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Preface

The work described m this report was performed by the Telecommunications
Division of the Jet Propulsion Laboratory.

Volume I includes all of the articles that relate to zero delay ranging tests pub-
hshed by the Commumecations Elements Research Section in the Jet Propulston
Laboratory’s The Deep Space Network Progress Report These articles were
published during the period January 1973 through October 1975,

It 15 hoped that this document will sexve as a useful and convement reference for
members of the Ranging Accuracy Team, Network Operations, and Navigation
Team, and others who use ranging calibratior. data,
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Abstract

Within this collection, a set of articles 1s concerned with the development of
special test equipment and a new dual-frequency Zero Delay Device (ZDD) that
were required for range tests and the measurement of ground station delays for
the Marner-Venus-Mercury 1973 S/X-Band Experiment.

Another set of articles is concerned with test data obtamed at DSS 14 (Gold-
stone, Cahforma) after mstallation of the ZDD on the 64-m antenna. It 1s shown
that large variations of range were observed as a function of antenna elevation
angle and were sensitive to antenna location. A new ranging calibration con-
figuration that was subsequently developed and a technique for determming the
appropriate Z-correction are described. Zero delay test data at DSS 14 during
the Marmer 10 Venus-Mercury-Encounter periods (1974 Days 12-150) are
presented.

The final set of articles 1s concerned with the theoretical analysis and experi-
mental venfications of the (1) effects of multipath and (2) effects of discontmuties
on range delay measurements. The last article shows how a movable subreflector
technique ‘and the multipath theory can be used to 1solate principal multipath
errors on the 64-m antenna and, therefore, enable a more accurate determination
of the actual ground station range delay.
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Reprinted from The Deep Space Network Progress Report, Technical Report 32-1526, Vol, XIlI, Feb 15, 1973, pp 72-81

S/X-Band Experiment: Development of Special
Telecommunications Development Laboratory
Support Test Equipment

T.Y Otoshi and O B. Parham

Communications Elements Research Section

This article documents the design of an X-band down converter and a doppler
extractor receiver that were specially developed and supplied to the Telecommum-
cations Development Laboratory in July 1971 The special equipment enabled pre-
liminary tests to be made on the performance of a combined 8 /X-band radio system
similar to that which will be used for the Mariner Venus/Mercury 1973 mussion

l. Introduction

The S/X-band experiment to be performed with the
Marner Venus/Mercury 1973 (MVM 73) spacecraft 1s a
dual-frequency experiment to measure the electron con-
tent of the interplanetary media between Earth and the
planets Venus and Mercury (Ref. 1). An uplnk signal
of approximately 2113 MHz will be transmutted to the
spacecraft from the 64-m-diameter antenna at DSS 14.
This uplink signal as recewved by the spacecraft radio
system will be coherently multiphed by ratios of 240,221
and 880/221 to produce S- and X-band carner frequen-
cies of approximately 2295 MHz and 8415 MHz The
coherent S- and X-band signals will then be transmtted
back to the DSS 14 ground system. A measurement of the
dispersiveness of the S- and X-band phase and range data
as recewved back at the ground station provides scientific

JPL TECHNICAL MEMORANDUM 33-747, VOLUME I

information required for determiming total mterplanetary
electron content -

A Block 1V ground radio system currently beng de-
veloped by the Division will be mstalled at DSS 14 for the
S/X expeniment The Block IV system will be a phase-
stabihzed system enabling simultaneous reception of S-
and X-band frequencies and will yield dispersive S/X
doppler and §/X range data

At the time the prelimmary tests were conducted (Sep-
tember through October 1971}, the Block IV system hav-
ing §/X capability was not yet available Therefore, it
was necessary to uhlize a Block ITI system that had only
S-band capability. The Block III system was converted
into an X-band phase-locked loop receiver by means of



an X-band to 30-MHz down converter, wiich will be
described in this article As was shown 1 a report by
Brunn (Ref 2), the prehminary ranging and carrier phase
test data were successfully obtamned.

I1. X-Band Down Converter

A block diagram of the X-band down converter 1s
shown in Fig. 1. An mput X-band signal (in the frequency
range of 8400 to 8450 MHz) 1s down converted to produce
a 50-MHz mtermediate frequency (IF) output signal This
output signal 1s then fed mio the 50-MHz IF mput stage
of a Block II recewver The Block III phase-locked loop
VCO output (nomnally 234 MHz) 1s fed back mto the
down converter assembly, doubled, and then added to a
coherent bias signal of approximately 517 MHz, which
1s produced by a frequency synthesizer and a 5-MHz
frequency standard. An output signal of approximately
98 6 MHz 1s then filtered and multiplied by 85 to provide
a phase-locked local oscillator frequency that 1s 50 MHz
lower than the input X-band signal Many of the mixers,
amplifiers, and multiphers are of the same design as those
implemented in the Block IV system The Telecommum-
cations Development Laboratory (TDL) X-band receiver
system was purposely designed to be similar to the
Block IV system so that prelimmary test data would
give a valid indication of MVM 73 S/X radio system
performance

Figure 2 shows the front, top, and rear views of the fab-
ricated assembly Table 1 shows typical noise figure and
image rejection data of this assembly as measured in the
laboratory After installation at the TDL, a noise figure

measurement was agam made on the X-band down con-
verter The smgle sideband noise figure of the converter
for the Channel 19 X-band wnput frequency (842179
MHz) was determined to be (102 %+ 0.5) dB as defined
at the Type N mput port of the converter assembly The
increase in noise figure was attributed to mmor adjust-
ments made after data of Table 1 had been obtained

llIl. X-Band Doppler Extractor Receiver

X-band doppler data were obtained by use of an §/X
translator and an X-band doppler extractor receiver simi-
lar to that which will be used 1n the Block IV system

A block diagram of the TDL X-band doppler extractor
system 1s shown m Fig 3 The doppler extraction method
1s sirmlar to that of the Block IV system except that the
first IF is 50 MHz 1instead of 325 MHz,

Figure 4 shows the fabricated recewver portion of the
TDL X-band doppler extractor system A special purpose
S/X translator (zero delay device) 15 currently bemng fabri-
cated and wall be supplied to TDL for S/X test purposes

IV. Acknowledgment

The equipment described 1n this article was developed
with the cooperation and assistance of R MacClellan,
C Johns, and H Donnelly of the RF Systems Devel-
opment Section. R. Clauss of the Communications Ele-
ments Research Section developed the low-loss waveguide
X-band filter
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Table 1 Noise figures and image rejections of
X-hand down converter

F Simngle-sideband Image
requency,
MHz noise figure, rejection,
dB dB
8400 122 41
8405 112 39
8410 110 37
8415 108 37
8420 98 36
8425 86 35
8430 85 34
8435 92 31
8440 10.0 30
8445 112 28
8450 124 25
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Fig. 1. Block diagram of TDL X-band to 50-MHz down converter
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Fig. 2. TDL X-Band to 50-MHz down converter: (a) front view; (b) top view; (c) rear view
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Fig. 2 (contd)
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Fig. 2 (contd)
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Fig. 4. TDL X-band doppler extractor receiver: (a) front view; (b) top view; (c) rear view
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Fig. 4 (contd)
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Fig. 4 (contd)
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Reprinted from The Deep Space Network Progress Report, Technic al Report 32-1526, Vol. XIV, Apr. 15, 1973, pp. 73-80.

S/X-Band Experiment: Zero Delay Device

T. Y. Otoshi and P. D. Batelaan

Communications Elements Research Section

A zero delay device currently being developed for the S/X band experiment is
described. Preliminary group delay and transmission coefficient phase data are
presented for some of the components in the zero delay device.

l. Introduction

The S/X band experiment to be performed with the
Mariner Venus-Mercury 1973 spacecraft is a dual-
frequency experiment to measure the electron content of
the interplanetary media between Earth and the planets
Venus and Mercury (Ref. 1). An uplink signal of approxi-
mately 2113 MHz will be transmitted to the spacecraft
from the 64-m diam antenna at DSS 14. This uplink
signal as received by the spacecraft radio system will be
coherently multiplied by ratios of 240/221 and 880/221
to produce S- and X-band carrier frequencies of approxi-
mately 2295 and 8415 MHz. The coherent S- and X-band
signals will then be transmitted back to the DSS 14
ground system. A measurement of the dispersiveness of
the S- and X-band phase and range (or group delay) data
as received back at the ground station provides scientific
information required for determining total interplanetary
electron content.

To calibrate group delay which is due only to the
ground antenna system, a zero delay device (ZDD) is

JPL TECHNICAL MEMORANDUM 33-747, VOLUME |

used. This device is physically installed on the ground
antenna and permits group delay of the ground system to
be calibrated as a function of antenna pointing direction
and ambient temperatures. This article describes the ZDD
which is currently being developed for the S/X experi-
ment, Preliminary group delay and phase data on some
ZDD components are also presented.

Il. Description of the S/X ZDD

Figure 1 shows a simplified block diagram of the ZDD
calibration system. The ZDD assembly will be installed
in a low profile position on the side of the Mod-III section
of the 84-m diam antenna at DSS 14. A reference 2113-
MHz carrier with range-code modulation from the Mu-2
ranging machine and Block IV exciter assembly is fed into
a 400-kW klystron amplifier. The amplified 2113-MHz
signal is transmitted through the S-band megawatt trans-
mit (SMT) cone microwave system and then radiated out
of the SMT cone horn. A small fraction of the signal
reflected from the subreflector is received by the ZDD

11




S-band horn. This received 2113-MHz signal is mixed
with coherent 182 and 6302 MHz local oscillator fre-
quencies provided by the Block IV exciter. As a result of
mixing, down-link test signals of approximately 2295 and
8415 MHz are generated and radiated out of the ZDD
S- and X-band horns back toward the subreflector. These
down-link signals are received by the X-band (multiple-
frequency X- and K-band (MXK) cone) and S-band (SMT
cone) microwave systems. The microwave systems are
followed by Block IV receivers and a Mu-2 ranging sys-
tem which extract the desired S/X range information.

In essence, the function of the ZDD is to simulate a
stationary spacecraft which is located on the ground
antenna itself. For the S/X experiment, the ZDD will
purposely be installed on the side of the Mod-III section.
This location permits transmission line lengths between
the ZDD and Block IV exciter to be kept physically short,
and therefore, help minimize possible temperature effects
on differential S/X phase and group delays.

Figure 2 is a preliminary detailed block diagram of the
ZDD assembly. The ZDD assembly includes such com-
ponents as S- and X-band horns, remotely controllable
switches and step attenuators, mixers, and a band-pass
filter. In order to have a reliable ZDD system, it is neces-
sary that the individual components be electrically stable
with regard to carrier phase and group delay. Some of the
ZDD components were tested for group delay and phase
stability as functions of ambient temperatures. The results
are summarized in the following.

lll. Test Results

A Hewlett-Packard Model 8542A automatic network
analyzer was used to measure group delays and transmis-
sion coefficient phase. As described in Ref. 2, group delay
can be determined from the slope of the transmission
coefficient phase versus frequency characteristic curve.
The advantages of using this network analyzer system are:
(1) rapid and inexpensive data taking and (2) good accu-
racies achieved because calibration corrections are auto-
matically applied by a computer. The tests were per-
formed by the Western Automatic Test Service (WATS)
of Palo Alto, California.

Figure 3 shows a remotely controllable step attenuator
manufactured by Weinschel Engineering of Gaithersburg,
Maryland. The attenuation of this device can be changed
in 1-dB increments over a total dynamic range of 69 dB.
Test data at pertinent S/X frequencies are summarized in

12

Table 1. The group delay results shown are typical of data
obtained over an S-band frequency range of 2000 to 2500
MHz and an X-band frequency range of 8000 to 9000 MHz.
Significant test results of this device can be summarized
as follows:

(1) The group delay is essentially the same at S- and
X-band frequencies. In addition, the group delay is
independent of attenuation setting.

(2) The transmission coefficient phase is somewhat
dependent upon attenuation setting.

(3) Based on three sets of measurements in the atten-
uation range of 0 to 40 dB, the measured group
delay values repeated to within 0.01 ns. Measured
phase values repeated to within 0.1 and 0.3 deg at
S- and X-band frequencies, respectively.

Figure 4 shows a remotely controllable broadband
coaxial switch manufactured by Hewlett-Packard Com-
pany at Palo Alto. Test data at pertinent S/X frequencies
are presented in Table 2. The group delay test results
shown are typical of those obtained over the S-band
frequency range of 2000 to 2500 MHz and those obtained
over the X-band frequency range of 8000 to 9000 MHz.
Based on the test results, it was found that for this device:
(1) the group delay was essentially the same at both S-
and X-band frequencies, (2) the group delay and phase
values vary only slightly over the ambient temperature
range of 4.4°C (40°F) to 37.8°C (100°F), and (3) based
on three sets of measurements, the group delay nominal
values of Table 2 repeated to within 0.01 ns and phase
values typically to within 0.2 deg.

Figure 5 shows a 2113-MHz coaxial bandpass filter
manufactured by Telonic Industries of Laguna Beach,
California. This filter has a 3-dB bandwidth of 400 MHz.
Its purpose is to filter out possible harmonic products
that could be generated by the X-band mixer and re-
radiated out the ZDD S-band horn. Table 3 shows the
test results over the filter passband. Properties of this
filter can be summarized as follows: (1) the group delay
varies about 1 ns in the 400-MHz passband and (2) group
delay and phase data variations with temperature are
small over the ambient temperature range of 4.4°C (40°F)
to 37.8°C (100°F). It is also of interest to note that the
group delay of 2 ns for the filter in the passband is about
7.5 times greater than the group delay of an air-dielectric
coaxial line having the same physical length (8 cm) as the
filter.
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IV. Conclusions such as the step attenuator and coaxial switches, the group

delays were essentially the same at both S- and X-band

Preliminary group and phase delay data have been pre-  frequencies. Variations of group delay and phase with

sented for some components being installed in the ZDD  ambient temperatures were negligibly small over the
assembly. It was found that for broadband coaxial devices  temperature ranges of 4.4°C (40°F) to 37.8°C (100°F).
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Table 1. Test data for Weinschel Model AE 97-69-3 step attenuator

Group delay, ns

Transmission cocfficient phase, deg

Attenuator Estimated error Estimated error
setting, dB 2110 2300 8420 limits, ns 2110 2300 8420 limits,* deg
MHz MHz MIlz MIlz Mliz MIiz
0 0.93 0.95 0.93 +0.12 4.9 -59.7 30.0 +=0.4 |
1 0.95 0.97 0.95 -28 —=68.0 -0.4
2 0.94 0.96 0.95 -0.7 -65.6 73
3 0.94 0.96 0.96 =1.0 -66.1 -
4 0.94 0.96 0.94 =07 -65.6 7.0
5 0.93 0.96 0.96 —0.6 -65.6 7.6
6 0.94 0.98 0.96 -0.2 -65.0 9.2
T 0.94 0.96 0.95 0.4 —-64.2 10.0
8 0.93 0.97 0.96 1.5 —-63.2 14.3
9 0.94 0.97 0.95 | 0.2 -645 11.2 f
10 0.96 0.98 0.96 +0.13 —14.3 -80.6 —46.4 =0.5
20 0.96 0.99 0.96 +0.14 -=10.9 -77.1 -34.1 +=0.5
30 0.98 1.00 0.99 +0.16 —18.6 -854 -68.5 =086
40 1.00 0.99 0.97 +0.22 -16.8 -83.7 -54.6 +0.8
50 1.08 1.03 1.07 +0.33 —35.5 -102.8 -129.9
60 1.3 1.1 1.1 +0.67 -29.5 —-98.6 —-114.6 =24 |

*Manufacturer’s specs on the HP 8542A automatic network analyzer.
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Table 2. Test data for HP 8761A coaxial switch [

Port 1 toC

Goup ey 58 Transmission coefficient

Fre- phase, deg
quency,

MHz 44°C 21.1°C 37.8°C 44°*C 21.1*C 37.8°C
(40°F) (70°F) (100°F) (40°F) (70°F) (100°F)

2110 0.24 0.23 0.24 —164.4 —164.6 —164.5

2300 0.21 0.21 0.21 -1789 -179.2 -179.1

8420 0.22 0.22 0.22 66.3 65.3 65.7

) Port2to C

2110 0.24" 0.24 0.23 —-1644 -1644 -—164.5

2300 0.21 0.21 0.21 =1789 =179.0 -179.1

8420 .22 0.22 0.22 6G6.3 65.8 65.8
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Table 3. Test results for Telonic TBP 2114-400-4EF1 bandpass filter

21.1°C Group delay, ns Transmission coefficient phase, deg
Frequency, (70°F)

MHz Insertion loss, 4.4°C 21.1°C 37.8°C 4.4°C 21.1C 37.8°C

dB (40°F) (70°F) (100°F) (40°F) (70°F) (100°F)
1750 10.5 - 1.46 - - 142.2 -
1800 55 - 2.19 - - 110.8 -
1850 1.6 e 2.71 = & 63.2 4
1910 0.42 2.32 2.37 2.39 2.2 4.1 5.0
2000 0.47 2.00 2.03 2.00 -85.7 -64.8 -64.2
2100 0.53 2.02 2.03 2.03 -137.8 -1387.2 -136.9
2200 0.47 299 221 2.21 146.2 146.4 146.6
2290 0.80 3.22 3.24 3.23 62.9 62.7 62.9
2350 4.7 - 3.13 - - -15.5 -
2400 11.7 - _ 2.04 - — -62.4 -
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Fig. 1. Simplified block diagram of ZDD calibration
system for S/X experiment

JPL TECHNICAL MEMORANDUM 33-747, VOLUME |




o

2295 8415
MHz

ZERO DELAY DEVICE

l riolog 18 dB LP
AR Ot X-BAND HORN
l 8415 MHz
COAXIAL ot w098 | 1O S-BAND
SWITCH PAD MASER INPUT
| (OPTIONAL)
| 0- TO |
45-d 69-d8
”iD : \sffﬁéi;uau
| ATTENUATOR CIRCULATOR |
COAXIAL e b
I SWITCH ph ; N o 295 Mz
PAD MASER INPUT
3-dB (OPTIONAL)
atmee] X
2113-MHz
BANDPASS
I FILTER ASS I3 iz |
0- 10
69-d8
l VARIABLE 32“,;" |
—{ STEP
l ATTENUATOR
2113 I
I MHz |
| TEMPERAT URE -
CONTROLLED OVEN J
T P o~
REMOTE 00 e Fepperi®
SERiOL CONTROL
BLOCK IV
EXCITER
ASSEMBLY 2113 MHz
REF. (OPTIONAL)

Fig. 2. Preliminary block diagram of ZDD assembly

ORIGINAL PAGE IS
OF POOR QUALITY]

JPL TECHNICAL MEMORANDUM 33-747, VOLUME |

17




4 8
i ] I

CENTIMETERS

12
J

Fig. 3. Remotely controllable coaxial step attenuator, Weinschel Engineering
Model AE 97-69-3

Fig. 4. Remotely controllable coaxial switch, Fig. 5. Coaxial 2113-MHz bandpass filter, Telonic Industries
Hewlett-Packard Model HP 8761A Model TBP 2114-400-4EF1
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Reprinted from The Deep Space Network Progress Report, Technical Report 32-1526, Vol. XV, June 15, 1973, pp. 84-87.

S/X-Band Experiment: Zero-Delay-Device Step
Attenuator Evaluation

T. Y. Otoshi
Communications Elements Research Section

Test results are presented for a coaxial step attenuator to be used in the zero
delay device for the S/X-band experiment. The test results at 182, 2113, 2295,
6302, and 8415 MH?z indicate that the attenuator group delay changes about 0.07
ns over a 69-dB range. Tests made over a temperature range of 4.4°C (40°F) to
37.8°C (100°F) indicate that group delay and phase changes as a function of

temperature are small.

I. Introduction

In Ref. 1, a zero delay device (ZDD) to be installed on
the 64-m-diam antenna at DSS 14 was described. The
ZDD is currently being developed for the S/X-band
experiment to enable the group delay of the ground radio
system to be calibrated, including the microwave antenna
optics. Fig. 1 shows the step attenuator which will be
used in the ZDD for purposes of varying signal levels.
The attenuation of this device can be changed in 1-dB
increments over a total dynamic range of 69 dB.

In the previous article (Ref. 1), some preliminary group
delay and phase data were reported for the step attenu-
ator at S- and X-band frequencies. Recently, the attenu-
ator was also tested at 182 and 6302 MHz, which are the
local oscillator frequencies for the S- and X-band mixers
in the ZDD. This article will present these data, as well
as data taken over a temperature range of 4.4°C (40°F)
to 37.8°C (100°F).

JPL TECHNICAL MEMORANDUM 33-747, VOLUME |

Il. Test Results

Table 1 shows a summary of the test results obtained
on the step attenuator at 182, 2113, 2295, 68302, and 8415
MHz. The test data were obtained on a Hewlett-Packard
8542A Automatic Network Analyzer. The work was done
by the Western Automatic Test Services of Palo Alto,
California.

At higher attenuation settings in the region of 30 to
70 dB, it is known that the accuracy of the Automatic
Network Analyzer becomes increasingly affected by
noise. Therefore, it is not unusual to observe random
fluctuations in the group delay data over the test fre-
quency band. To overcome this problem, a least-squares
linear fit was made to the phase data as a function of
frequency over approximately 5% bandwidth frequency
ranges. Group delay could then be calculated from the
slope of the linear curve. This procedure was felt to be
valid since it was already known (from data taken at
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lower attenuation settings) that the step attenuator has
very broadband properties.

The test data in Table 1 can be summarized as follows:

(1) The transmission coefficient phase data indicate
that the attenuator becomes electrically longer as
attenuation increases.

(2) Group delay tends to increase with attenuation set-
ting, in agreement with the test results described
above in (1). Group delay changes about 0.07 ns
over the attenuation range of 0 to 69 dB.

(3) The group delay and phase data changes with tem-
perature do not appear to be correlated. However,
changes of group delay and phase appear to be
reasonably small over the temperature range of
4.4°C (40°F) to 37.8°C (100°F).

(4) The incremental phase shift increases linearly with
frequency. Therefore, the incremental phase shifts
at two different frequencies are related by the fre-
quency ratio.

To clarify (4), let the incremental phase shift for a
2-port variable attenuator be expressed as

Ay = Ya(Aas) — ¥21(0) (1)

where y.,(A4s) and y.,(0) are the transmission coefficient
phases measured at an arbitrary attenuator setting Aus
and at a zero-dB setting, respectively. Then, if the incre-
mental phase shift is known at one frequency, the in-
cremental phase shift at another frequency can be
calculated from the expression

(Aya)r, =-’}(A¢,,)I= (@)

For example, from Table le it is found that, at 8415 MHz
and 21.1°C, the incremental phase shift at the 10-dB
setting is

(A1), = —47.8 — 288 = —T76.6deg

Then, the corresponding incremental phase shift at 182
MHz as calculated from Eq. (2) is

182
(Af“zn)“:= = 8415 (—768) ==14 deg

From Table la, the actual measured incremental phase
shift at the 10-dB setting is

(A¢:),,, = —63.5 — (—61.9) = —1.6deg
which is in.good agreement with the calculated value.
The data at other test frequencies and attenuation set-
tings are generally in good agreement with those
predicted by Eq. (2).

lll. Concluding Remarks

Group delay and phase data for the ZDD coaxial step
attenuator have been presented. It was shown that the
device becomes electrically longer by approximately 0.07
ns when the attenuation increases from 0 to 69 dB. The
changes in group delay and phase as a function of
temperature were found to be reasonably small over the
temperature range of 4.4 to 37.8°C.

Reference

1. Otoshi, T. Y., and Batelaan, P. D., “S/X Band Experiment: Zero Delay
Device,” in The Deep Space Network Progress Report for January and
February 1973, Technical Report 32-1526, Vol. XIV, pp. 73-80. Jet Propulsion
Laboratory, Pasadena, Calif., Apr. 15, 1973.
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Table 1. Test data for Weinschel model AE 97-69-3
step attenuator

Atten- Group delay, Transmission coefficient
uator ns phase, deg
setting,

dB 44°C 21.1°C 37.8°C 44°C 21.1°C 37.8°C

(a) 182 MHz
0 103 095 102 —611 —619 —611
10 102 096 101 —630 —635 —629
15 105 098 104 —637 —641 —636
30 097 097 098 —638 —638 —635
60 101 1.00 100 —658 —658 —654
69 - 1.01 s P T,
(b) 2113 MHz
0 095 094 09 74 38 74
10 1.02 097 BT =)L =158 “=11R
15 103 097 103 18 SRy T11A
30 098 097 098 —166 —200 —162
60 103 099 103 =39 —-12F —297
69 = 1.00 e S 3 0T e
(c) 2295 MHz

0 0.95 0.91 094 —540 -—580 —354.1
10 1.00 0.96 099 -—-750 -—78.7 -751

15 0.99 0.98 098 817 -—-847 -8l1

30 0.97 0.97 097 -—803 -—836 -T99

60 0.97 0.96 099 —998 -—975 —98.6

69 — 0.99 — —  —1033 —_
(d) 6302 MHz

0 0.94 0.93 0.94 249 245 24.8
10 0.96 0.96 098 —325 —328 —33.0

15 097 097 098 —487 —486 —49.4

30 097 097 09T —4771 —413 —417

60 101 099 098 —823 —80.5 —79.8

69 100 100 101 —968 —96.1 —939

mAL PA_GE I.S (e) 8415 MHz

ORIG UALITY 0 094 093 094 205 288 290
OF POOR Q 10 095 095 004 —475 —478 —483
15 098 098 098 —696 —695 —705

30 097 097 097 —696 —601 —698

60 101 101 102 —1180 —1155 —1l44

89 099 101 102 —1368 —1344 —132.3
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Fig. 1. Remotely controllable coaxial step attenuator, Weinschel Engineering Model AE 97-69-3
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Reprinted from The Deep Space Network Progress Report, Technical Report 32-1526, Vol. XVII, Oct. 15, 1973, pp. 68-77.

S/X Experiment: Preliminary Tests of the Zero Delay Device

T. Y. Otoshi and P. D. Batelaan
Communications Elements Research Section

Preliminary testing of the zero delay device for the S/X experiment was per-
formed at the Telecommunications Development Laboratory. The test setup
consisted of a Block IV exciter, the zero delay device under test, a Block I1I receiver
for S-band reception, a Block IV receiver for X-band reception, and a Mini-Mu
ranging machine. Group delay through the system was measured as a function of
received signal level and zero delay device temperature. The test results are pre-

sented and discussed.

l. Introduction

Fabrication of a zero delay device (ZDD), developed
for the S/X experiment (Ref. 1), has recently been com-
pleted. This device will be installed on the side of the
Mod-III section of the 64-m-diam antenna at DSS 14. The
ZDD will simulate a spacecraft radio system mounted on
the ground antenna itself. It is used for routine tracking
precalibrations and will enable group delay and phase
stability of the ground radio system to be calibrated as
functions of antenna pointing coordinates and ambient
temperatures. As was described in a previous article (Ref.
2), the ZDD in the operational configuration at DSS 14
will be used with a Block IV exciter, Block IV S-band
receiver, Block IV X-band receiver, and a Mu-2 ranging
system. Additional discussions on the principle of opera-
tion and detailed block diagrams of the ZDD may be
found in Ref. 2.
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Il. Test Setup

The Block IV exciter ‘receiver systems and the Mu-2
ranging system are scheduled for installation at DSS 14
in October 1973. Owing to the unavailability of these sys-
tems, preliminary checkout of the ZDD assembly was
attempted in the laboratory. The use of a Hewlett-Packard
5360A computing counter and other group delay measure-
ment schemes was found to be only partially satisfactory.

It was suggested by L. Brunn of the Spacecraft Tele-
communications Systems Section that preliminary ZDD
tests be done at the Telecommunications Development
Laboratory (TDL). The test equipment and setup at TDL
were found to be ideally suited for testing the ZDD
assembly. In addition to a Block III receiver for S-band
testing, TDL was also equipped with a temperature-con-
trolled test chamber, RF screen room, Mini-Mu ranging
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machine, and an SDS 920 computer for both phase and
group delay data processing. An engineering model Block
IV exciter/receiver for X-band testing was made available
by the R.F. Systems Development Section.

Figure 1 shows the ZDD placed in the TDL tempera-
ture-controlled test chamber. For these temperature tests,
phase-stable cables (Flexco F182) were used for all
critical RF transmission lines leading into and out of the
temperature-controlled environment. A block diagram of
the test setup is shown in Fig. 2. Some modifications made
to the original ZDD block diagram (Ref. 2) to facilitate
testing at TDL were (1) substitution of phase-stable cables
for the S- and X-band horns, (2) removal of an S-band
45-dB pad, (3) substitution of a 2113-MHz bandpass filter
by a 6-dB pad, and (4) substitution of a 40-dB X-band pad
by a 3-dB pad. The substituted pads were chosen to make
the received S/X signal levels be approximately the same
as anticipated when the ZDD is used on the 64-m-diam
antenna with the 400-kW transmitter turned on.

Tests were made by sequentially switching between the
S-band Block III receiver and the X-band Block IV
receiver. The following operating conditions existed for
the calibrations at TDL:

S-band Block III receiver
Noise figure = 6.1 dB
RF bandwidth = 12 Hz
Threshold = — 158 dBm

X-band Block IV receiver
Noise figure = 14 dB
RF bandwidth = 3 Hz
Threshold = — 155 dBm

Uplink ranging modulation index = 69.2 deg
ZDD power levels: refer to Fig. 2

ZDD mixer oven temperature = 51.9°C

Group delay and phase data were obtained as functions
of signal level and the physical temperature of the ZDD
assembly. Signal levels were varied by means of the S- and
X-band step attenuators on the ZDD assembly. The test
chamber temperatures selected for the ZDD tests were
4, 21, and 34°C. The actual temperature extremes in the
Mod III section, where the ZDD assembly will be in-
stalled, are expected to be well within the temperature
range of 0 to 34°C.

24

lll. Test Results and Discussion

Croup delay ranging data and phase data were
processed by means of special TDL computer programs
written for the SDS 920 computer. Output data from the
computer was provided every 20 or 30 seconds. However,
these integration periods could be changed at the option
of the operator. These output data were then averaged
manually to obtain an overall mean and standard error
applicable to the total integration time at a particular
signal level setting or temperature. These mean values of
group delay with standard error limits are shown plotted
as functions of received signal levels and temperature for
S- and X-band frequencies in Figs. 3 to 10.

It is of interest to note in Fig. 3 that at 21°C ambient
temperature, the mean value for the S-band group delay
changed about 1.6 ns when signal levels were varied over
a 40-dB dynamic range. Figure 7 shows that the X-band
group delay at 21°C changed about 4 ns when signal levels
were varied over a 30-dB range. Similar observations of
group delay changes at other temperatures are sum-
marized in Table 1 for convenience of further study. The
overall or worst case group delay change as functions of
both temperature and signal level was found to be about
5 ns for S-band and 7 ns for X-band.

Table 2 is a summary of group delay repeatability tests
at a particular strong signal level setting. The elapsed time
between settings was 1 hour or more. The worst change or
drift observed at 21°C was 0.77 ns for S-band and 1.56 ns
for X-band.

The causes of the group delay changes at the stronger
signal levels are not clearly understood at the present time.
The changes should not be attributable to the ZDD atten-
uators because group delay changes of the individual
attenuators are less than 0.05 ns over a 69-dB range and
4.4 to 37.8°C temperature range (Ref. 3). Repeatability of
the ZDD attenuators was typically better than +0.02 ns.
Some of the group delay changes might be attributed to
the ranging system itself. Changes of about +2 ns have
been previously observed on TDL ranging tests of space-
craft radio equipment (Ref. 4).

The data presented in this article should be considered
to be preliminary and not necessarily applicable to the
final installed configuration at DSS 14. Phase data which
were also obtained on the ZDD assembly at TDL are
currently being analyzed. The phase test results will be
reported in a subsequent article.
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Table 1. Summary of peak group delay changes observed
as functions of signal level and temperature

Temperature, Maximum, Minimum, Difference,
°C

ns ns ns

S-band mean values for signal levels 18 to 58 dB above threshold

21.0 232.26 230.69 1.57

4.4 231.35 229.23 2.12

34.0 232.29 230.69 1.60

Posteallimation, . e31n 297.37 3.70
34°C for max;

21°C postcali- 232.29 227.37 4.92

bration for min

X-band mean values for signal levels 5 to 35 dB above threshold

21.0 279.08 275.06 402

4.4 274.40 272.01 2.39

34.0 276.24 272.89 335

P °"°“2'i‘_’5a"'°“- 273.39 272.07 1.32
21°C for max;

T e 279.08 272.01 7.07

Table 2. Summary of group delay system drift tests
at strong signal level

Temperature, Initial, Final, Change, Elapsed
°C ns ns ns time, h
S-band mean values for signal level 58 dB above threshold
21.0 230.75 229.98 0.77 1.1
44 229.23 229.41 —0.18 1.3
34.0 230.76 230.60 0.16 1.5
Poucalestion, g5s058. 23047 0.15 13
X-band mean values for signal level 35 dB above threshold
21.0 277.83 279.39 —1.56 5 |
4.4 273.65 274.40 —0.75 1.3
34.0 274.32 273.06 1.26 2.0
Fosesllbeation, 7090 - 97941 0.49 11
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path of the ZDD at 34°C
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Reprinted from The Deep Space Network Progress Report 42-20, Apr. 15, 1974, pp. 64-68.

S/X Band Experiment: Zero Delay Device Antenna Location

C. T. Stelzried, T. Y. Otoshi, and P. D. Batelaan
Communications Elements Research Section

Representative data are presented for the original Block 3 and Block 4 zero
delay devices as a function of antenna elevation angle. Instabilities on the order
of 33 nanoseconds as obtained with the original S-band Block 3 system are reduced
by relocation of the zero delay device (ZDD) homn. However, unsatisfactory per-
formance at X-band for the Mariner Venus/Mercury 1973 (MVM’73) S/X experi-
ment ZDD requires a reconfiguration eliminating the horns and associated air path.

I. Introduction

The S/X-band experiment (Ref. 1) requires a zero delay
device (ZDD) for routine calibrations and receiving sys-
tem performance verification tests. The Block 4 ZDD
(Ref. 2) developed for the S/X-band experiment is an
antenna-mounted transponder that receives an uplink sig-
nal of 2113 MHz and reradiates downlink signals of 2295
and 8415 MHz. It utilizes the Mu-2 ranging and Block 4
receiving systems.

This article presents results of some preliminary tests at
S-band made to determine the Block 3 ZDD range change
sensitivity to antenna tipping and horn location. In addi-
tion, the Block 4 ZDD performance at both S- and X-band
with antenna tipping is presented. Figure 1 shows the
DSS 14 64-m antenna and indicates the various test loca-
tions for the ZDD on the dish surface (positions 1-3) and
the ZDD installation exterior to the Mod 3 area (posi-
tion 4).
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Il. Test Setup

A series of S-band tests was performed on the 64-m
antenna at DSS 14 from August 1972 to January 1973 to
evaluate the performance of the ZDD. Three test setups
were as follows:

(1) The S-band Block 3 ZDD was used and consisted
of an open-ended WR 430 waveguide/type N co-
axial transition and a mixer diode. The local oscilla-
tor (LO) frequency of 181 MHz was supplied by
the Block 3 receiver/exciter assembly, and ranging
was done with the Mu-1 ranging system. The ZDD
was first mounted on the 64-m antenna surface
near the base of a quadripod leg (Fig. 1, position 1).
This location has been used in conjunction with
Mu-1 ranging for previous flight missions. The ZDD
was then moved to other locations (Fig. 1, posi-
tions 2, 3) and tested. The polarization diversity
S-band (PDS) cone diplex system and PDS maser
were used for this test setup.




(2) The second test setup involved radiating from the
PDS cone and receiving with several types of small
antennas at a location exterior to the roof of the
Mod 3 level (Fig. 1, position 4). Relative phase was
measured with a network analyzer, and range was
determined by a frequency variation method.

(3) The third test configuration may be seen in Fig. 2.
In this test configuration the Block 4 ZDD is in-
stalled at a location exterior to the Mod 3 level,
below and near the roof ladder access hatch (Fig. 1,
position 4). The ZDD is enclosed in a special RF-
shielded welded box with remotely controllable lid
for RF noise burst suppression. The location for this
configuration was selected on the basis of results
obtained in the above test setups. This location has
the added advantage that the source of the LO fre-
quencies is physically close to the ZDD from the
Mod 3 area, thus resulting in greater phase stability.

ll. Test Results

Ranging stability using the Block 3 ZDD was found to
be very sensitive to antenna elevation angle. Data were
typically taken at 10-deg increments of elevation angle.
A summary of the data is shown in Table 1. In addition,
a test was performed using the Block 3 translator, which
bypasses the transmitter and air path completely. Approxi-
mately 1 nanosecond of range change was measured with
antenna tipping indicating good stability of the overall
maser/receiver system. These data indicate that the loca-
tion of the ZDD “antennas” is a key factor in determining
the magnitude of the instabilities, which are presently
assumed to be due to elevation-dependent multipath
phenomena.

The comparable results for Tests 1 and 6 are to be noted
in that they were made at different times with indepen-
dent equipment and measurement setups but at the same
location (Fig. 1, position 4).

Figure 3 shows the system ranging performance for the
dual channel S- and X-band systems using Block 4 re-
ceivers and the Mu-2 ranging system with the ZDD
mounted in the shielded box (Fig. 1, position 4) and with
the S/X reflex feed system installed. Considering the large
instability with elevation angle at X-band and the re-
quirement to provide a stable calibration system for the
MVMT3 S/X experiment, it was decided to modify the
original ZDD block diagram. This was accomplished by
bypassing the horns and providing the 2113 MHz from a
directional coupler on the transmitter output and inject-
ing the S(2295-MHz) and X (8415-MHz) signals directly
into the respective masers via waveguide couplers and
semirigid cables. This configuration eliminated the as-
sumed multipath-originated range instabilities (Ref. 4).

IV. Conclusions

Tests for proper location of a ZDD were conducted
only at S-band frequency and before installation of the
S/X reflex feed mechanisms. These tests indicated that,
under those conditions, the location exterior to the Mod 3
level would be satisfactory.

Based on these data, the Block 4 ZDD was installed at
the Mod 3 location in the shielded RF box. After installa-
tion of the Block 4 receiver/exciter, Mu-2 ranging and the
S/X reflex feed, tests showed that the location, while
acceptable for S-band, was not acceptable for X-band.
This required a reconfiguration eliminating the horns and
associated air path.
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Table 1. Summary of DSS 14 zero delay device performance in

S-band antenna tipping tests
pk/pk range variation
Test Description with antenna elevation

angles between zenith
and 11 deg, ns

1 Test setup 2 <l
(Fig. 1, position 4)
2 Test setup 1, Block 3 ZDD, 33

original position
(Fig. 1, position 1)

3 Test setup 1, Block 3 ZDD 6
(Fig. 1, position 2)
4 Test setup 1 Block 3 ZDD 15

(Fig. 1, position 3), 1.5
panels from antenna edge

5 Test setup 1, Block 3 ZDD, 13
Mod 3 location
(Fig. 1, position 4)
6 Test setup 1, same as Test 5 3
except pyramidal horn
added to Block 3 ZDD
ORIGIy
OF poo‘é[' PAGE 15 -

QUALI’I’Y
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——POSITION 2:
_BLOICK 3 20D TEST

)

Fig. 1. DSS 14 64-m antenna showing various locations of ZDD
test positions (1 through 3) and RF shielded box (position 4)
used for the Block 4 ZDD installation
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Reprinted from The Deep Space Network Progress Report 42-20, Apr 15, 1974, pp 57-63

S/X Experiment: A New Configuration for Ground System
Range Calibrations With the Zero Delay Device

T. Y. Otoshi and C. T. Stelzried

Communications Elements Research Section

A new configuration for ground system range calibrations with the zero delay
device (ZDD) was recently implemented at DSS 14 for the 8/X experiment. In this
new configuration, the original ZDD horns and associated air paths are eliminated.
The uphnk test signal 1s now coupled out of the transmitter waveguide path and
brought directly to the ZDD by calibrated cables of known delays The downlink
signals generated by the ZDD are injected diwrectly into the masers via calibrated
cables and waveguide couplers Preliminary tests on the new system indicate that,
in the absence of the air path, the ground system range change as a function of
antenna elevation angle 1s typically less than 3 ns at S-band and X-band,

L. Introduction

With the exception of DSS 14, all stations of the Deep
Space Network use the conventional zero delay ranging
configuration, 1 which the zero delay device (ZDD) 15>
mounted on the dish surface A zenith range measurement
to a dish-mounted ZDD and a simple Z-height correction
(Ref 1) should provide all of the needed ground station
information for determining the true range to the space-
craft However, as was pointed out in a separate article
(Ref. 2) m this volume, results of tests showed that large
changes 1n range occurred as a function of antenna eleva-
tion angle when a ZDD was placed on the 64-m antenna
dish surface Since the changes could be due to a multi-
path phenomenon, one cannot assume that a zenith mea-
sured value 1s the correct value. It was further reported in
Ref. 2 that a satisfactory location 1n the Mod-3 area was
found for the ZDD at S-band, but the performance at
X-band was unsatisfactory.

Because of the described problems with the conven-
tional ZDD configuration, it was proposed by G. S. Levy
that, for the S/X experiment, the ZDD horns and associ-
.ated air paths be eliminated and replaced by semirigid
cables This article describes the new configuration and
presents results of some preliminary tests

38

li. New Configuration

A block diagram of the current ZDD calibration system
at DSS 14 may be seen m Fig 1. This new configuration
was installed on the 64-m antenna system at DSS 14 on
January 12, 1974 In tins new configuration, the uplink
2113-MHz signal is now sampled from a direchional cou-
pler in the waveguide transmit Iine and earried dwectly
to the ZDD by coaxial cables of known delay. The down-
link signals of 2295 and 8415 MHz generated by the ZDD
are carried by calibrated cables and injected directly into
the respective S- and X-band masers via directional cou-
plers. Figure 2 shows the block diagram of the ZDD
assembly as presently modified for this new configuration.
The origmal block diagram for the ZDD was previously
shown in Refs 3 and 4

The maimn disadvantage of the new method is that, by
elimmation of the air path, one 1s not able to use the
ZDD to detect problems which might occur in the micro-
wave optics subsystem. With the new ZDD configuration,
one is restricted to testing only the portion of the ground

1A previous similar configuration was mstalled on December 20,

1973, but 15 not descnbed n this article This previous system
could only be vsed with the 20-kW transmutter.
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system that includes the transmitter, masers, Block 4 re-
ceivers, and associated wavegmde and cable paths. A sec-
ond disadvantage of the new method is that there is no
longer just a simple Z-height correction that must be
added to the measured ZDD range value. As described
“in an article elsewhere in this volume (Ref. 5), the new
Z-correction now requires knowledge of range delays in
all portions of the uplink and downlink signal paths that
are riot mutually common to the “Range-on-ZDD” path
and “Range-on-Spacecraft” path as defined up to the an-
tenna bench mark, Knowledge of these delays requires
(1) group delay calibrations of cables to and from the
ZDD, (2) group delay calibrations of portions of the
transmit/receive waveguide paths, and (3) calculations of
air path delays via the microwave optics path, A tabula-
tion of the delays as calibrated with a phase-locked net-
work analyzer system is presented in Table 1 for the
DSS 14 ground system depicted in Fig. 1. It should be
pointed out that any new equipment installation in the
paths described in Table 1 will invalidate the calibrations.

The advantage of the new method is that the range and
- phase calibrations will be more stable and repeatable. As
will be shown later, the range delay variation with an-
tenna tipping 15 very small. A second advantage is that a
theoretically calculated air path delay should be more
accurate than a ZDD measured value which is apparently
corrupted by multipath effects A theoretical analysis
can account for the total integrated effects of a far-field
illuminator and therefore more closely represent the
actual spacecraft range configuration, The elevation angle
dependence of range to quadripod blockage, reflector
surface distortions and sagging, reflections from antenna-
mounted structures, and subreflector defocussing can be
studied analytically,

IH. Test Resuits

Figures 3 and 4 show preliminary results of range tests
on the new ZDD configuration using the 100- and 20-kW
transmitters, respectively. It can be seen that the maxi-
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mum range change with elevation angle was about 3 ns
for S-band and X-band. Additional tests showed that insig-
nificant changes of range occurred as funttions of azimuth
angles for either the S- or X-band system. These prelimi-
pary test results indicate that the group delays of the
transmitters, masers, Block 4 receivers, and associated
cabling are nearly insensitive to antenna motion.

The ZDD was also used to test the doppler phase sta-
bility of the S- and X-band systems as functions of antenna
tipping The peak phase changes due to doppler phase
jitter and antenna tipping were typically found to be less
than +30 deg for S-band and X-band Some of the phase
changes that were observed could be attributed to the
quantization error of the S/X doppler resolvers. The peak
error due to the resolvers is about +18 deg for a 5-MHz
biased doppler. It should be pointed out again that the
measured values do not include possible changes in the
air path -

IV. Conclusions

The new ZDD configuration using cable paths rather
than the air paths has been found to be virtually insensi-
tive to antenna motion. This new configuration therefore
appears to be superior to the original system in terms of
repeatability. Since the new configuration does not in-
clude the arr path, the effects of antenna sag on range and
phase stability must now be determined theoretically.

At present the ZDD range values are being taken with
the antenna at zenith during the precalibration and post-
calibration periods of the Mariner 10 spacecraft tracking
passes. Over a period of about 30 days, the differential
$/X ZDD range appears to be stable to within 10 ns. The
long-term absolute group delay instabilities are about two
times greater. An attempt is being made to analyze the
changes and correlate them with ambient temperature,
maser gain, and Block 4 equipment modifications.
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Table 1. Summary of group delay measurements pertinent fo
DSS 14 Z-corrections for the new ZDD configuration implemented
on January 12, 1974

Input port Qutput port
(Figs. 1and 2) (Figs 1emdg)  Measured group delay, ns

49'35 0 09 (1o)
14 11 =0.76 (15) .
87 38 =012 (1o)
9 49'+0 80 (Lo)
7063 =0 10 (1o)
3277 +0 08 (o)
37 57 £0.12 (o)
091 +0.03 (1o)
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Fig. 1. Block diagram of the new configuration at PSS 14 for ground system range calibrations
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