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44/20 GHz GROUND TERMINAL

ABSTRACT

The design and construction of an EHF SATCOM terminal to transmit
in the mobile satellite (43.5 - 45.5) GHz band and receive in the fixed
satellite space to earth (20.2 - 21.2) GHz band is described.
Characterization plots for individual RF system components and test results
of the complete terminal operating over a 16 km repeater range are shown.

1. INTRODUCTION

The design of a 44/20 GHz transceiver is described in this
report. The design incorporates a retrofit for the existing C.R.C. Satcom
Terminal, Ref. [1] and a stand alone system using a dual frequency feed and
a 4' diameter fixed antenna. Provision has been made for broad band
frequency agility in both the TX and RX signal paths. The component
layout, packaging and signal characterization will be shown, along with the
completed transceiver test results.

1.1 BACKGROUND

The completion of the EHF Satcom Terminal and the successful
trials using the LES 8 and LES 9 satellites proved the feasibility of EHF
communication at (36/38) GHz. The second phase of the CRC Milsatcom
program was the design and development of a terminal to operate in the
Mobile-Satellite (43.5 - 45.5) GHz band and receive in the Fixed Satellite
Space-to-Earth (20.2 - 21.2) band. Many of the modifications discussed
here make reference to equipment discussed in Ref. [1], which is a
necessary background document for this report.

2. SYSTEM DESIGN

2.1 44/20 GHz FEED SYSTEM

The approach taken was to design an RF transceiver (44/20) GHz
such that it could be used on the existing satcom terminal or operate with
a fixed 4' diameter antenna over a 16 Km repeater range.

The first step was to design a new feed system which would meet
the terminal transmit and receive specifications shown in Table 1,

The feed system was designed to be interchangeable with the
original antenna feed on the (36/38) GHz system. A contract was awarded to
Andrew Antenna Co., Whitby, Ontario to design and construct the (44/20) GHz
feed system. The design (Fig. 1) also included the construction of a new
subreflector; again this unit was to be interchangeable with the original

subreflector.
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TABLE 1
ANTENNA FEED SYSTEM SPECIFICATIONS

Frequency Range Transmit 44.5 GHz %1 GHz
Receive  20.7 GHz *.5 GHz
R
L

Polarization Transmit .H.C.P.
Receive H.C.P
Axial Ratio Transmit 2.0 dB max. typical 1.8 dB
Receive 2.0 dB max. typical 1.5 dB
VSUR Transmit 1.5 max.
Receive 1.5 max.

Power Rating (10 - 100) watts

Axial ratios VSWR, and primary patterns (Appendix A) were
measured at the Whitby Plant and supplied to CRC upon delivery of the
unit. The completed feed and subreflector (Fig. 2) was installed in the
satcom terminal and tested over the repeater link. Fig. 3 illustrates the
feed system installed in the Satcom 6' dia. antenna.

2.2 RF PACKAGE DESIGN FOR EHF PEDESTAL

The RF transceiver was packaged in a shelf that could be mounted
on the Satcom Terminal and fit on the shelf that originally held the
(36/38) GHz HPA. This configuration (Fig. 4) kept the waveguide runs short
thus reducing feed losses between the transmit and receive ports.

The second drawer (Fig. 5) of the (44/20) GHz system contains all
the power supplies and a LSI 11-03 computer which monitors signql levels
and transmits this information to the computer control console in room 203
three Jevels below the satcom installation [Ref. 1 for further details].

The power supply drawer is located beside and below the_pedesta]
base and is fed the power and signal information through a cable installed
inside the antenna pedestal.

The completed installation showing the waveguide runs to the
antenna feed is illustrated in Fig. 6. The system was tested using Lhe
Kingsmere repeater range. This retrofit of the CRC satcom terminal wil]
permit future testing over actual satellite links if available.
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Figure 3

Andrew 44/20 GHz feed system in 6' Satcom Dish
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Figure 4 44/20 transceiver on Satcom pedestal
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Figure 5 44/20 Power Supply and Computer Shelf




Figure 6 Complete 44/20 GHz Satcom installation



2.3 44/20 CONFIGURATION FOR KINGSMERE

The second part of the (44/20) GHz program calls for a fixed
system which is to be dedicated to the Kingsmere repeater range. This
system incorporates a separate antenna mounted outside the radome and

aligned with the Kingsmere Tower.

A second contract was awarded to Andrew Antenna company to build
a (44/20) GHz antenna and feed system with a 1 meter dish and fixed
pedestal. After several discussions between Andrew and CRC it was agreed
to use a 4' diameter spun aluminum production dish hand selected for
minimum-surface distortion, and to integrate the dual frequency feed system
into this antenna. Overall performance was to be equal or better than the

1 meter dish originally proposed by CRC.

The contract was issued on 14 November 1983 and the completed
unit delivered on 31 March 1984, For this installation, the RF shelf and
power supplies are mounted adjacent to the Radome wall (Fig. 7) and fed to
the outside fixed antenna through the Radome panel. This configuration
resulted in the lowest possible feed Tosses. The antenna installation is
shown in Fig. 8. With this installation a series of experiments using
frequency hopping and jamming techniques will be carried out over the

Kingsmere repeater range.

3. SYSTEM DESCRIPTION

The 44/20 GHz circuit design is shown in Fig. 9. Components to
the left of the dotted line are housed in the RF shelf mounted in the
radome. Components to the right of this line are housed in the satellite

console room 203 (Fig. 10).
Signals fed to the radome are anplified to overcome 200 ft of

cable loss and then received by line receiver amplifiers. The signals are
then level set to satisfy the RF mixer input requirements.

3.1 FREQUENCY AGILITY

The system allows for frequency agility in both the TX and RX
signal paths. The transmitter has provision to radiate +17 dBm of RF
power, in increments of 20 Hz steps from 43.5 GHz to 45.5 GHz into the 50

dB gain antenna.
The receiver has a similar 20 Hz incremental frequency agility
across the 20.2 GHz to 21.2 GHz band.

The frequency agility will be provided through computer control
of the highest frequency local oscillators, in both the transmit and
Both the transmit and receive chains use a double

receive signal paths.
frequency gonversion scheme with phase locked local oscillators.



Figure 7 44/20 GHz system inside radome J




Figure 8 Andrew 44/20 GHz antenna and pedestal
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3.2 SIGNAL ROUTING

Data signals, ref. signals and the local oscillator signals
originate in the satellite console room (Fig. 10) and are fed to the RF
shelf in the radome. Frequency agile local osg111a@or §1gnais areh
upconverted to the Q band and KA band frequencies via mixers and pdase
locked local oscillators referenced to the 5 MHz frequency standard.

3.3 COMPONENT CODING FOR IDENTIFICATION

Major components are identified in Fig. 9 by a letter englosegd;”
square brackets [-~]. A list of components with their identification g
are tabulated in Table (2). The signal levels in QBm ay Fhe m1xef5 53
amplifiers in the transmit and receive chains are 1den§1f1ed in Fig. 9.
The detailed description of the system makes use of this labeling scheme.

TABLE 2

COMPONENT IDENTIFICATION CODES

[A] AMPLIFIER UTO 2022
{B] AMPLIFIER UTO 1002+1003
{C] AMPLIFIER UTO 2022
{D] AMPLIFIER UTO 1002+1002

[E] MIXER HONEYWELL SPACEKOM MODEL SMC 0510
[F] MIXER HONEYWELL SPACEKOM MODEL SMC 0408
[6] MIXER WATKINS - JOHNSON MODEL WJ-M67C
AMPLIFIER VARIAN VSU7483CH
[J] FREQUENCY DOUBLER HONEYWELL SPACEKOM DK-24-26
[K] AMPLIFIER VAIRAN VSC-7463CR
[L] AMPLIFIER VARIAN VSX-7473MC
[M] MIXER HONEYWELL SPACEKOM MODEL C20-8
AMPLIFIER VARIAN MODEL VS4-7483CR
[P] MIXER WATKINS-JOHNSON MODEL WJ-M67C
[R] MIXER HONEYWELL SPACEKON MODEL C45-7.5
[S] AMPLIFIER VARIAN MODEL VSA-7405CC
[T] MIXER HONEYWELL SPACEKON MODEL C38-25
[U] AMPLIFIER VARIAN MODEL VSQ-7407D
(W] OSCILLATOR FREQUENCY-WEST MODEL MSBOOXEL-25
{X] OSCILLATOR FREQUENCY-WEST MODEL MSG6OOXEL-25
[Y] OSCILLATOR FREQUENCY-WEST MODEL MS760XEL-25
2] OSCILLATOR FREQUENCY-WEST MODEL MS54XEL-24
FILTERS WAVEGUIDE GAMMA-F CORP.
FILTERS BASEBAND TUBULAR K&L
WAVEGUIDE COUPLERS BAYTRON
XTAL DETECTORS TRG AND NARDA
REF 0SC (105 MHz) ZETA MODEL 4812
WAVEGUIDE SWITCH MDL
ANTENNA 6' DIA ALPHA TRG
ANTENNA 4' DIA ANDREW ANTENNA

DUAL FREQUENCY FEED SYSTEMS ANDREW ANTENNA
POWER SUPPLIES LAMBDA
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4, SIGNAL PATH DESCRIPTION

4.1 UPLINK DATA PATH

(Fi The 700 MHz uplink data signal is received at the RF shelf

19. 9) in the radome and level set to -31 dBm at the line receiver. The

gﬁtPU§ of line receiver [B] feeds the first mixer [F] in the chain, here

GHe Signal is mixed with a 6.3 GHz phase locked signal [Z] to produce a 7
z data's1gna1 at -18 dBm. This signal is filtered and amplified [K] to

set the input level for the final Q band mixer [R] at +3.5 dBm.

4.2 UPLINK LOCAL OSCILLATOR PATH

. The local oscillator (LO) for mixer [R] provides the frequency
a911ity for the transmitter, and is derived from a computer controlled
Synthesizer AIL model 360D11 housed in the satcom console rack. The AIL
Synthesizer output is transmitted to the radome and enters the RF shelf at
-6 dBm. Amplifier [A] receives this signal and provides the drive level of
-3 dBm to mixer [G]. The frequency agile LO signal is mixed with a
11.340 gH; phase locked source [Y] to generate the first upconversion in
the LO chain (11.450 - 12.450) GHz. This signal is then filtered,
aMplified [H] and fed to a frequency doubler [J] at a +20 dBm level. The
doubled output is attenuated to -3 dBm and applied to the second mixer [T]
N the local oscillator chain. The local oscillator port of the mixer [T
'S fed from a 13.6 GHz phase locked oscillator [W] at_a +10 dBm Tevel. The
output of mixer [T] is then filtered and amplified [S] to +7 dBm to provide

the final frequency agile signal for the Q band mixer [R].

The output of mixer [R] is filtered and applied to a solid state
The amplifier output is fed to the

HPA (U] at an input level of -3 dBm. Fed
antenna port of a 6 ft. dish (EHF satcom pedestal mode) or a 4' fixed
antenna (Kingsmere repeater range mode). The EIRP is 42.5 dBm and 37 dBm

réspectively.

4.3 DowN LINK DATA PATH

The received signal downlink data path is filtered and fed to a
low noise mixer [M] at a nominal -71 dBm from the repeater range
transmitter, The LO signal at mixer [M] provides frequency agility to
de-hop the frequency hopped signals in the (20.2 - 21.2) GHz frequency
range. The frequency agility is again provided by a second computer
controlied synthesizer AIL model 360D11 housed in the satcom console rack.
FiShSigna1 is transmitted to the radome and is received at -9 dBm at the

Shelf,

T e signal (.810 - 1.810) is amplified [C]tooO
9B and fed vo miser [h] - A Fixed PLOTY] at 11.340 Gz Ts shared by the
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uplink and downlink chain through a power splitter providing a drive level
of +10 dBm to mixer [P]. The output of mixer [P] is filter amplified [N]

to provide a frequency agile. LO signal (12.150 - 13.150) GHz at +10 dBm
at mixer

The output of mixer [M] is a fixed IF signal of 8.050 GHz when
synchronization of the received signal and the frequency agile LO is

achieved at [M]. The 8.050 GHz IF signal is filtered amplified [L] to
-38.0 dBm for the next down conversion at mixer [E].

The local oscillator port of mixer [E] is fed from a 7.350 GHz
PLO [X] at +10 dBm. The 700 MHz output is amplified [D] and transmitted to
the satcom console via a 200 ft. type N cable. The received signal is
power split for wideband applications or filtered and demodulated to a 70
MHz IF signal for baseband demodulation and digital processing.

5. SIGNAL CHARACTERIZATION
5.1 LOCAL OSCILLATOR STABILITY

A1l Tocal oscillators (Fig. 9) used in the upconversion and
downconversion chains are phase locked to a 5 MHz frequency standard. This
standard is housed in the satcom console rack and sent to the RF shelf in
the radome. This b MHz reference is used to phase lock the ZETA oscillator
model 4812. The output of the ZETA is 105 MHz and is used as the input
reference signal for the 11.340 GHz PLO [Y], the 6.3 GHZ PLO [Z] and the

7.350 GHz PLO [X]. The 13,6 GHz PLO [W] requires a separate reference
signal (102.2255 MHz) due to a x133 multiplier ratio.

5.2 TEST ENVIRONMENT

_ The RF shelf assembly is shown in Fig. 11, Characterization of
the amplifiers, filters, phase locked oscillators, and mixers was made

during the assembly stage. The test equipment used is listed in Table 3.

The RF shelf was placed in the radome and a link established from the
satcom terminal through a simulated link usi

ng the Kin eate
receiver (44 GHz) and transmitter (20 GHz) g gsmere repeater

subassemblies.

_ Measurements of the overall system performance were recorded and
some modifications made to improve the system phase noise

One typical plot for each group of s . . ts
will be shown below. Signal characts p everal identical componen

: . erization at critical monitor points in
the uplink and downlink chain are presented along wi O
waveforms for the complete system. g with input and output

A frequency response plot for the Aventek amplifi
. . : : plifiers [A] through
[DJ is shown in Fag; 12. These devices are the coaxial line recgiaers and
drivers for the 200' cable runs between the satcom console and the radome.




Figure 11 RF shelf assembly
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TABLE 3
LIST OF TEST EQUIPMENT

1. Generator Sweep HP Model 8350
RF Plug in 83570
RF Plug in 83592A

2. Generator Synthesized HP Model 8673A

3. Frequency Extender WJ1204-42
4. Spectrum Analyzer HP 85668

5. Power Meter HP 432A
Power Meter HP 436A

6. Frequency Synthesizer Fluke 61608

7. Network Analyzer HP 8756A
HP Plotter 7470A

Vars Amplification of signals in the 4 GHz to 14 GHz bands make use of
m0;1an amptifiers [H] [K] [L] [N]. Frequency response of amplifier [H]
el VSU7483CH is shown in Fig. 13.

or A plot for the K&L filters used in the IF signal paths is
r.esented in Fig. 14 and Fig. 15. The bandpass response (14) and bandpass
T;Pp1e (15) is typical of all IF cavity type filters used in the shelf.
; € local oscillators [W] [X] [Y] [Z] are phase locked to a 5 MHz standard
" the satcom console. Phase locking is achieved through the use of an
ntermedqiate phase locked oscillator ZETA (Model 4812) which supplies a

105 Mz reference for these oscillators.

The phase noise at the output of the oscillators can be shown to

9@ directly related to the purity of the reference source. A 10 dB

'Mprovement 1in signal to noise was obtained for the output of oscillator
(Z] 6.3 \ e 10668 synthesizer to supply the

GHz simply by substituting a Fluk
;;?erence frequengy {65 MHz (Fig. 16) in lieu of the ZETA 4812 PLO (Fig.

.3 THE FREQUENCY AGILE LOCAL OSCILLATOR CHAIN

The uplink local oscillator chain generates the wideband

frequency agility (2 GHz) required by the system dgsigq. The pgrformance
Of this chain can be i]lustrated using the schematic diagram (Fig. 9) along

With the individual component characterization plots.
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The calibration i ;
of +3 4B ; curve for mixer [G] (Fig. 18) show that an in
?mp1ifieg Egiults+;8 an output of -4 dBm. This sianal is filtered, andpUt
input of +22 dBO dBm. From the frequency doubler curve (Fig. 19) an
between doub1 m Sesults in an_output of +7.5 d8m. Thus the attenuator
frequency re er [J] and mixer [T] is set for a 10 dB signal reduction.
spectrum (1 sponse for doubler [J] is shown in Fig. 20 and the outout

n Fig. 21) for a fixed frequency of 24.399 GHz.

The mixer pl : .

-12 dBm ixer plot €38-35 for mixer [T] (Fig. 22) shows an out ut of

amD]ifieioEsﬁn input of -6.5 dBm. This output level when applied top
aives an output of +7.5 dBm, which is the correct signal

lev
el for the LO port of mixer [R].

.. The fre i i
chain is shown 1nﬂg?g?yzg?5ponse of the frequency agile local oscillator

The

6. SYSTEM PERFORMANCE TESTS

The system was checked in a simulated Tink made using the
TX subassembly mounted in the

Kin S

adgmzegi %X subassembly and the Kinasmere

1"5t611at10ic° This allowed a laboratory test of the 44/20 GHz link before

™ from CRC of the subassemblies on the 80' tower at the repeater site 16

Shown i FThe 700 MHz CW input signal derived from the satcom console is

tho'n In Fig. 24. Tnis input is attenuated to 131 dBm at the RF shelf in

in the rag' The recovered 700 MHz downTlink signal (Fig. 25) was measured
ome at the RF shelf IF output port.

6.1
Tx 43.5 GHz PHASE NOISE

43.5 GHz in the normal circuit
20 dB coupler (Fig. 26). In an
.5 GHz transmit signal to noise ratio

A 105 MHz reference Jocking signal
ers model 10668 were placed

Confiqyr The transmitter output of
GXDerimeat1on was plotted through a
o mode£t7t0 try to improve the 43
00 MHz IF signal and the ZET

beSide1iﬁ°""EC§ed. Two separate Fluke synthesiz
e equipment and used to generate the modem cw 700 MHz and the
f the transmitter outputs

Pefer
iq.e3§§ 105 MHz signals. A comparison 0
conf1QUrat?gg.(F19- 27) shows a 12 dB improve

ment over the normal

Signal tp The 20 GHz receiver has provision for injecting a calibration
"eceiver qugh a 3 port waveguide switch. A calibration curve for the
Fecejye \Fig. 28) was made by injecting a 20.8 GHz sianal into the

MHz, r in the radome and measuring the output in the console room at 700

6.2

KINGSMERE EXPERIMENTS
range The 44/20 GHz system has been tested over the Kingsmere repeater
iy Kggg error free data has been passed from data rates of 75 baud to
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During the summer of 1984 some propagation experiments were
carried out. Plots of attenuation for the 44 GHz TX path and the 20 GH;
receive paths are shown in Fig. 29. Future experiments will include narrow

band frequency hopping trials, signal jamming experiments and rain
attenuation measurements.

7. CONCLUSIONS

7.1 The 44/20 GHz system has been successfully tested over the
Kingsmere repeater link and some limited experiments conducted. The
separation between baseband equipment and the RF shelf some 200 ft. wil]

present some problems when wideband frequency hopping 2 GHz is
The cable attenuation over the .610 to 1.610 GHz Hopping band

implemented. .
will not be a constant and will affect the amplitude of the signal at the Q
band mixer. To solve this problem, the fast hopping frequency synthesizer

may have to be housed in the radome adjacent to the 44/20 GHz shelf.
Improvements in signal to noise of the system could be made through the
elimination of 200 ft. cable runs and placement of baseband signal

processing equipment in the radome.
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