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Note to Readers

There are two sets of document histories in the 810-005 document, and these
histories are reflected in the header at the top of the page. First, the entire document is
periodically released as a revision when major changes affect a majority of the modules. For
example, this module is part of 810-005, Revision E. Second, the individual modules also change,
starting as an initial issue that has no revision letter. When a module is changed, a change letter is
appended to the module number on the second line of the header and a summary of the changes is
entered in the module’s change log.

This module supersedes module INT-10 in 810-005, Rev. D.
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1 Introduction

1.1 Purpose

This modular handbook has been approved by the Deep Space Mission Systems
(DSMS) Engineering Program Office and is published as a source of interface design data for all
flight projects using the Deep Space Network (DSN). It provides information useful to flight
projects contemplating the design of hardware and software, with reasonable assurance that the
resulting project telecommunications interfaces will be compatible with the established or
planned DSN configurations.

1.2 Scope

The handbook consists of modules that present technical information applicable
to the current DSN configuration and preliminary information applicable to future DSN
configurations. These modules will be revised to reflect new capabilities and distributed to all
users as these capabilities become approved by the DSMS Engineering Program Office.
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This handbook is primarily concerned with performance parameters of equipment
that supports the forward and return telecommunications link interfaces between spacecraft and
the DSN. Other interfaces, such as ground data interfaces and administrative interfaces, are
covered in a companion handbook, the Telecommunications and Mission Operations Directorate
(TMOD) Document 810-007, DSMS Mission Interface Design Handbook.

1.3. Distribution

This handbook is published as an electronic document. However, organizations or
individuals under contract to, or having received a request for proposal from, the National
Aeronautics and Space Administration (NASA) or one of its centers, may receive loose-leaf
bound printed copies upon request to the DSMS Engineering Program Office or the editor of this
document. Persons receiving printed copies will normally be notified of revisions by electronic
mail but may also request delivery of printed revisions.

Persons having no further use for printed copies of the document are requested to
return them to the editor of this document. The purpose of this request is to minimize the
possibility of documents remaining in circulation if they are not being maintained. Requests for
mailing address changes should also be submitted to the editor of this document.

2 General Information

2.1 Constraints

The disclosure of a capability by this handbook does not ensure that it can be
made available to all potential DSN users. Specific support commitments must be negotiated
between individual flight projects and the TMOD Plans and Commitments Office. Details about
this office, names for personnel to contact, and their electronic addresses are available at the
following website: <http://deepspace.jpl.nasa.gov/advmiss/>. Furthermore, this handbook does
not relieve projects of the responsibility for obtaining frequency spectrum support for their
equipment designs. This spectrum support is obtained through the JPL Frequency Manager,
who is resident in the Plans and Commitments Program Office .

In seeking viable solutions to telecommunications or data-processing problems,
flight projects are not necessarily constrained by the effective design parameters contained in this
handbook. However, flight project requirements that could require DSN interface design beyond
what is specified by this handbook are subject to negotiation with the Plans and Commitments
Program Office.

The term user appears throughout this handbook whenever a mode of operation
or parameter must be selected by a flight project. It must be understood that it is only in rare
cases that these decisions can be made in real time. All DSN activities are planned well in advance
and conducted by highly skilled persons trained in handling contingencies. Changes to planned
operations must be made in accordance with DSN procedures that are beyond the scope of this
document.
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2.2 Types of Data

It is the intent of this handbook to provide data verified by measurement and,
therefore, representing actual performance. Unless clearly marked to the contrary, data in this
handbook should be assumed to comply with this intent.

Sometimes it is necessary to include DSN design performance data that have not
been verified by measurement. These data will be clearly identified in the associated text or by
appropriate marking.

As hardware and software are tested and evaluated under operational conditions
throughout the DSN, performance parameters will be upgraded to represent actual performance
and published in the next revision of the appropriate module.

2.3 Proposed Capabilities

Whenever sufficient information is known about a capability being implemented in
the DSN and having adequate maturity to be considered for spacecraft mission and equipment
design, this information will be included in the appropriate modules under the heading of
Proposed Capabilities. Telecommunications engineers are advised that anything discussed under
this heading cannot be committed to except by negotiation with the TMOD Plans and
Commitments Program Office.

2.4 Document Layout

The modules in this revision of 810-005 have been divided into major sections that
can be identified by their module numbers and the color of the tabs in the printed version or the
index to the on-line version.

This module is part of an introductory section that may be expanded in the future
to include tutorial or summary information. Modules in this section have yellow tabs and
numbers starting with 0.

The next section, Space Link Interfaces, contains modules that provide
information to those concerned with antenna selection and propagation effects. Modules in this
section have blue tabs and numbers starting with 1.

The third section, Station Data Processing, contains modules that provide
capabilities and performance of equipment installed in the Signal Processing Center (SPC) portion
of each DSN location. This information will be of interest both to telecommunications engineers

and spacecraft mission designers. Modules in this section have green tabs and numbers starting
with 2.

The fourth section in this revision, Ground Station Properties, contains modules
that provide information about the underlying technologies relating to many of the Space Link
Interfaces and Station Data Processing modules. These modules have been grouped to consolidate

this information in one place. Modules in this section have brown tabs and numbers starting with
3.
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2.5 Module Revision and Control

The modules contained in this handbook are approved for publication under the
authority of the cover page signatories. Revisions are indicated by a revision letter following the
module designator.

A summary of the changes and additions to the on-line version of 810-005 can be
accessed on the home page of the document, located at the website listed on the cover and title
page of this document. Currency of modules in printed copies can be verified against the
information in the Table of Contents supplied with each revision or by comparison with the on-
line version. Minor corrections or changes to printed copies may be issued in the form of module
change pages that will be appropriately marked and recorded in a Change Log near the front of
the module.

Persons requesting additions of modules to the handbook should direct their
request to the DSMS Engineering Program Office. Persons requesting changes, corrections, or
additions to existing modules should direct their comments to either of the cover page signatories
or to their functional titles at the DSMS Engineering Program Office. All modules are subject to
the review and approval process of TMOD Standard Practice, DSMS Documentation Structure,
Standards, and Definitions; TMOD Document 810-001.

2.6 Abbreviations

Abbreviations are normally defined after their first textual usage and are compiled
in module 901, Handbook Glossary. It should be recognized, however, that certain common
abbreviations or acronyms used in this handbook may not defined. External users may refer to
any of several compilations of electronic terms for omitted definitions. Users with access to the
JPL Intranet can find additional abbreviations in DSMS System Engineering Standard; DSMS
Abbreviations and Acronyms, TMOD Document 820-062.

2.7 Applicable Documents

The latest issues of the following documents are referenced by modules in this
handbook or are the source of requirements for this handbook or the capabilities described herein.

2.7.1 DSMS External Documents

The following documents either are public documents or may be made available to
organizations or individuals under contract to, or having received a request for a proposal from,
NASA or one of its centers.

1. The Telecommunications and Mission Operations Progress Report, On-line
document <http://eis.jpl.nasa.gov/tmo/progress_report/>

2. DSMS Standard Practice, DSMS Mission Interface Design Handbook; TMOD
Document 810-007
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3. DSMS Requirements and Design, DSMS External Interface Specification; TMOD
Document 820-013
2.7.2 DSMS Internal Documents

The following DSMS internal documents are referenced by, or provide
requirements for, this handbook and may be found at the Product Data Management System
website <http://pdms.jpl.nasa.gov/Reports/TMOD/m_epub.html>.

1. TMOD Standard Practice, DSMS Documentation Structure, Standards, and
Definitions; TMOD Document 810-001

2. DSMS System Engineering Standard, DSMS Abbreviations and Acronyms;
TMOD Document 820-062

3. DSMS Subsystem Requirements and Design; TMOD Document Series 834
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Note to Readers

There are two sets of document histories in the 810-005 document, and these
histories are reflected in the header at the top of the page. First, the entire document is
periodically released as arevision when major changes affect a majority of the modules. For
example, thismoduleis part of 810-005, Revision E. Second, the individual modules also
change, starting as an initial issue that has no revision letter. When amodule is changed, a
change letter is appended to the module number on the second line of the header and a summary
of the changesis entered in the modul€’ s change | og.

This module supersedes TCI-10 in 810-005, Rev. D.
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1 I ntroduction
1.1 Purpose

This module provides the performance parameters for the Deep Space Network
(DSN) 70-meter antennas that are necessary to perform the nominal design of a
telecommunications link. It also summarizes the capabilities of these antennas for mission
planning purposes and for comparison with other ground station antennas.
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1.2 Scope

The scope of thismodule is limited to providing those parameters that
characterize the RF performance of the 70-meter antennas. The parameters do not include
effects of weather, such as reduction of system gain and increase in system noise temperature,
that are common to all antennatypes. These are discussed in module 105, Atmospheric and
Environmental Effects. This module also does not discuss mechanical restrictions on antenna
performance that are covered in module 302, Antenna Positioning.

2 General Information

The DSN 70-m Antenna Subnet contains three 70-meter diameter antennas. One
antenna (Deep Space Station [DSS] 14) islocated at Goldstone, California; one (DSS 43) is near
Canberra, Australia; and one (DSS 63) is near Madrid, Spain. The precise station locations are
shown in Module 301, Coverage and Geometry. All antennas support L-, S-, and X-band
reception and S-band transmission. In addition, DSS 14 and DSS 43 have an X-band
transmission capability.

Figure 1 isablock diagram of the S-band and X-band microwave and transmitter
equipment at DSS 14 and DSS 43 that is common to the two stations. The diagram does not
show the S-band Ultracone that has been installed at DSS 43 in support of the Galileo S-band
mission. A block diagram of the S-band and X-band microwave and transmitter equipment at
DSS 63 isshown in Figure 2.

All three stations include the S-band, Polarized, Diplex feedcone (the SPD cone)
that contains the feed, the primary low-noise amplifier (LNA) and its support equipment, the
diplexer, and the required switches and other waveguide. The backup LNA and S-band
transmitters are located in an area beneath the feedcones. Two S-band transmitters are provided
for spacecraft communication: a 20-kW S-band transmitter for normal spacecraft communication
and a400-kW transmitter for emergency commanding. The Goldstone site also has a radar
transmitter that operates near the normal receive frequency band. The feed employs an
orthomode junction that permits simultaneous right-circular polarization (RCP) and left-circular
polarization (LCP) to be used. The polarizer may be switched so that either polarization may be
directed to the non-diplexed path with the opposite polarization appearing on the diplexed path.
The non-diplexed path (orthomode upper arm) is used for listen-only reception or if the
spacecraft transmits and receives on opposite polarizations. If the spacecraft receives and
transmits simultaneously with the same polarization, the diplexed path must be used, and the
noise temperature is higher.

DSS 14 and DSS 43 employ the X-band Transmit-Receive feedcone (the XTR
cone). The XTR cone employs a unique feed design that includes a diplexing junction to inject
the transmitted signal directly into the feed. This eliminates the need for a waveguide diplexer
and acommon path for the received and transmitted signals. Asaresult, much of the received
path can be cryogenically cooled with a significant reduction in operating system temperature.
The S/X dichroic plate can also be retracted when S-band is not required for a further
improvement in X-band performance. The XTR feed includes a fixed circular polarizer, an
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orthomode junction, and two identical high-electron-mobility transistor (HEMT) low-noise
amplifiers. A separate polarizer is provided for the transmitter so that the transmitted signal can
be of either polarization

DSS 63 employs the older X-band receive only feedcone (the XRO cone). The
XRO cone includes a switchable polarizer, an orthomode junction, and two maser low-noise
amplifiers with their support equipment.

The S- and X-band feeds are provided with phase calibration couplers and comb
generators so the stations can be used for very-long baseline interferometry reception in addition
to spacecraft tracking.

2.1 Telecommunications Parameters

The significant parameters of the 70-meter antennas that influence
telecommunications link design are listed in Tables 1 and 2. Variationsin these parameters that
are inherent in the design of the antennas are discussed below. Other factors that degrade link
performance are discussed in modules 105 (Atmospheric and Environmental Effects) and 106
(Solar Corona and Wind Effects).

211 Antenna Gain Variation

The antennagainsin Tables 1 and 2 do not include the effect of atmospheric
attenuation and should be regarded as vacuum gain at the specified reference point.

2111 Frequency Effects

Antenna gains are specified at the indicated frequency (fg). For operation at higher
frequenciesin the same band, the gain (dBi) must be increased by 20 log (f/fp). For operation at
lower frequencies in the same band, the gain must be reduced by 20 log (f/fp).

21.1.2 Elevation Angle Effects

Structural deformation causes a reduction in gain when the antenna operates at an
elevation angle other than the angle where the reflector panels were aligned. The net gain of the
antennais also reduced by atmospheric attenuation, which is afunction of elevation angle and
weather condition. These effects areillustrated in Figures 3 through 6, which show the estimated
gain versus elevation angle for the hypothetical vacuum condition (structural deformation only)
and with 0%, 50%, and 90% weather conditions, designated as CD (cumulative distribution) =
0.00, 0.50, and 0.90. A CD of 0.00 (0%) means the minimum weather effect (exceeded 100% of
thetime). A CD of 90.0 (90%) means that effect which is exceeded only 10% of the time.
Qualitatively, a CD of 0.00 corresponds to the driest condition of the atmosphere; a CD of 0.50
corresponds to humid or very light clouds; and 0.90 corresponds to very cloudy, but with no rain.
A CD of 0.25 corresponds to average clear weather and is often used when comparing gains of
different antennas. Comprehensive S-band and X-band westher effects models (for weather
conditions up to 99% cumulative distribution) are provided in module 105 for detailed design
control use.
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Figure 3 depicts the S-band (2295 MHz) net gains for al stations as a function of
elevation angle and weather condition, including the vacuum condition. Net gain means
vacuum-condition gain as reduced by atmosphere attenuation. DSS 43 gain is considered to be
identical, using both the SPD cone and the ultracone. The L-band gain curve shapes should be
considered identical to the S-band curve shapes, except that they are reduced in value by the
difference shown in Table 2. Figures4 and 5 present the predicted X-band (8420 MHz) net
gains of the DSS 14 and DSS 43 antennas as a function of elevation angle and weather condition,
including the vacuum condition using the X TR feedcone with the S/X dichroic plate retracted.
The gains of the DSS 63 antenna, using the XRO feedcone, are shown for the same conditions in
Figure 6. The equations and parameters of these curves are given in Appendix A. The models
use aflat-Earth, horizontally stratified atmosphere approximation.

21.1.3 Wind Loading

The gain reductions at S- and X-band due to wind loading are listed in Table 3.
Thetabular data are for structural deformation only and presume that the antennais maintained
on-point by conical scan (CONSCAN, discussed in module 302) or an equivalent process. In
addition to structural deformation, wind introduces a pointing error that is related to the antenna
elevation angle, the angle between the antenna and the wind, and the wind speed. Cumulative
probability distributions of wind velocity at Goldstone are given in module 105.

212 System Noise Temperature Variation

The operating system temperature (Top) varies as a function of elevation angle due
to changes in the path length through the atmosphere and ground noise received by the sidelobe
pattern of the antenna. Figures 7 through 12 show the combined effects of these factorsat L-, S-,
and X-bands in a hypothetical vacuum (no atmosphere) condition for selected antenna
configurations and with the three weather conditions described above. The equations and
parameters for these curves are provided in Appendix A of this module. The models use aflat-
Earth, horizontally stratified atmosphere approximation.

At S-band (2295 MHz), the clear-sky zenith noise temperatures of each antenna
are different; however, their elevation-related effects are considered to be similar. Figure 8
shows S-band noise-temperature curves for DSS 14, LNA-1, non-diplexed. Curvesfor other
antennas and configurations can be calculated by using the noise temperature values or
differences shown in Table 2. The L-band system temperature curve (Figure 7) is modeled from
the S-band curve so that at zenith the 25%-weather system temperature is 35 K. The X-band
(8420 MHz) system temperature curves for three stations are shown in Figures 11 through 13.
Thefiguresfor DSS 14 and DSS 43 using the X TR feedcone are estimates for X-band only
configuration (S/X dichroic plate retracted) based on pre-installation tests. The figure for DSS
63 isfor /X configuration using the XRO feedcone and is derived from measured data and the
weather model in module 105.

The system noise temperature values in Table 2 include a contribution due to 25%
weather that must be subtracted for comparison with antennas that are specified without
atmosphere (hypothetical vacuum). Table 4 provides adjustments to the 25% weather operating
system temperatures that were calculated using the weather models in module 105.
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Tables 5 through 10 give S-band system noise temperatures to be expected during
average clear weather conditions at elevation angles near the horizon, corresponding to rise and
set azimuths of spacecraft with declinations of approximately -15° to -25°. These data were
gathered specifically to support the Galileo Mission during the 1995 through 1998 period.

Tables5 and 6 are for rise and set azimuths at DSS 14 (Goldstone) using the S-
band SPD cone (the standard S-band receiving system). Tables 7 and 8 are for rise and set
azimuths at DSS 43 (Canberra) using the S-band ultracone (an additional, very-low-noise S-band
receiving system located on that antenna). Two-way operation (simultaneous transmit and
receive) or dual polarization (RCP and LCP) is not possible when the ultracone is being used for
reception. The standard SPD cone at DSS 43 is available for diplexed and non-diplexed
configuration with a somewhat higher noise temperature, as given in Table 2 and Appendix A,
Table A-3. Tables9 and 10 give rise and set noise temperatures for DSS 63 (Madrid). The
elevation dependence of S-band noise temperature for al antennasis considered to be similar to
the DSS 14 performance depicted in Figure 8, subject to the low-elevation differences given in
Tables 5-10. Figures 9 and 10 show S-band system noise temperatures at a 6° elevation angle
for al antennas at the eastern and western horizons for the Galileo range of rise and set azimuths.

213 Pointing Accuracy

Figure 14 shows the effects of pointing error on effective transmit and receive
gain of the antenna (pointing loss) for the S-band transmit and the L- and S-band receive
frequencies. The effects of pointing error at the X-band transmit and receive frequenciesis
shown in Figure 15. These curves are Gaussian approximations based on theoretical antenna
beamwidths. Data have been normalized to eliminate elevation and wind-loading effects. The
equation used to generate the curvesis provided in Appendix A.

2.2 Recommended Minimum Operating Carrier Signal Levels

Table 11 provides the recommended minimum operating carrier-signal levelsfor
selected values of receiver tracking-loop bandwidth (B)). These levels provide a signal-to-noise
ratio of 10 dB in the carrier-tracking loop, based on the nominal zenith system temperatures
given in Table 2 and assuming 25% weather.

3 Proposed Capabilities

The following paragraphs discuss capabilities that have not yet been implemented
by the DSN but have adequate maturity to be considered for spacecraft mission and equipment
design. Telecommunications engineers are advised that any capabilities discussed in this section
cannot be committed to except by negotiation with the TMOD Plans and Commitments Program
Office.

3.1 70-m X-Band Uplink I mplementation

DSS 63 will be equipped with the X TR feedcone and will have the same
capabilities as described for DSS 14 and DSS 43 and documented in Tables 1 and 2.
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Tablel. S- and X-Band Transmit Characteristics

Parameter Value Remarks
ANTENNA
Gain (dBi) At gain set elevation angle, referenced to
feedhorn aperture for matched
polarization; no atmosphere included
S-Band (2115 MHz) 62.7 £0.2 All stations
X-Band (7145 MHz) 72.9 +0.2 DSS 14 and DSS 43
Transmitter Waveguide Loss
(dB)
S-Band All stations
0.2 £0.02 400-kW Transmitter output to feedhorn
aperture
0.3 £0.02 20-kW Transmitter output to feedhorn
aperture
X-Band 0.45 +0.02 20-kW Transmitter output to feedhorn
aperture, DSS 14 and DSS 43
Half-Power Beamwidth (deg) Angular width (2-sided) between half-
power points at specified frequency
S-Band 0.128 +0.014
X-Band 0.0378 +£0.003
Polarization RCP or LCP One polarization at a time, remotely
selected
Ellipticity, RCP or LCP (dB) Ellipticity is defined as the ratio of peak-to-
trough received voltages with a rotating,
linearly polarized source and a circularly
(elliptically) polarized receiving antenna.
Ellipticity (dB) = 20 log (V2/V1)
S-Band 2.2 (max) All stations
X-Band 1.0 DSS 14 and DSS 43
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Table 1. S- and X-Band Transmit Characteristics (Continued)

Parameter Value Remarks

ANTENNA (Continued)

Pointing Loss (dB)

Angular See module 302 Also, see Figures 14 and 15.
CONSCAN
S-Band
0.1 Recommended value
0.03 At S-band, using X-band CONSCAN
reference set for 0.1-dB loss
X-Band DSS 14 and DSS 43
0.1 Recommended value
EXCITER AND

TRANSMITTER

RF Power Output (dBm) Nominal output power, referenced to
transmitter port; settability is limited to 0.25
dB by measurement equipment precision

S-Band

20-kW Power 73.0, +0.0,-1.0
Amplifier

400-kW Power 86.0, +0.0, -1.0 See note at end of Table 1.
Amplifier

X-Band DSS 14 and DSS 43

20-kwW Power 73.0, +0.0, -1.0
Amplifier

Both S-band and X-band transmitters employ variable-beam klystron power amplifiers. The output
from this kind of amplifier varies across the bandwidth and may be as much as 1 dB below the
nominal rating, as indicated by the tolerance. Performance will also vary from tube to tube. Normal
procedure is to run the tubes saturated, but unsaturated operation is also possible. The point at
which saturation is achieved depends on drive power and beam voltage. The 20-kW tubes are
normally saturated for power levels greater than 60 dBm (1 kW) and the 400-kW tubes are saturated
above 83 dBm (200 kW). Minimum power out of the 20-kW tubes is about 53 dBm (200 W) and
about 73 dBm (20 kW) for the 400-kW tubes. Efficiency of the tubes drops off rapidly below nominal
rated output
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Table 1. S- and X-Band Transmit Characteristics (Continued)

Parameter

Value

Remarks

EXCITER AND

TRANSMITTER (Continued)

EIRP At gain set elevation angle, referenced to
feedhorn aperture
S-Band
148.5, +0.0, -1.0 400-kW Transmitter
135.4, +0.0, -1.0 20-kW Transmitter
X-Band 145.4, +0.0, -1.0 DSS 14 and DSS 43

Frequency Range Covered
(MH2z)

S-Band

1-dB Bandwidth

2110to 2118

Coherent with Deep
Space S-Band D/L
Allocation

2110.2 to 2117.7

240/221 turnaround ratio

Coherent with Deep
Space X-Band D/L
Allocation

2110.2t0 2119.8

880/221 turnaround ratio

X-Band

DSS 14 and DSS 43

1-dB Bandwidth

7145 to 7190

Coherent with Deep
Space S-Band D/L
Allocation

7147.3to 7177.3

240/749 turnaround ratio

Coherent with Deep
Space X-Band D/L

7149.6 to 7188.9

880/749 turnaround ratio

Allocation
Tunability At S-band or X-band transmitter output

frequency

Phase Continuous 2.0 MHz

Tuning Range

Maximum Tuning Rate +12.1 kHz/s

Frequency Error 0.012 Hz Average over 100 ms with respect to
frequency specified by predicts

Ramp Rate Error 0.001 Hz/s Average over 4.5 s with respect to rate

calculated from frequency predicts
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Table 1. S- and X-Band Transmit Characteristics (Continued)

Parameter Value Remarks
EXCITER AND
TRANSMITTER (Continued)
S-Band Stability At transmitter output frequency
Output Power Stability 12-h period
(dB)
Saturated Drive +0.25 20-kW Transmitter
Saturated Drive +0.5 400-kW Transmitter
Unsaturated Drive +1.0 20-kW and 400-kW transmitters
Frequency (Af/f), 1000-s 5x10™ Allan deviation
Averaging
Phase Stability (dBc) In 1-Hz bandwidth
1-10 Hz Offset —60 Below carrier
10 Hz-1 kHz Offset —70 Below carrier
Group Delay Stability <3.3 Ranging modulation signal path over
(ns) 12-h period (see module 203)
Spurious Output
2nd Harmonic (dB) -85 Below Carrier
3rd Harmonic (dB) -85 Below Carrier
4th Harmonic (dBm)
—140 dBm 20-kW Transmitter
TBD 400-kW Transmitter
X-Band Stability DSS 14 and DSS 43 at transmitter output
frequency
Output Power Stability 12-h period
(dB)
Saturated Drive +0.25
Unsaturated Drive 1.0
Frequency (Af/f), 1000-s 2.3x10™ Allan deviation

Averaging
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Table 1. S- a