISE FIGURE AND COMPRESSION AT
ROOM TEMPERATURE ONLY)
RECEIVER RECEIVER RECEIVER ANTENNA PORT
NOISE NOISE OUTPUT 1 DB INPUT POWER |  RECEIVER
FREQUENCY FIGURE TEMPERATURE | COMPRESSION POINT LEVEL GAIN
MHZ DB °K DBM DBM DB
2030.9 5e95 ¥52 +b.%5 — 23.%94 20.89
2041.9 5, 7 757 4. B -23.%7 32,28
2052.9 - e 729 =N.67 —-25.%9 2S.5¢
» | -
2074.15 5.% /3 4 S —25.3 2350
2‘]’9:: Se | C4% +#.%7 —25.42 | 3¢, 52
06. 53 bc? +%. 8% -24.24 | 32.0%
2117.4 4.3 52 - -
+8.32 —-24.%6 | 33 .21
TABLE IV. SPACS I MODULE DUPLEX EVALUATION
TESTS FOR RECEIVER COMPRESSION
RECEIVE LEVEL (DBM) TRANSMIT LEVEL (DBM) FREQUENCY (MHZ) | LOAD VSuR
AT ANTENNA AT RCV OUTPUT AT ANTENNA AT RCV OUTPUT XMIT/RCV 1
-40 . - S OFF/2041.9 1.6:1
-40 —\1.0 > +35 +%.0 2217.5/2041.9 1.6:1
-40 S 0 -- —_— OFF/2106.4 1.6:1
-40 > +35 2287.5/2106.4 1.6:1
P 6 no - l Q L] 0 .

SIZE

COOE IDENT NO

96214

DRAWING NO

SKDD302

SCALE

I SHEET

8

T1-7915C
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TABLE IV. DUPLEX OPERATION CONTINUED, INTERMODULATION PRODUCT
EVALUATION (ROOM TEMPERATURE) SUMMARY

INTERMODULATION FREQUENCY/DBC

FREQUENCY (MHZ) |L0AD vswr|  F1/1Mi F2/1M2 F3/IM3 F4/IM4
XMIT/RCVR
2217.572001.9 | 1051 | P>3° | S4p >4o -
2217.5/2041.9 1.6:1 2890 n
: > 30 >S40 _
220
2287.5/2106.4 1.05:1

P40 | > 4o > 4o

2287.5/2106.4 1.6:1
>20 | S0 | Sq0 | ——

S ————
SiZE COOE IDENT NO DRAWING NO

A | 96214 SKDD302




Jo Js/al:v.

TABLE V.

SPACS 11 MODULE - DUPLEX OPERATION, PULSE

MODULATION TESTS, PHOTOGRAPHS

2041.9 MHZ

2041.9 MHZ

(R)

TRANSMITTER OFF

RECEIVE CARRIER
fR=2041 .9 MHZ

INPUT = -40 DBM
ouTPUT =/‘].°DBM

—{ ke— | MH=z/Dv

(8)
TRANSMITTER ON
f=2217.5 MHZ

RECEIVE CARRIER

fR=2041.9 MHZ

INPUT = -40 DBM
OUTPUT = y|.90BM
rd

SIZE DRAWNG NO
A 9 6 2 1 4 SKDD302 A< =
SCALE REV U

Ti-7915C




TABLE V. PULSED MODULATION PHOTOGRAPHS CONTINUED

2106.4 MHZ

(€)
TRANSMITTER OFF
RECEIVE CARRIER

fa=2106.4 Mz
INPUT = -40 DBM

OUTPUT = ¢°.°DBH
7

e s Mz >

2106.4 MHZ

| Myz/Piv.
(0

TRANSMITTER ON
fT=2287.5 MHZ

RECEIVE CARRIER
fR=2106.4 MHZ

INPUT = -40 DBM
OUTPUT = ( ,ODBM
re

A | 96214 oz 3T |
[seer

/’ TI-7915C



TABLE VI. SPACS Il MODULE SUMMARY OF L-BAND RECEIVER

SECTION OF MODULE

S

ANTENNA CONNECTOR L-BAND CORRE SPONDING
FREQUENCY POWER LEVEL INSERTION LOSS unI3E TEMPERATURE
MHZ DBM 08 3
B P
1600 N . H » ,"4 . A - IV s P e
1775.5 ! | ;
1803.65 ‘ :’ !
i f
1831.8 g
2000 V \/‘/ \/
SIZE COOE IDENT NO DRAWING NO

A | 96214

SKDD302

SCALE

SEFLD

l“ﬁ

TI-7915C
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APPLICATION REVISIONS
NEXT ASSY USED ON LTR OESCRPTION DATE APPROVED
SK784010-1 1207 [
SK446962-1 1207

L amm & aum 4
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SPACS II - TRANSMIT/RECEIVE MICROELECTRONICS MODULE
MEASUREMENT DATA SHEETS FOR OUTER MODULES
(P/N SK784010-1) AND FOR CENTER MODULES
(P/N SK446962-1)

REF: NASA/JSC HOUSTON, TEXAS

CONTRACT: NAS9-14485 A /L]' F:Y\&.\ Dt 8= —15

MODULE PART NuMBer S K] g?é olo—| |
MODULE SERIAL NuMBeER DO ;;

=N

REV
SHEET
REV STATUS REV
OF SHEETS SHEET
T WD by Teas InsTRuMENTS
3'3‘&52 Eét':mm.z‘oxo e Equipment Group Detiss, Texss
2 PLACE DECIMAL: 02
SHOWN 1N PARENTHESES . S-|s- I SPACS II-TRANSMIT/RECEIVE ]
e il R QA ‘ MICROELECTRONICS MODULE MEASUREMENT 1
&3‘%‘&%& D DATA SHEETS
CONTR NO SIZE CODE IDENT NO | DRAWING NO |
DESIGN ACTIVITY RELEASE A 962' 4 s SKDD302 E
SCALE l T.m 1 0F 12
Ti-essc ? ) ; ; g

e/




TABLE I.

SPACS II MODULE RECORDED TRANSMITTER DATA

(ROOM TEMPERATURE ONLY)

INPUT POWER LEVEL = +12 DBM

COMMANDED MEASURED ws POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES DEGREES | VSWR DBM DB MA
2217.5 0 L1 Re | 1644 | 35.8) |=2.82 I... = [02<
45 ol 40,0 1sS5x 25.54 | 32,85
90 |-52.5]102.6 | 1098 |25.62 a:—s.{»# Ly = 3%
135 [=26,6[120.7 | 1.367 2559 | 3.0
180 . 19a02] 1o 508 25,006 | %32.01
225 -7 4|236.5] le4l% |35,N8 | 23.185 Loy * [oxo
270 124.9 | e 12X [BS e | 33,066
315 96.6 [B1$.5| [enndas |25 NT | R3.82
225Y.5 0 [H32.0|Reft | 1723 |36.20 | R4 | I, = (03
45 |IM.1 [4%eT | 10306 |BGeIS [R4E.NC
90 1283 771 | [e144 |2¢.a0 | R4eat] by ° 25
135 §S.6 |14 |.46C | Toor2 ]| 24,22
180 35.5|192e5 | (. 4S5 | 3620 | RFea|
225 flood 3304|617 | 3614 | 3414 | 1, = 380
270 =S¢ N3N [.408 |35.95 | BJI6
315 -96.5]32%:5| |«995 | 36,10 | 4.0
2287.5 0 U3 |Ref. | 1155 |3s.4= 2343 |1, = _lo=xx
45 42,61 4. 2| iDoa | 25.05 | R3.06
0 [-3.4)l0 | 1055|350 13 [ RBON | 1),y = BE
135 —42,1] 1249 | 1:840 | 34.%0 | S&TI
180 [35.af 1o | ledo) |B4.52] RRE5] 1, = 130
225  F4gn|=2ns| 1.4 | 34.99 | >30T
270 191.6]280. 4 2. 19 | 34.93 | 2.1
315 14%.0|203.3|a.45¢ | 2426 | XR.R)
T——
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE COOE IDENT NO DRAWING NO
Al 96214 SKKDD302
SCALE REV LS”EET 2 -

TI-7918C
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TABLE I. SPACS II MODULE RECORDED TRANSMITTER DATA
(CONTINUED
INPUT POWER LEVEL = +13 DBM
COMMANDED MEASURED ** POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTING| INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES oesazzis VSWR DBM 08 A
2217.5 0 SIL5|Refs | oS0l [35.67 368 |1 . OB
45 He8 |39.0 | 1576 | 35,7 | 32123
90 -5%.5] [0R.0 | leaSa [35.55 B35y, - 3¢
135 489.4| 140.9 | [AI | 3551 |8R53
180 $129.4|190.9 | 1.351 |3s5.65 an.65 Ly - /oo
225 -\'n.‘.\iam.‘] l.368 [35.43| Aa.é3
270 136.7|204.8 | I+ 203 |B5.54| AR5
N5 [99.6]312.5] . 129 | 35.63] 3.4
225.5 0 —z3.0| Refl | l.ta2 |3C.14 |R3.13 g, = _lo=
45 1M9.5] 46.5 | 1,209 [3€.06 |23.006
90 139.2| 99,0 | 1,047 [36.1l |30 |1, = 39
135 87.0[129.3] 1.4%6 [36.19 | R3.19
180 38.9[190.¢] |, a3 |36.\0 | 2316 |1,,, = _F00o
225 Bl |24 H | 44 S [36.03 | 3303
270 sa.slang. 1| 1. 35¢ |35-81 AR.80
315 —T4.||220.4] 1.6 | 36. 04| R3.03
2287.5 0 32,6 [ Refl | l.6(S |35.56|aae55 |1, = /o
45 2M5[45.1 | [ 65¢ | 3525|324
0 a.Clqs.7q 1465 | 35.0| KD, = S
135 -56.5]128.6] |eS90 | 35. 9| QeAq
180 [-loa]183.3] 1. 2080 | 35437 AR381,, - T30
225 -\1-a.q.a3|.| 6671 [|3Selb |RAnelS
270 1652134 1,129 |35.33 | RA.FX
315 133.4-]2(3.34 2. 047 | 3S. 25|24
*Current measured at 0° phase setting only.
*#*0nly 0° setting is measured on center modules (P/N SK446962-1)
: SIZE CODE IDENT NO DRAWING NO
A | 96214 SKDD302
SCALE REV l"““ 3

11-7918C
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TABLE I.

SPACS II MODULE RECORDED TRANSMITTER DATA

(CONTINUED)
INPUT POWER LEVEL = +14 DBM
f COMMANDED MEASURED ** PONER POWER SUPPLY*
FREQUENCY | PHASE SETTING|PHASE SETTING | INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES DEGREE& VSWR DBM DB MA
2217.5 0 [SELARef |47 [25.cc [RV.63 |1, = (3%
45 |12.0]29.9 |1.634|35.7) |Ri.68
90 -48.57/00.4 | 1,436 [2S.5> |04 | - 34
135 85,3 [39.5] 1.239  |35.45 | 3.
180 ~126.] 18909 | 1.28S [BS b | 2.2, = 1020
225 5. a2l 1,283 |B5.63 | X157
270 128.5 |34 | |- 475 |Bc-Ss|Rl-S|
315 1015|2104 | 1«29 | 3S.00| 3157
peop.5 0 H134,5 | Ref. | o230 2614 [RRe12 I, = _0R
45 ~Ima.51 440 | 1.5 [26s0l R 7
90 3165|454 | ler13 |30 04 | 2R 1, = 34
135 $7.9 |137.3 | les59) |3G-l6 | =215
180 2.1 [189.0 [1-V1e |Thid [ &3e] fy, = TR0
| 225 6.2 [231.5[-442 [25-99 | Ri-98
' 270 S 1e2|aN6.5( (438 [|35.t+ | R1.82
315 =939 3. 1:N02 |2é.05 | aanedt
2287.5 0 m8.8 [Refe | o189 [35.89 [R1.80 1, = [0
45 35,2 |43.5 | .12l |35.23|R1.33
90 4.2 92.6| 1.4e9 |35.23| VB2, = 3%
135 —584| 13N.54] | 539 | Hzo2n| Hae2Y
180 |-1o94] jee N | 1-25E | Beoqe]| Dl |1, = _8/°
225 — 4444|2330 1. 673 | 3s.23 [RI.22
270 163.5|08.2| 1. 8§94 | 25.2F| =« 34
315 Iad.% |314.0] |. a0 | 3s5.49 | Ri.49
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK 446962-1)
SIZE COOE 1DENT NO DRAWING NO
A| 96214 SKDD302
ScCALE REV Is.,.gg 4

T1-7915C
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TABLE II. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(ROOM TEMPERATURE ONLY)
INPUT POWER LEVEL = -40 DBM
COMMANDED MEASURED ** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING| INPUT GAIN DELAY CURRENTS
MHZ DEGREES DEGREES, VSWR 08 NSEC MA
2030.9 0 —49.6|{ Ref [3:149 | R%:81 | [3.394 Iy, = _/9°
45 [Fl4.4)43,3|R.1S5 | R385 13-537
90  [-8.919.3|=. 182 | R8.05] IRNGT] 1, =_3%
135 1419 | [18.5] 2051 [ 28.5% ‘3-;;'1'7
180 [sa.0| M, 3| Re0NST| BB-B5] 13- =4S
225 3%.6 {2218 [ Re | |R ’8.60 |3.05]
270 |=36]262.0] R R0z | RB6T [IT.A6%
315 ~43,( 3040 | B 19N | R9. 14 |/3. 806
2041.9 0 —154.9| Ref. | 1581 | 30.4¢ | IS.004 lgy = _/00
90 (30,4 4.0 | 1.S&2 [AF. 63 I1S-3le|; . 34
.2) | 16589 1%
135 29.3 | 1160 <570 | 3231
180 |RT.0[1N6.3| 1.Co6 |04 | 1542
225 5.9 |22\ 1| |.5¢3 |32.%0 1 6.i)
270 _ss.\[260.4]1.S5¢ |Bo.29 |ISH ¢S
35 |=99,3[202,6] |.STa | 20. 58 |/5.673
2052.9 0 [45.9 | Ref. | Aottt | Boutn| 121501, = _100®
45 lot. ¥ 41.S | 2.351 | 30.00 | I3.309
90 61.9| 6.0 [z.322[30.33 | 13.96C |1,,, = 3F
135 |a3.0|l%adia. 519 2.0 | 14381
180 3. 1| 1N%.0]|=.8") [2].85] 14-490
225 |79.0|2258| 2.4 19 [3l. 16 | 13757
210 — 1N, 0|26a.3] 5.4 185 | 3096 | 13- RSN
3ns - 160.4 306.3( 2.3 | 31. 34| 12.506
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
’ SiZE COOE I0ENT NO DRAWING NO
A| 96214 SKDD302
SCALE REV

Ti-7915C

e
- &




TABLE II.

SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)

INPUT POWER LEVEL = -40 DBM

COMMANDED MEASURED ** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT GAIN DELAY CURRENTS
MHZ DEGREES DEGREES ;, | VSWR DB NSEC MA
2074.15 0 4. Re-‘.l 2elas | 22.02 | [RET: By ™ jco
45 1.9 |39.9 | 2- 16 | R9.05] /3.2
0 |-3N s |3V [Beote BT, L 39
135 |g1.4| 1317 | 2. 341 | B0 5T | 12715
180 |120.5t190.2 | 3» 2338 | 32,65 | 124301
s |IFe4 gz e 149 |29 | [BGRES
270 VARUS]as7.2] Re\02 | R3,93] 13301
315 q4oc ?DW.’l ?,-i(oc 2062 IQ.’?'}’)
2095. 4 0 =5a.|Refl [ 1S 13900 [1RMso - oo
55 f1os|4et | 1674 [R9.55 |1R.EE
0 Lidll|ea.s| 1esexn [T R 1R L 34
135 01,8 |[2g.\ | 1658 | R1.33|1R-CT
> 180 1R33N 689 .64 | 1198
225 .l |212.8] 1159 | 26327 i« 85T
270 41.9[257.9 \.NI1o | 30.00 [R5
N5 [—4.5]3054] 1,671 |34.81 [[NedeT
2106.4 0 —loq.g Ref. | 1eT03 | 2036 16781, = _/so
45 ~150.9] 41,2 | le64? |29 7% l6.6Gi0
0 |1NS | ga.e] 1.5 | 21.83 Isgof1,, = S+
135 |rana |1R€.5t 1-739 | 39451 | 150625
180 7¢.3|N4.1 | 1.7€5 | 22.86]15.513
225 35.ala15.9] 1.850 | A .97 | |6.057
270 =19 |25%.9 1.3 |20.R5]15.607
315 - 53.8]204.9).7¢) [30.43 |I5.60
"'Cfxfren_t_rr_i_a;ured at 0° phase setting only.
P*0Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE COODE IDENT NO DRAWING NO
A | 96214 SKDD302
ScaLe REV |sesr 6
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TABLE II. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)
INPUT POWER LEVEL = -40 DBM
COMMANDED PEASURED“J TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING INPUT GAIN DELAY CURRENT
MHZ DEGREES DEGRES @ VSWR DB NSEC MA

2117.4 0 =116,0 Ret.|l. 14 |Boob| 19-428 ey * | o0

45 43,3/ 40.9 | 1,153 [30.19 | 18.673

90 |/05.3|99.7 | 1«74 [30.70 | 19.314 Ly = 3%

135 | 60.0|lagol 1 244 [31.3] | )29

180 H..9 |éq.Q l.a%(, 3'-" ‘704‘56

225  [a8.4{nlad] 1.1 | 31004 |9.332¢4

270 |—4.7[3s2. 1. 174 | 21 .44|19.430

35 |-08.6[299.¢) 1. 195 | 21e C6[R04743
*Current measured at N° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)

me DRAWNG NO
A | 96214 SR
SCALE REV 19:}:1' 7

T1-7915C




TABLE III. SPACS II MODULE ADDITIONAL RECEIVER TEST DATA )
(NOISE FIGURE AND COMPRESSION AT G I
ROOM TEMPERATURE ONLY) PB L i
RECEIVER RECEIVER RECEIVER ANTENNA PORT
NOISE NOISE OUTPUT 1 DB INPUT POWER RECEIVER
FREQUENCY FIGURE TEMPERATURE | COMPRESSION POINT LEVEL GAIN
MHZ DB °K ; DBM DBM DB
2030.9 2 labh + eSS -2, =25.4
2041.9 (o9 1121 1.9 -4, 7 R6.S
2052.9 el joGY —«0.279 -—RE.7 ECT
2074.15 (:.S lo“lS +s.<‘_3 -_— .‘3305-
2095.4 :a(:’ 33? _'_é.s.: “.’)'r}..a B‘TOl
o=
2106.4 E_':’ 763 —+ & L -3, 21l
2117.4 . 7 NERY + SN —-2L.D 2ie S
TABLE IV. SPACS Il MODULE DUPLEX EVALUATION
TESTS FOR RECEIVER COMPRESSION
RECEIVE LEVEL (DBM) TRANSMIT LEVEL (DBM) FREQUENCY (MHZ) | LOAD VSWR
AT ANTENNA AT RCV OUTPUT AT ANTENNA AT RCV OUTPUT XMIT/RCV
-40 - 9.0 - OFF/2041.9 1.6:1
-40 —11.0 +35 .8 2217.5/2041.9 1.6:1
-40 —Io.0 - OFF/2106.4 1.6:1
- + . . .6:1
40 —lo.0 35 — 2.0 2287.5/2106.4 1.6
SIZE CODE IDENT NO DRAWING NO
Al 96214 SKDD302
SCALE REV ISHEET 8

TI-7915C
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TABLE IV.

DUPLEX OPERATION CONTINUED, INTERMODULATION PRODUCT

EVALUATION (ROOM TEMPERATURE) SUMMARY

INTERMODULATION FREQUENCY/DBC

FREQUENCY (MHZ) |L0AD vswR|  F1/IM) F2/IM2 F3/IM3 Fa/ M8
XMIT/RCVR
2217.5/2081.9 1osa | 2 32 | > Fo > 40
2217.5/2041.9 1.6:1 2390 my
> 20

2287.5/2106.4 1.05:1

>S40 |7 %o > 40 S —
2287.5/2106.4 1.6:1

> 30 | >90 | Fo _

SIZE | COOE IDENT NO ] DRAWING NO
A | 96214 skoD2
SCALE | nEV 9

T1-7915C
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TABLE V.

SPACS II MODULE - DUPLEX OPERATION, PULSE
MODULATION TESTS, PHOTOGRAPHS

2041.9 MHZ

IR —

2041.9 MHZ

()

TRANSMITTER OFF

RECEIVE CARRIER
fR=2041 .9 MHZ

INPUT = -40 DBM
OUTPUT = q,0DBM

| je— | mHx/Div.

(B)

TRANSMITTER ON
fT=22'l 7.5 MHZ

RECEIVE CARRIER
fR=204'| .9 MHZ

INPUT = -40 DBM
OUTPUT = 0 DBM

-

SIZE DRAWING NO
A | 96214 SKDD302
SCALE REV

TI-7915C

| seesr g
A2 70

-

o v
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TABLE V.

lo dB/Div.

PULSED MODULATION PHOTOGRAPHS CONTINUED

2106.4 MHZ

(€)
TRANSMITTER OFF
RECEIVE CARRIER

fR'2106.4 MHZ
INPUT = -40 DBM

OUTPUT = DBM

2106.4 MHZ —5 | rm-&i/)'.\/.
(

D)

TRANSMITTER ON
fT=2287‘5 MHZ

RECEIVE CARRIER
fR-2106.4 MHZ

INPUT = -40 DBM

OUTPUT = DBM
SIZE COOE IDENT NO DRAWING NO
A | 96214 SKDD302
SCALE REV JSHEE" n

/ Ti-rm1sC




TABLE VI. SPACS II MODULE SUMMARY OF L-BAND RECEIVER
SECTION OF MODULE
ANTENNA CONNECTOR L-BAND CORRE SPONDING
FREQUENCY POWER LEVEL INSERTION LOSS NOISE TEMPERATURE
MHZ 0BM 08 K°
1600 No As N"\A' e e
1775.5 k \
1803. 65 | } ‘
1831.8 ‘ ;
2000 '
\Z v
SIZE COOE IDENT NO DRAWING NO
A | 96214 SKDD302
SCALE REV 12

TI-7918C
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APPLICATION REVISIONS

NEXT ASSY USED ON LTR OESCRTION DATE APPROVED
SK784010-1 1207 [
SK446962-1 1207 i

SPACS II - TRANSMIT/RECEIVE MICROELECTRONICS MODULE
MEASUREMENT DATA SHEETS FOR OUTER MODULES
(P/N SK784010-1) AND FOR CENTER MODULES
(P/N SK446962-1)

N

REF: NASA/JSC HOUSTON, TEXAS

CONTRACT:  NAS9-14485 Afr Fina\ Date t 1-15 -5
MODULE PART NuMBer S K44696a.—|

MODULE SERIAL NUMBER D08

R

A_Ad _AA a4 A4 L

REV
SHEET

REV STATUS REV

OF SHEETS SHEET
DEnsions ane ninenes o ¥ : o Ne * TExAsm! NSTRUMENTS
Ig%{:é"ff-’" * e Equipment Group Daties, Texss
3 PLACE DECImAL: 03°
SHOWN 1N PARENTIHERES . S-[s- SPACS TI-TRANSMIT/RECEIVE
T ERENCe oLy Qa 3 MICROELECTRONICS MODULE MEASUREMENT
z‘fgﬁﬁé’é”%& e . DATA SHEETS

CONTR NO COOE IDENT NO DRAWING NO

96214 | $KDD302

DESIGN ACTIVITY RELEASE

TI-9923-¢
2

—'E>§

] I== 1 0r 32
=4



TABLE I. SPACS Il MODULE RECORDED TRANSMITTER DATA
(ROOM TEMPERATURE ONLY)
INPUT POWER LEVEL = +12 DBM
COMMANDED MEASURED #* POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING INPUT OUTPUT GAIN CURRENTS
MHZ DEGREES DEGREES VSWR DBM DB MA
2217.5 0 3¢.1 | Kao xS 35-.-34 33:\-4— I5V = -
45 N lidere | 1R, RO S I VY I8 4z
50 ’, i | Moy T ——
135 ! ; 5 ;
180 ~f ! .’
J \ H
225 | : J Loy = 950
270 . ; | i
\ : hi :
315 V vV v v v
2254.5 0 ‘“q.+ ?\S‘;;. l.oQ"r 35‘0’5- CENRY XSV = )
45 Nebio] idera ] Tuodee M.fie el
90 Ly = %3
135
180 i r)
225 ’ | Loy * 10
270 | : E
315 \V v Y v V
2287.5 0 I0%.0| Fete [ loodt | 34, 54 |22.%4 | Isy
O i GRUS IEY VR AVY-P VY
90 ; \ \ I]ZV
135 i f
- ( | | Loy
225 i ’
270 \l i ‘ l
315 Vv v, \L
(R———— |
*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
SIZE COOE IDENT NO DRAWING NO
Al 96214 SKKDD302
SCALE REV ISO-EET

TI7918C

C-2-
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TABLE I. SPACS II MODULE RECORDED TRANSMITTER DATA
(CONTINUED
INPUT POWER LEVEL = +13 DBM
COMMANDED MEASURED ** POMER POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTING| INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES DEGREES VSWR DBM DB MA

2217.5 0 3%.9 Re. .38 |35.2% |22.22 Iy = o

45 N'h' N-H N,ﬁ. N'A' N‘A‘ 4_

90 i I = =]

: l } ! vy —=

135 ‘ ' ;

180 ! ‘ / Izzv = _%;.O_

225 ; i

270 ’

315 V|V v v
224.5 0 RSl Refe | 1S | 35,54 22050 [y = O

45 Nonn N.AO 'A‘ N.AO N’A.

90 Ligy ™ 43

135

180 Loy = 6o

225 ,

270

315 \V
2287.5 0 /05,9 Refi | 1u16o |34.99 | 21,99 Iy =2

45 N.A. N.A- N.A. N.Ao N.ho +

90 ;' Ly = T3

135 :

180 'x Izzv - LS_O_

225 ! 5

270 l

315 \V ‘J/ J/

*Current measured at 0° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)

SIZE COOE IDENT NO DRAWING NO
A | 96214 SKDD302
SCALE REV Iso-:rr 3

11 7915C
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TABLE I. SPACS I1 MODULE RECORDED TRANSMITTER DATA
(CONTINUED)

INPUT POWER LEVEL = +14 DBM

i COMMANDED MEASURED ** POWER POWER SUPPLY*
FREQUENCY | PHASE SETTING|PHASE SETTING INPUT | OUTPUT GAIN CURRENTS
MHZ DEGREES DEGREES VSWR DBM DB MA
2217.5 0 M7 |Rev. | 1.S¢ (3521 [Rie1g |1y = O
45 N.‘ .| NeA.| N-RA- |W.E. Nk
- : i : T IS
135 ! 1
180 i Ly =319
225 \;
270 \ ! . ,
315 \i \/ % V Y
45 NeRs| Do Ao No AL [RLE. freoB, P
90 ‘ ' I = 3
\ i : v —
135 | 'l
180 ! ’ | ; Ly =820
| 225 | |
S 210 5 : | 3 v
: 315 \/ v v v
2087.5 | 0 oo Ret. | Vo319 [ 35,05 | Q1008 |1, =_©
45 NeA.| NeA. r).f., Neoh- 1.A. dia
90 Hay ™ wid o
135 i
180 ; by ™ bEO
225 !
270 .'
P V| V \% v
i
*Current measured at 0° phase setting only.
**(Only 0° setting is measured on center modules (P/N SK 446962-1)
SIZE CODE IDENT NO DRAWING NO
A | 96214 SKDD302
SCALE REV lSHEET 4

Ti-7915¢ C— %
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TABLE II. SPACS II MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(ROOM TEMPERATURE ONLY)
INPUT POWER LEVEL = -40 DBM
COMMANDED MEASURED ** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTING INPUT GAIN DELAY CURRENTS
MHZ DEGREES DEGREES VSWR D8 NSEC MA
2030.9 o [M3|Ret | 2282 [ 3)08 | Is.03 |1, -_0O
45 NOA' NOAO Noh' N.hl Noh'
%0 hay = 43
135
180
225
270
315 Vv
2081.9 o [Asks|Ref [3-19% [2n26 | 913 1, =_O
. 45 Noh- No ﬂ‘ A.
% N: NoAe [ MR L 4e
12v
> 135
’ 180
225
270
v (v ] V]
2052.9 0 34 |Ref. | 3825 [25.48] 8o5a [lsv =~ —2—
45 ”oAu Mah ”. N N. A‘ N. A.
90 hy =3
135
180
225 ;;
270
vl
*Current measured at 0° phase setting only.
**0nly 0° setting is measured on center modules (P/N SK446962-1)
’ ["SIZE | COOE IOENT NO ] DRAWING NO
A | 96214 SKDD302
SCALE rEV l"ﬂ' 5
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TABLE II. SPACS Il MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)
INPUT POWER LEVEL = -40 DBM
COMMANDED MEASURED ** TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING | PHASE SETTING | INPUT GAIN DELAY CURRENTS
MHZ DEGREES DEGREES VSWR DB NSEC MA
2074.15 o |1%.0|Reft 3,430 [ 290 |18.2 |1, -_©
4 [ NA | NLAS NLAL | N.A. | NLAS 43
90 oy T I=
135
180
225
270
315 i’ \'4
2095.4 0 [S5A| Rek. | B3eMT | 35006 | IS |1, =_O
45 NlAa N’A‘ Nle N' A( NIA. 4\3
90 Ly =15
135
180
225
270
315 W  / Vv
2106.4 0 -1, 4 Ref| 8,040 | 29,158 1b. 63 I, =_©
45 N.A.| N.A-| N.A. N.BA.| MNA.
90 | hy = 43
135
180
225
2790
we v | v \L \} \l/
k'cdfren—t—;vea;ured at 0° phase setting only.
L"“'Orn_y 0° setting is measured on center modules (P/N SK446962-1)
SIZE CODE IDENT NO DRAWING NO
A | 96214 SKDD302
SCALE REV 15"‘55" 6
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TABLE II.

SPACS I1 MODULE RECORDED RECEIVER PHASE AND GAIN DATA
(CONTINUED)

INPUT POWER LEVEL = -40 DBM

COMMANDED FEASURED"J TIME POWER SUPPLY*
FREQUENCY | PHASE SETTING| PHASE SETTIN INPUT GAIN DELAY CURRENT
MHZ DEGREES DEGREES VSWR DB NSEC MA
2117.4 0 M2 | Ref. |2.634 | 26.54 [18.0142 Iy O
45 “OA- ""u NaAa N.OA' N. Ac
90 ] ‘ | I]zv = _ﬁ_
135
180
225
270
315 v |V
*Current measured at N° phase setting only.
**Only 0° setting is measured on center modules (P/N SK446962-1)
[“SIZE | COOE IDENT NO ] DRAWING MO
A | 96214 SKDD302
SCALE REV li-esr 7
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TABLE III. SPACS II MODULE ADDITIONAL RECEIVER TEST DATA
(NOISE FIGURE AND COMPRESSION AT
ROOM TEMPERATURE ONLY)
RECEIVER RECEIVER RECEIVER ANTENNA PORT
NOISE NOISE OUTPUT 1 DB INPUT POWER |  RECEIVER
FREQUENCY FIGURE TEMPERATURE | COMPRESSION POINT LEVEL GAIN
MHZ DB " : DBM DBM DB
2030.9 bl | 55 4 + .08 —23,2" 2.
2041.9 6.3 948 + 7. B =19.97 27.3%
2052.9 58 £ +9.00 - 18.24 28 %6
2074.15 Ee4 £ 325 SN a2 Boe 0l
2095.4 5.§ S13 +11.07 —i.5 5 2042
2106.4 2; S5 +3$.5% —20.24 216 038
2117.4 . | 09 ¢ 4 5.2 —11.56 6. 07
TABLE IV. SPACS I1 MODULE DUPLEX EVALUATION
TESTS FOR RECEIVER COMPRESSION
RECEIVE LEVEL (DBM) TRANSMIT LEVEL (DBM) FREQUENCY (MHZ) | LOAD VSWR
AT ANTENNA | AT RCV OUTPUT | AT ANTENNA AT RCV OUTPUT XMIT/RCV
-40 -|2.0 - — OFF/2041.9 1.6:1
-4 ° . .9 1.6:1
0 —12.0 > +35 P 2217.5/2041 6
-40 - 9.5 - OFF/2106.4 1.6:1
-40 > +35 2287.5/2106.4 1.6:1
—|o.0 ol -1
SIZE CODE IDENT NO DRAWING NO
Al 96214 SKDD302
SCALE REV JSHEET 8
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TABLE IV.

EVALUATION (ROOM TEMPERATURE) SUMMARY

DUPLEX OPERATION CONTINUED, INTERMODULATION PRODUCT

INTERMODULATION FREQUENCY/DBC

FREQUENCY (MHZ) |LOAD VSWR|  F1/IMI F2/1M2 F3/1M3 F4/1Ma
XMIT/RCVR
2217.5/2081.9 1os1 | 230 | >4 740 N
2217.5/2041.9 1.6:1 239 My
P30 >+o
7 Wt
2287.5/2106.4 1.05:1
o e E—
7%% | >¢e | > 40
2287.5/2106. 4 1.6:1
730 | 240 > 40 ————
SIZE COOE IDENT NO DRAWWG NO
A | 96214 SKDD302
scaLe ~ev |sveer 9
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TABLE V.

SPACS II MODULE - DUPLEX OPERATION, PULSE
MODULATION TESTS, PHOTOGRAPHS

2041.9 MHZ

(R)

TRANSMITTER OFF

RECEIVE CARRIER
fR=2041.9 MHZ

INPUT = -40 DBM

-~ QUTPUT = . oDBM
N\

EPA—

2041.9 MHZ

—{ =l hR2 Do
(B)

TRANSMITTER ON

fT=2217.5 MHZ

RECEIVE CARRIER

fR=2041.9 MHZ

INPUT = -40 DBM
ouTPUT = > DBM

DRAWING NO

SKDD302

TI-7915C
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TABLE V.

PULSED MODULATION PHOTOGRAPHS CONTINUED

2106.4 MHZ

2106.4 MHZ

——
<
4
-
p
e

(c)
TRANSMITTER OFF

RECEIVE CARRIER
fR=2'! N6.4 MHZ

INPUT = -40 DBM
OUTPUT =, 5~ DBM
,‘1-

| e | MHm /[y,

(D)

TRANSMITTER ON
fT=2287’5 MHZ

RECEIVE CARRIER
fR=2106.4 MHZ

INPUT = -40 DBM
OUTPUT = 0DEM

DRAWING NO

SKDD302

-7/
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TABLE VI. SPACS II MODULE SUMMARY OF L-BAND RECEIVER
SECTION OF MODULE
.
ANTENNA CONNECTOR L-BAND CORRE SPONDING
FREQUENCY POWER LEVEL INSERTION LOSS NOISE TEMPERATURE
MHZ DBM D8 K°
(<4
-g ™ . °00
1600 % e 295
1775.5 = 2.15 nipigl
1803. 65 =% ~-32.22 T
1831.8 —2.C —3,3%9 R -
2000 —— T 4-3 4\5..
e
I size CODE IDENT NO DRAWING NO
A | 96214 SKDD302 é, SO 4
SCALE mEV ls'&-r 12 PR
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SPACS II -

DC & LOGIC MANIFOLD ELECTRICAL/MECHANICAL

TEST PROCEDURE AND MODULE

COMPATIBILITY TESTS
PIN SK446 a6l

APPLICATION REVISIONS
NeXT ASSY USED ON LTR DESCRIPTION DATE APPROVED
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4
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Contract: NAS9-14485
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1.0

2.0

3.0

SPACS II -
DC & LOGIC MANIFOLD TESTING

INTRODUCTION

Thg purpose of this documen; is to describe the various electrical and mech-
anical tests that will be performed on the DC and logic manifold.

DC MANIFOLD ELECTRICAL TESTS

Continuity tests will be performed on the DC manifold (P/N SK446941) to insure
that there are no shorted or open pins and that the DC manifold conforms to
the requirements called out in Paragraphs 1.2.2, 3.3, and 3.7.4 of Contract
NAS9-14485 (Statement of Work).

DC MANIFOLD COMPATIBILITY CHECKS

The DC manifold will be integrated into the antenna array housing to insure

that it is mechanically compatible with the array hardware. In addition, the
array wiring harness P/N SK446985 will be plugged into the DC manifold connectors.
The appropriate electrical signals will be applied to the array subsystem
connector (SK446943) and the DC manifold will be checked with a digital

voltmeter and oscilloscope to insure that these input signals are distributed
properly to the manifold module connectors (SK446981 and SK 446982).

A further mechanical compatibility check will be made to insure that the T/R
modules will plug into the manifold connectors while it is mounted in the
antenna array housing (this includes the RF manifolds).

SIZE CODE IDENT NO DRAWING NO
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II.

SPACS II TESTING

INTRODUCTION

The purpose of this document is to describe the test procedure for the
SPACS II seven element phased array antenna subsystem. This subsystem
is composed of a seven element square spiral antenna array, RF (transmit
and receive) manifolds, DC and logic manifold, and seven T/R micro-
electronics modules. Both transmit and receive characteristics of this
subsystem will be measured. A picture of the array is shown in

Figure 1. The array is mounted in a large curved around plane shown in
Figure 2.

TRANSMIT EIRP AND PATTERN TESTS

For purposes of obtaining transmit antenna EIRP and patterns the
equipment will be arranged as shown in the block diagram in Figure 3.
pData will be taken using a rotating linearly polarized receiving horn
in order to display axial ratio. Principal plane patterns for the
assembled array will be taken about 0° (boresight), 35°, and 70° in
the horizontal axis; and 0° (boresight), 25°, and 50° in the vertical
plane. Reference gain levels will be included on these patterns. The
array will be set to the appropriate scan angles by switching the
SPACS control box and manually stepping through each of the module
transmit phase shifters sequentially.

The module phase shifter positions for the measured array patterns

will be as shown in Table 1. Table 2 give the planes of cut and
frequencies of the patterns to be measured. The geometry defining

¢ is shown in Figure 4. The patterns will allow one to obtain sidelobe,
beamwidth, and axial ratio information.

In order to measure the transmit EIRP, the standard gain horn shown in
Figure 3 is used for comparison (substitution method). The RF switch
will be calibrated on an HP network analyzer over the SPACS II frequency
band. Since the standard gain horn (SGH) will be mounted on the rear
of the ground plane, one need only switch the RF and rotate the
positioner 180° in order to obtain a comparison. The input power into
the SPACS II array and standard gain horn will be the same, +23.5 dBm
over the transmit frequency band. Since the gain of the SPACS II array
is greater than the SGH, linearity in the RF and IF receiving sections
will be checked while transmitting with the SPACS II array. Table 3
gives the transmit frequencies at which EIRP measurements will be

SIZE CODE IDENT NO DRAWING NO
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SCALE REV

T1-7915C

)




ITI.

made. Only on-boresight EIRP data is required by the contract.
EIRP values at the additional scan angles are shown for information
purposes only.

Since we will know the input power to the array and since Table 3
includes all the necessary data to calculate the array gain, the
transmit EIRP can also be easily determined. In this instance, the
gain is referred to a matched circularly polarized isotropic source.
The ch gain is related to the axial ratio and linear gain via:

ch = G'h'near ¥k
where G]inear = GSGH + AdB
b =10 log (1+r2)
and r=10"3/20
a = axial ratio in dB

Here GHnear is the gain of the maximum envelope of the rotating
linear polarization; and a is the difference between maximum
and minimum envelopes. The terminology is defined more clearly
in Figure 5. Note that in addition to gain versus frequency in
Table 3, we also obtain axial ratio versus frequency.

RECEIVE GAIN AND PATTERN TESTS

For purposes of obtaining receive antenna patterns and gain, the
equipment will be arranged as shown in the block diagram of Figure 6.
Data will be taken using a rotating linearly polarized transmitting
horn in order to display axial ratio. Principal plane patterns will
be taken about 0° (boresight), 35°, and 70° in the horizontal axis;
and 0° (boresight), 25°, and 50° in the vertical plane. Reference
gain levels will be included on these patterns. The array will be set
to the appropriate scan angles by switching the SPACS control box and
manually stepping through each of the module receive phase shifters
sequentially. The module phase receive shifter positions for the
measured array patterns will be the same as shown in Table 1. Table 4
gives the planes of cut and frequencies of the patterns to be measured.
Care must be taken to insure that the transmitting horn is limited in
radiated power so that the SPACS II array is operated in its receiver
linear gain region. This will be checked before tests are made.
Similar gain and axial ratio calculations can be made for the receiver
as was made for the transmitter. Table 5 gives the receive frequencies
at which measurements will be made for informational purposes only.
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FIGURE 1. SPACS II ANTENNA ARRAY SUBSYSTEM
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FIGURE 2. SPACS I1 ARRAY IN GROUND PLANE TEST FIXTURE
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SPACS 11
ANTENNA
ARRAY
+23.5 OBM
VL A
v H <
4\
f >
A ,____\
| FREQUENCY
COUPLER | COUNTER
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gATTENUATOR
TWT
AN
L&S
BAND
CW SOURCE

ROTATING
RECEivV™
ANTENNA

STANDARD L.0. &—MIyED
GAIN
HORN
Y
CHARY ' é
RECORDER —<— RECEIVER |

FIGURE 3. .SPACS II ANTENNA ARRAY-TRANSMIT EIRP
AND ANTENNA PATTERN MEASUREMENT
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Z-AXIS AWAY FROM
AIRCRAFT BODY

BEAM
DIRECTION

FIGURE 4.

> Y-AXIS
DOWN

TOWARD
. GROUND

AIRCRAFT NOSE

SPACS I1 ANTENNA ARRAY STEERING GEOMETRY AND COORDINATES
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SPACS 1I

RADIATED PATTERN

y

G]inear

MAXIMUM —
ENVELOPE

0B

FIGURE 5.

A

. MINIMUM
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SPACS I1 ANTENNA ARRAY-EIRP/GAIN

MEASUREMENT TERMINOLOGY

SIZE

CODE IDENT NO

96214

DRAWING NO

SKOD4M

SCALE

REV

T4-7915C

£

=5

———



[ Y

ROTATING
TRANSMIT
ANTENNA

=]C

STANDARD GAIN HORN
J(MOUNTED ON BACK OF GROUND PLANE)

E—-‘ z PAD

RF SWIT |

/ A
FREQUENCY SPACS 11 L.0. ®—MIXER
COUNTER
COUPLER ANTENNA ARRAY
VARTABLE \ 4
ATTENUATOR
TWT
A CHART RECORDER :: RECEIVER
L&S BAND
CW SOURCE
FIGURE 6. SPACS I ANTENNA ARRAY-RECEIVE GAIN AND ANTENNA
PATTERN MEASUREMENT
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~TABLE 1. MOOULE PHASE SKIF

TER SETTI!S5 FOR REQUIRED ANTENMA
SCAN ME/ASUREMENTS

P, 3
AIRCRAFT AIRCRAFT
NOSE ———| ¢ oy Yy | ———DHORIZONTAL-AXIS
¢ [ b A
‘L VERTICAL-AXIS
DOWN
ARRAY COMMANDED MODULE PHASE SHIFTER POSITIONS
PEAK OF
SCAN BEAM ¢1 4.‘2 d), Qu ¢5 @5
POSITION | SCAN ANGLE
A. HORIZONTAL - - - - - - -
PLANE
1 0° 0° 0° 0° n° 0° 0° 0
2 25° 45° 315° 90° 270° 45° 315° 0°
3 48° 90° 270° 180° | 180° 90° 270° 0°
B. VERTICAL - - - - - - .
PLANE
1 0° 0° 0° 0° 0° 0° ne e
2 25° 90° 90° 0° n° 270° 270° %
3 38° 135° 135° 0° 0° 225° 225° n°
SIZE CODE IDENT NO ORAWING NO
Al 96214 SKDD401
SCALE REV ls»«ss*r 10
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TABLE 2. SPACS I1 ANTENNA ARRAY-FREQUENCIES AND
PLANES OF CUT FOR ANTENNA TRANSMIT
PATTERN MEASUREMENTS
ARRAY
ARRAY PEAK OF ® MEASUREMENT
SCAN BEAM FREQUENCY PLANE OF CUT SCAN ANGLE
POSITION SCAN ANGLE (MHZ) (DEGREES) (DEGREES)
A. HORIZONTAL - - -
PLANE
1 0° 2217.5 L 0° ON-BORESIGHT
2287.5 ON-BORES IGHT
2 25° 2217.5 35
2287.5 35
3 " age 2217.5 70
. 2287.5 70
B. VERTICAL - -
PLANE
1 0° 2217.5 90° ON-BORESIGHT
2287.5 ON-BORESIGHT
2 25° 2217.5 25
2287.5 25
3 3g° 2217.5 50
2287.5 50
SIZE CODE 1IDENT NO. DRAWING NO
Al 96214 SKDD401
SCALE REV ] sHEET 1]
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TABLE 3. SPACS I1 ANTENNA ARRE?-SIRP MEASUREMENTS AT
TRANSMIT FREQUENCIES* !
: - ARRAY o SCAN ANGLE 1
ARRAY PEAK OF - PLANE OF FOR . .
SCAN BEAM F cut EIRP SGH | 8pg | A B |°cp|EIRP
POSITION | SCAN ANGLE (MHZ) | (DEGREES) | (DEGREES)| (DB) (p8) | (DB)}(DB)] mBW |
Ai"-vm&'\'\\
A. HORI ZONTAL - - - - - -l-1-1-
PLANE
1 0° 2217.5 0° RORESIGHT| 16.28 |10e%|0.2 {2.9 |30.0123.5]
2287.5 g BORESIGHT| 16.46 [10.0]0.22.9 |29.422.9
2 25° 2217.5 35 16.28 [Go |08 [2.6528.1|21e 6
2287.5 35 16.46 |90 {00 | |2.95128.4421.9
3 48° 2217.5 70 16.28 [6.5 4.7 |1.25124.0[17. 5]
2287.5 70 16.46 |56 |3.2 170 23.3]17.R
- 4
Roll
B. VERTICAL - - - -] - -0 -4 -t -
PLANE
1 0° 2217.5 90° BORESIGHT] 16.28 |11.0 042 |2,9 [30.2] 237
2287.5 BORESIGHT| 16.46 (1040 |0e4 |2 .¢ |29.3] 22.8
2 25° 2217.5 25 16.28 | 9,0 |0« |2.15]128,4 2.1
2287.5 25 16.46 | 1.4 {0+ 512.95(28, 6l 22!
3 38° 2217.5 50 16.28 | 7. 510,77 2.7 [2645]20,0
2287.5 50 16.46 | 7. ) 10.€ |2.65126,2 19,7
*NOTE: INPUT POMER TO ARRAY IS -6.5 DBM (+23.5 dBww)
SIZE CODE IDENT NO ORAWING NO
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TABLE 4. SPACS I1 ANTENNA ARRAY-FREQUENCIES AND PLANES OF CUT FOR
ANTENNA RECEIVE PATTERN MEASUREMENTS
ARRAY ARRAY PEAK 0 MEASUREMENT
SCAN OF BEAM F PLANE OF CUT SCAN ANGLE
POSITION SCAN ANGLE (MHZ) (DEGREES ) (DEGREES)
A. HORIZONTAL - - -
PLANE
1 0° 2041.9 0° ON-BORESIGHT
2106.4 ON-BORESIGHT
2 25° 2041.9 35
2106.4 35
3 48° 2041.9 70
: 2106.4 7
B. VERTICAL . - .
PLANE
1 0° 2041.9 90° ON-BORES IGHT
2106.4 ON-BORESIGHT
2 250 2041.9 25
2106.4 25
3 38° 2041.9 50
2106.4 50
SIZE CODE IDENT NO DRAWING NO
Al 96214 SKDD401
SCALE REV Lsmes‘r 13
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TABLE 5. SPACS I1 ANTENNA ARRAY-GAIN MEASUREMENTS AT
RECEIVE FREQUENCIES*
RC
ARRAY ARRAY pLatE oF PO ANGLEY o |IiERR
SCAN IPEAK OF BEAM F cuT R e SGH | ege | A B | °cP putPuT
POSITION | SCAN ANGLE (MHZ) (DEGREES)] (DEGREES)| (DB) (DB) | (DB)(DB) Leve:
(18M-
AR mutin
A.. HORIZONTAL - - - - - A I R
: PLANE .
1 0° 2041.9 e 8ORESIGHT] 15.76 {2142 |Co2 |R.9 [37.9]+/0.0
2106.4 BORESIGHT| 15.93 [|9.77 |0 «) |2.353%0]+ 1241
2 25° 2041.9 i3 15.76 |1 908i OA 2.3 [3841 49, ¢
2106.4 35 15.93 1844|0.412.8|37- 1|+ 1.5
3 48° 2141.9 70 15.76 {17.8 8.0 |¢.(5]342{+ 9.6
21n6.4 o7 15.93 16,246.0 |1. 0 [33.4]+ 1ol
Roll
B. VERTICAL - - - - - -4 -] -1 -
PLANE
1 0° 2041.9 90° BORESIGHY 15.76 |21.0] 0.1 |2.95]39.0 I+i0.
2106.4 BORESIGHY 15.93{19.7]0.% z.é:ss.l .,.'ms;i
2 25° 2041.9 25 15.76 [20.00.4 |23 |38.6]+9.5
2106.4 25 15.93[19.1 [0.2 |2-9 [39.9]+1.0
3 38° 2041.9 50 15.76 | 7.2 0.8 [2.65(36+2] +]0.0
2106.4 50 15.931/6.0 {0.% |2.653%.6]+11.5
*NOTE: LINEAR RCVR OUTPUT IS FOR LESS THAN 1 DB RECEIVER GAIN COMPRESSION
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