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SECTION 1

INTRODUCTION

With the launch of the first Tracking and Data Relay SatelTite (TDRS),
many future user spacecraft in low earth orbit will be transmitting data
to ground elements via the TDRS System (TDRSS). 1In the 1990's, the user
spacecraft missions will impose data relay requirements to such an extent
that all missions will not be supportable with the TDRSS capabilities.
Therefore, the Tracking and Data Relay Satellite System of the 1990's must
be significantly more capable than TORSS. The Tracking and Data Acquisi-
tion System (TDAS), which is to raeplace the TDRS in the 1990's, thus

requires enhanced capabilities which will suppoert the projected future
missions.

As noted, the TDAS Satellite must be a significantly improved version of
TORS. 1In the Satellite architecture portion of the TDAS Study effort,

an investigation was made of the fmprovements that can possibly be made
to the communications modules of TDRS to meet TDAS requirements. The fol~
lowing enhancements are identified for TDAS Satellite implementation:

) S-Band MuTtiple Access Subsystem (SMA)
® 60 GHz Single Access (WSA) Subsystem

’ Laser Communication Subsystem

Signal Routing Switch

Multiple Beam Antenna {MBA)

TDAS Crosslink,

The realization of these enhancements requires the availability of adequate
hardware. Hence, the development of support technology to produce the
necessary hardware (i.s., the technology essential ta the support of Space
Segment of TDAS for the 1990's) has been assessed. This includes the pre-
viously mentioned TDAS Satellite enhancements as well 4s assaciated user
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i: Spacecraft Subsystems. In view of the new TDAS interface requirements
- (compared with those which now exist for the TDRS) with which the user
ﬁ; spacecraft of 1990's must be compatible, it becomes necessary to assess
| the technology of user spacecraft sub., ..as. Hence, the technology of
ﬂ' the following subsystems of user Spacecraft have been assessed:
. ® 60 GHz High Power Amplifier
i . User Spacecratt Antenna System
-5 t On-Board Tape Recorder
i; 9 User Spacecraft Attitude Control System
. . On-Board Computers.
1
N This report contains the results of the TDAS and user Spacecraft technology
i assessment effort. For each TDAS Satellite enhancement and user spacecraft

element previously enumerated, the technology issues are identified and the
R&D needed to resolve these issues 1s delineated. Subsequently, taking
into account developmants taking place elsewhere, the additional unique
TDAS satellite module and user spacecraft element R&D efforts needed are
identified, and conclusions are drawn in each case, From these conclusions,
it is evident that with additional unique R&D efforts carried out for TDAS

R
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i, and appropriate user spacecraft elements the desired TDAS' capabilities for
b the 1990's can be realized and user spacecraft can be implemented that ade-
£ quately interface with the projected TDAS.

i

T 1.1 OVERVIEW

The Data Relay Satellite of the Tracking and Data Acquisition System (TDAS)
of the 1990's will need to be significantly more capabls than the Tracking
and Data Relay Satallite (TDRS). An effectiVe TDAS Satellite can be realized
by augmenting- the TDRS design with enhancenents which will provide larger
capacity, increased access,'dafa accessability to more Tocations on the
ground, and TDAS satellite crosslink capabilitites. Realization of enhanced
capabilities will require enhanced. communications modules and on-board pro-
cessing. Because TDAS will impose new interface requirements on its user
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ol Spacecraft, a technology assessment of the user spacecraft which addresses
S these new interface requirements is necessary. In this report, the support
s: technology essential to the development of the Space Segment of TDAS for

!i TORS enhancement and each applicable yser Spacecraft element, respectively,
Unique R&D efforts needed in this regard are also identified,
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60 GHZ HPA TECHNOLOGY

The various elements of this section of the report are
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1isted in the chart.
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60 6HZ HPA TECHNOLOGY

HPA REQUIREMENTS FOR TDAS USER s/C
COMPARISON OF CANDIDATE APPROACHES

HPA POWER COMBINING TECHNIQUES

— VARIOUS TECHNIQUES
— COMPARISON

CURRENT AND PROJECTED CAPABILITIES
TECHNOLOGY ISSUES AND R&D NEEDED
HPA UNIQUE R&D NEEDED

CONCLUSIDNS
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HPA REQUIREMENTS FOR TDAS USER SPACECRAFT

Key requirements for the 60 GHz HPA are listed. Power requivement is
dictated by data rate and Tink parameters. It should be a light weight
assembly so that the user spaceeraft (S/C) is not overly burdened with
weight, It is unlikely that a single HPA unit can satisfy the stated out-
put power requirements. Thus, the outputs of an adequate number of units
must be combined to achieve the desired power. Combiners are used for
combining the power outputs of HPA units with attendant combining losses,
resulting in a combiner efficiency less than 100%, In order to achieve
required output by combining a minimum number of units, it is desirahle %o
achieve the highest possible combiner efficiency; ninety percent (90%) is
considerad an achievable and realistic objective.
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HPA REQUIREMENTS FOR TDAS USER SPACECRAFT

PARAMETER REQUIREMENT
OPERATING FREQUENCY 60 euz (1)
OUTPUT POWER > 10w
PRIME POMWER LOWEST POSSIBLE (HIGHEST

POSSIBLE EFFICIENCY)
¥ SHT LIGHT

COMBINER EFF: > 90%

(1) NOTE: SINCE HPA TECHNOLOGY AT 60 GHZ IS MOST CRITICAL, ONLY
THIS BAND IS ADDRESSED,

STANFORD | |
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COMPARISON OF TWO CANDIDATE 'IPA APPROACHES

Two candidate approaches are viable for the 60 GHz HPA units; these are:

. Traveling Wave Tube Amplifier (TWTA)
®  Solid State Power Amplifier (SSPA).

A comparision of the twe candidate HPA approaches on the basis of key para-
meters is tabulated,
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COMPARISON GF THO CANDIDATE HPA APPROACHES

PARAMETER THTA
 OUTPUT POMER HIGH
GAIN H1GH
EFFICIENCY HIGH
BANDWIDTH BROAD
NEED FOR NEW ® CATHODE

® HIGH VOLTAGE
POWER SUPPLY

@ COUPLED CAVITY THT

'COMPONENT DEVELOPMENT

FABRICATION DIFFICULT

TECHNOLOGY UNPROVERN

e 8] STANFORD
Ll TELECOMMUNICATIONS ING.

SOLID STATE HPA

L.OW
LOW
LOW

MEDIUM

® EFFICIENT POWER COMBINERS

EASY

UNPROVEN
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HPA POWER COMBINING TECHNIQUES

HPA power output can be enhanced by combining at two levels:

s First Level Combining (Combining at Chip Level)
*  Subsequent Combining.

First Level Combining enhances the output power of the basic chip, while

Subsequent Combining techniques provide the means for combining the out-
puts of HPA units.

Functional Block Iiagrams of Candidate subsequent power combining technigues
are next given. The candidate techniques arae:

Resonant Cavity Combinar
N-Way Power Combiner -
Spatial Power Combiner

[ ]
®
[ ]
. Binary Combiner.
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HPA POWER COMBINING TECHNIQUES

COMBINING AT CHIP FIRST LEVEL COMBINING
- LEVEL

SUBSEGUENT COMBINING

RESONANT
CAVITY
COMBINER

N-WAY SPATIAL BINARY
GOMBINER COMBINER GOMBINER
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RESONANT CAVITY COMBINER

A Resonant Cavity Combiner consists of a waveguide cavity into which

several units are coupled by means of electromagnetic fields in the cavity.
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N-WAY POWER COMBINER

In an N~-way Combiner, a single N-way power divider feeds the N individual
amplifiers which are subsequently recombined with a single N-way combiner

at the output. The loss of only one combiner is encountered at both the
input and output,
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SPATIAL POWER COMBINER

In a Spatial Combiner, the individual amplifiers are driven Trom an N-way
power divider. Each amplifier drives its own antanna element. The powayr
through each amplifier is phased such that the total Raower radiated by tha
antenna recomhines in an additive mannep.
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COMPARISON OF POWER COMBINING TECHNIOUES

Advantages and disadvantages of the various Subsequent Level power com-
bining techniques are tabulated. On the hasis of the comparison, the
Resonant Cavity combiner appears to be the most promising candidate.
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COMPARISON OF POWER COMBINING TECHNIQUES

TECHNIQUE

ADYANTAGES

DISADVANTAGES

RESONANT CAVITY COMBINER

N—WAY COMBINER

SPATIAL COMBINER -

BINARY COMBINER

HIGH COMBINING EFFICIENCY
SMALL SiZE
LIGHT WEIGHT

LOW INSERTION LOSS

SMALL SIZE

LIGHT WEIGHT

USEABLE FOR ANY VALUE OF N

LOW INSERTION LOSS
EASY TO IMPLEMENT

EASY TO IMPLEMENT

NARROW BANDWIDTH
USABLE UP TO ~ 10 DEVICES

DIFFICULT TG IMPLEMENT

REAUIRES COMPATIBLE

ANTENNA DESIGN

HIGH INSERTION LOSS

LARGE SIZE

HEAVY |
USABLE UP T0 ~. 16 DEVICES

] STANFORD
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OUTPUT POWER CAPABILITIES OF SPACE TYPE TWT'S (W)

The output power capabilities of space type THT's in watts js profiled,
Although our primary interest concerns a frequency of operation of 60 GHz,
other bands are included becausa they are relevant to TDAS. At 60 GHz, in
a development program at Hughes/RADC, a power output of 5W was obtained.
The development effort met the program objectives. A reasgnable range for
the projectad output of 60 GHz TWTs in the 1985~1990 time frame is 5-50W

if the Coupled Cavity Design effort is maintained and output power ohjec-
tives are continuously enhanced.
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FREQUENCY

% S—BANKD

Ky—BAND

- 20 euz
30 GHz

60 6Hz

OUTPUT POWER CAPABILITIES OF Spack TYPE THT'S (W)

CURRENTLY
AVAILABLE
8 - 300
1-25
2 -30
2-10

THT STATUS
UNDER 1985-19901 5
DEVELOPHENT PROJECTION
- 800 - 1000
20(4) 600 - 700
15 - 75(5) 30 - 100(1)
- - 10 - 5¢(1)
5(2) 5 - 50(33

BASIS OF
PROJECTION

ONLY SPECIAL NEEDsS
WILL MOTIVATE
DEVEL OPMENT

AEG TELEFUNKEN HAS
A PARTIALLY DEVELOPED
LAB MODEL WHICH HAS
YIELDED A FMAX]
OUTPUT oF 700 w

PRESENT DEVELOPMENT
ACTIVITY AND USE OF
COUPLED CAVITY TWT

IF COUPLED cAVITY
TWT DEVELOPMENT
IS INITIATED

iF COUPLED CAVITY
THT ACTIVITY Is
- MAINYAINED

(5
\msmmenn

NOTES: (1) THE PROJECT

NEEDS DEVELOPMENT,

(2) Tuis 15 AN ENGINEER

'UNDER DEVELOPMENT (

) HUGHES,
) HUGHES,

TELECOMMUNICATIONS INC.

ED CAPABIL]

ING FEASIBILITY MODEL of 60 enz,
HUGHES/RADC ),

TY IS BASED UPON THE USE oOF COUPLED CAVITY THT WHICH

5W coupLEp CAVITY TWT




CURRENT AND PROJECTED CAPABILITIES OF SOLID STATE (IMPACT) SOURCES

This graph shows the current and projected CNW power output capabilities
of solid state (IMPATT) sources. It is projected that, in the 1985-1990

time frame, such sources will yield approximately 2.5W of output power at
60 GHz.
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CURRENT AND PROJECTED CAPABILITIES OF SOLID STATE (IMPATT) SOURCES

100
2 ®
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0.5 ()  CURRENTLY AVAILABLE.
' POWER QUTPUTS CURRENTLY
POSSIBLE IN LABORATORY.
@-@ PROJECTED POWER OUTPUTS
POSSIBLE IN 1985 - 1990
0.2 TIME FRAME.
0.1 - -
1 io0 60 100
. STANFORD . FREQUENCY GHZ
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TECHNOLOGY ISSUES AND R&D NEEDED

This chart presents technology fssues and associated R&D needed for both
TWTAs and Solid State HPAs for use in the TDAS user spacecraft at the

60 GHz operational frequency. Identification of R&D needed is focused to
achieve resolution of technology issues.

For satellite TWTA's, the technology issues are high unit weight and cath-
ode design-related issues. TWTA characteristics unigue to the 60 GHz band
require that a coupled cavity TWT design be used which, in addition to

being heavier, requires a higher operating voltage. This imposes a require-
ment for yet to be developed power supply capabilities for spacecraft use.

The diameter of the alectron beam for TWTs decreases with increase in fre-
quency of operation. Presently, spaceborne TWTs employ oxide cathodes
which, for the sake of longevity, are Iimited to a current density of

0.2 A/cm2. At 60 GHz, beam current denisities of > 0.8 A/cm? are requfred
which necessitates improved cathade materials.

R&D needed for the resolution of the foregoing TWT technology issues are
listed in the chart.
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[ TECHNOLOGY ISSUFS AND R&D NEEDED
COHPONENT TECUHNDLOGY ISSUES ’ RED HEEDED
60 6uz upa '
TYPE §: HEIGHY: ITGH DEVELOPMENT OF LIGHT WEIGHT THTA'S L
SATELLITE THIA "

CATHODE RELATED ISSUES:

; ' o A7 60 6liz, SATELLITE TWIA REQUIRES A DEVELOPHENT OF COUPLED CA%ITY THT
: COUPLED CAVITY CIRCUIT (¥HE OPERATING

FREQ. LIMIT OF NELICAL SLOH HAVE

CIRCUITS AND OXIDE CATIODES Is ~ N0

Glz) HITH FOLLOWING IMPLICATIONS:

~ HEIGHRT IS 11GH DEVELOPHENT OF LIGHT HWEIGHT
CATHODE STRUCTURES

< OPERATING VOLYAGE IS JIIGHER TiAM
HELIX TWE. TIIUS POWER SUPPLY

= REQUIREMENTS Will EXCEED CURRENT
" SPACE PROVEN TECHNOLOGY _ _
B .
2 ~ THERE 1S LITTLE EXPERIENCE WITH DESIGH AND BEVELOPMENT OF POHER
= COUPLED CAVITY THT'S IN SATELLITES  SUPPLIES SUITABLE FOR £DUPLED
; CAVITY THTA'S .
§ . = AT 60 6Nz REQ’D CATHODE CURRENT CATIODE MATERZAL RESEARCH FOR
s _

DERSETY 1S > 0.8 a/cu? wnicn DESIGN AND DEVELOPMENT OF IMPREG—
EXCEEDS THE PRESENT LIMIY oF 0.2 NATED OR DISPENSER TYPE CATIIORES
A/CHZ FOR OXIDE. CATHOBES EMPLOYED T0 PROVIDE > 0.8 A/CcHS curmENT

IN SATELLITE THT'S. TIUS, DIF- DENSITIES
FERENT CATIIODE TYPES ARE REQ'D,
TYPE 11: POHER OUTPUT: SO8LID STATE HPA'S ARE DEVELOPMENT OF RELIABLE POHER
50LID STATE HPA EFMETED IH THEIR OQUTPUT TO WOHINALLY COMBINING TECHNILOUES WiliCH
(GAAS FET, IMPATT) < } W. NECESSARY OUTPUT POHER MUST YIELD STADLE OUTPULS,

BE ‘OBTAINED BY POHER COMBINING.
POHER COMBINING EFFICIENCY:

CURRENTLY POWER COMBINING EFFICIEHCIES DEVELOFMENT OF POHER COMBINING

ARE < 701 CONSEQUENTLY REQUIRING MORE TECHHTQUES HITH > 0T coMpINING
_ WPA’S 10 DE COMBINED FOR ACHIEVING EFFICIENEY.,
: FENAL DUTIPUY,
\ =W STANFORD - /
| SLl TELECOMMUNICATIONS INC. -
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TECHNOLOGY ISSUES AND R&D NEEDED {CONTINUED)

The predominant tachnology issue related to solid state HPAs is the 1imited
output power yield (< iW) at 60 GHz, which in turn necessitates a power
combiner to achjeve higher power outputs, The technology issue related to
the power combiner is the currant power combining efficienty of 70%, which
increases the number of HPAs required to be combined for a given output
power, A combining efficiency of 904 and & promising cumbining:technique
are feasonab]e objectives of needed R&D which, when achieved, will make

the use of solid state HPAs more practical.
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HPA UNIQUE R&D NEEDED

Comparing the RA&D needed to resolve each jdentified technology issue with
the developments that are underway, the TDAS user spacecraft HPA uniqgue

R&D needs are listed for both viable approaches (TWT and Solid State Power
Amplifier).- :
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HPA UNIQUE ReD NEEDED

TWTA:

[ DEVELOPMENT OF ADEQUATE CATHODES
o SPACE QUALIFIABLE HIGH VOLTAGE POWER SUPPLY DEVELOPMENT
® SIMPLIFICATION OF FABRICATION TECHNIQUES

] ACCELERATE COUPLED CAVITY TWTA DEVELOPMENT

- SOLID STATE HPA:

e IMPROVE POWER OUTPUT AND EFFICIENCY

e ENHANCE EFFICIENCY OF PORER COMBINERS

\ W) STANFORD
| Ll TELECOMMUNICATIONS INC.
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CONCLUSIONS :

The conclusions arrived at basad upon this technology assessment effort |
are listed. o
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CONCLUSIONS

¢ BOTH TWTA AND SOLID STATE HPA ARE VIABLE
CANDIDATES FOR TDAS USER SPACECRAFT

. SOLID STATE HPA IS POTENTIALLY MORE RELIABLE
FOR s/¢ usE

L SOLID STATE HPA WILL REQUIRE POWER COMBINING
TO SATISFY OUTPUT POWER REQUIREMENTS

s POWER COMBINER IS LIKELY TG DOMINATE QVERALL
SOLID STATE HPA RELIABILITY

» LITTLE OR NO POWER COMBINING WILL BE NMEEDED
FOR THTA'S

\ ¢ ™= STANFORD
S L J| TELECOMMUNICATIONS INC.
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USER S/C_ANTENNA SYSTEM TECHNOLOGY

The initial elements of this section of the report are T1isted in the chart.
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USER S/C ANTENNA SYSTEM TECHNOLOGY

®  REQUIREMENTS FOR TDAS USER S/C ANTENNA SYSTEM
®  KEY COMPONENTS AND THEIR FUNCTIONS

- 'FUNCTIONAL BLOCK DIAGRAM

i ®  EXAMPLES OF USER S/C ANTENNAS

] USER S/C DATA HANDLING SYSTEM SHOWING DEDICATED ANTENNA
PROCESSOR ARCHITECTURE AND INTERFACES

L K AUTOTRACKER

~— FUNCTIONAL CHARACTERISTICS

~— FUNCTIONAL BLOCK DIAGRAM

~ AUTOTRACK ANTENNA SYSTEM

~ AUTOTRACK ANTENNA AND COMBINER
~— KEY AUTOTRACKER REQUIREMENTS
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: L] reLEcommunicaTions e,



USER S/C ANTENNA SYSTEM TECHNOLOGY (CONTINUED)

The final elements of this section of the report are Tistad in the chart,
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(3 ANTENNA PERFORMANCE
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REQUIREMENTS FOR TDAS USER S/C ANTENNA SYSTEM

The antenna system requirements of a TDAS user S/C are unique to the user
and for each user S/C the antenna system has to be custom tailored. How-
~ever, the 1isted requirements are intended to be generally representative,

rather than applying to any particular user or encompassing the whole TDAS
user community.

Key requirement jtems are:

60 GHz gperational frequency
Pointing accuracy

Gain losses

Power comsumption

Antenna systam weight.
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REQUIREMENTS FOR TDAS USER S/C
ANTENNA SYSTEM
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PARAMETER REQUIREMENT
TYPE PARABOLIC
DIAMETER NOMINALLY < 24 (DEPENDS UPON

DEGREES OF FREEDOM
ANTENNA DRIVE
FREQUENCY BAND
POLARIZATION
STEERIYG RATE

SYSTEM BANDWIDTH
POINTING ACCURACY

REGMTS OF INDIVIDUAL USER s/c)
2-AXIS, DUAL GIMBALLED

MOTOR DRIVEN GIMBALS

5, Ky, 60 eHz

LINEAR/CIRCULAR

NOMINALLY .02 DEG/SEC FoRr
LOW ORBITS

A2 Hz
8 < 0.5 pB 6AIN Loss

ALTGNMENT < 0.05 DEG ORTHOGONALITY
BETHEEN AXES
RESCLUTION < 0.05 pEG
DISTORTION: @ < 0.1 DB LOoSS IN GAIN
SYSTEM POWER <10 w
< 60 Lps

SYSTEM WEIGHT

W ¥) STANFORD
LI TELECOMMUNICATIONS INC.




KEY COMPONENTS AND THEIR FUNCTION

This chart enumerates the key components of the user spacecratt antenna
system and identifies the function of each.
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KEY COMPONENTS AND THEIR FUNCTION

COMPONENT
 ANTENNA

ANTENNA BOOM

DEPLOYMENT/
RETRACTION MECHANISM

ANTENNA POINTING AND
CONTROL. SYSTEM

~ ANTENNA CONTROL SYSTEM

~ GIMBAL DRIVE ASSEMBLY

"~ STEERING CONTROL ELECTRONICS
— PROCESSOR

- AUTGTRACKER

STANFORD
TELECOMMUNICATIONS INC.

FUNCTION

TO PROVIDE HIGH GAINS REQUIRED FOR
RETURN/FORWARD LLINK COMMUNICATION (TO
OBTAIN HIGH GAIN IT IS USUALLY PARABOLIC)

ANTENNA IS SUPPORTED AT BOOM TIP TO
PROVIDE UNOBSTRUCTED LINE OF SIGHT TO
TDAS s/cC

TO DEPLOY THE ANTENNA WHEN REQUIRED AND
RETRACT IT WHEN NOT IN USE

SYSTEM 70O

~ SLEW

~ POINT

~ MAINTAIN THE POINTING

OF THE RF AXIS OF USER s/c ANTENNA AT
TDAS s/¢

ANTENNA AUTOMATIC TRACKING AID WHICH IS

USED TO AUGMENT ANTENNA SYSTEM WHEN

POINTING ACCURACY REQUIREMENTS ARE
STRINGENT
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FUNCTIONAL BLOCK DIAGRAM

Although the usar S/C antenna system jg generaily complex, only a simpli-
fied Ffunctionai block diagram is shown in the facing chart. S$ince two

the antenna systep which produces torquing signals for pointing and cop-
trolling tha antenna., The following functional aspects are presented in
the diagram:

. Remote Interface Unit (RIU)

. Steering Controj Electronics (SCE)
. Angle Measurement System

. Torquer Drive

] Deployment Drive.

parts of the S/C. The SCE controls the position, velacity and accelera~
tion of the gimbai axes, deployment and retraction of the'deploy/retract
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FUNCTIONAL BLOCK DIAGRAM (CONTINUED)

The angle measurement system determines the actual angular orientation of
the antenna boresight with respect to the desqred orientation. The torquer

drive generates necassary signals to null any pointing errors. The deploy-
ment/retraction assembly.

The remaining portions. of the antenna system which are not shown in the
functional block diagram consists of the following:

Torguer

Resolver
Deploy/Retract motor
Antenna boom

Gimbals

Antenna.

These elements are mostly electromechanical in nature; user S/C antenna
exampies will serve to illustrate these jtems.
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COORDINATE SYSTEM

The user S/C antenna is assumed to he a doubTe gimballed antenna. The
rotation axes of the two gimbals are Y and ? as indicated, and ay and az
are the respective gimbal rotation angles about these axes. X ‘u’, Z
repr‘esents the coordinate frame, and it is noted that the orientation of
the -X axis is taken to be vertically upwards but this is not necassary.
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MMS USER S/C ANTENNA EXAMPLE

The figure shows an engineering sketch of an MMS user S/C antenna. AN
the key components apre shown in this illustration. The deploy/retract
assembly is made of a cellapsible structurs which remains in the collapsad
condition when the antepna is inoperative. Thig assembly is deployed to

Protrude from the MMS structure when comnunications hetween the user S/C
and TDAS are required.
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MMS USER S/C ANTENNA CHARACTERISTICS

The charactaristics of the MMS user S/C antenna are 1isted.
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HMS USER S/C ANTENNA CHARACTERISTICS

PARABOLIC -REFLECTOR

I FOOT DIAMETER .
DOUBLE GIMBALLED

+ 110° SPATIAL DEGREES RANGE

STEERING RATE LIMIT: 1.2 pEe/MIN

SLEW RATE LIMIT: 30 pEG/MIN

RETURN LINK GAIN: 27 pB (S-BAND)
= DATA RATE - 512 kBps
- STEERING CONTROL: ® ACCEPTS POSITION CMDS FOR EACH GIMBAL AXIS
& ELECTRONICS: ® PROCESSES THE COMMANDS & GENERATES DRIVE

MOTOR SIGNALS

8 DRIVE MOTOR SIGNALS POINT HGAS TO COMMAND
POSITION

® DIGITAL RATE LIMITING CIRCUITRY PREVENTS
ANTENNA MOVEMENTS GREATER THAN STEERING/
SLEW RATE LIMITS

POINTING ACCURACY: 0.64°/ax1s (BOTH FIXED AND RAMDON).
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LANDSAT-D ANTENNA EXAMPLE

As a second example, the figure shows an engineering sketch of a LANDSAT-D
user 3/C antenna, depicting all of the components relevant to such a sketch.
In this case, the antenna mast is foldable and not collapsible: a mast
deployment hinge is used for this purpose. The antenna and mast are folded
around this hinge when the antenna is inoperative. They are unfolded to
extend the antenna to a clear position relative to the user S/C structurs
when communications between the user S/C and TDAS are required.
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LANDSAT-D ANTENNA EXAMPLE

USER S/C ANTENNA  dmr—————

7 4

S-BAND FEEDS s /
ANTENNA MAST oo
uF
HBAL ASSEMBLY X-BAND ANTENNA 5
S-BAND ANTENNA o5
'a — A
Ku-BAND F EEDS 7{ HIDE BAND MODULE o3
: =
- GPS ANTENNA |[5= . =D
MAST DEPLOYMEHT HINGE ] =

< H A3~~~ OMNI ANTENNA 3
r) .

OMNT ANTENNA /4
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LANDSAT ANTENNA CHARACTERISTICS

The characterstics of the LANDSAT user S/C antenna are listed.
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LANDSAT ANTENNA CHARACTERISTICS

PARABOLIC REFLECTOR
b FT. DIAMETER
DOUBLE GIMBALLED

STEERING RANGE LIMIT:
SLEW RATE LIMIT:
RETURN LINK GAIN
DATA RATE:

GIMBAL DRIVE ELECTRONICS:

] POINTING ACCURACY: .

STANFORD

% 200° Az; -5 To +125 ELgv, SPATIAL DEGREES RANGE

0.06 pEG/sec
2.8 DEG/SEC

45 pB (ky-BAND)
100 meps

T0 PROCESS INPUT/QUTPUT cMD/ ,
TELEMETRY SIGNALS FROM/TO RIU'S

0.09° (3-0) rsS/AXIS FOR RANDOM
ERRORS

0.22° FIXED ERROR SOURCE EFFECTS

TELECOMMUNICATIONS INC.




USER S/C DATA HANDLING SYSTEM SHOWING
DEDICATED ANTENNA PROCESSOR ARCHITECTURE AND INTERFACES

The diagram presents a simplified version of a user S/C data handling sys-
tem, showing a possible architecture of the dedicated antenna processor
and key interfaces. The architecture is configured upon the assumption
that the antanna pointing, tracking and contral functions will be performed
by a dedicated processor instead of the On-Board Computer (0BC). The user
S/C will probably sti1l have an On-Board Comguter to perform other space~
craft tasks and to provide user TDAS ephemeris information necessary to
achieve antenna pointing.

The diagram shows the data bus through Bus Coupler Units (BCUs) and Remote
Interface Units (RIUs). Another Interface Unit (IU) interfaces the antenna
system and the dedicated antenna system processor to the RIU for handling
antenna system telemetry and commands. '

Key functions which dictate the architsctural configuration are:
] Functions to be performed by the processor

. Type of processor employed
. Any specialized support hardware needed,
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G B s B cosiors SR enns S — i e S oot B vcor B S iamens BRI B M S
( USER S/C DATA HANDLING SYSTEM SHOWING DEDICATED ANTENNA PROCESSOR S
o
ARCHITECTURE AND INTERFACES =
s
©
<
2
FROM _— SUPER¥ISORY BUS N _ :.;_3
r ot > - !
i COMMAND | commp | o0 B REPLY BUS i
SOURCE |  DETECTOR - # BUS
cu
RETURN
ik [ | R ! ocy
DATA TLM BCY { {
| r
l
CLOCK
l | Y CBHI}?J:LER ~ RN
OBC STINT RIU I 1 l A
DUMP “ /1"\}\ I
| ¥ [ |
HEAS
N Thth DHA IHTERRUPY 120
2 d
: \/ OB cPy ROH
1[]; cu;muus L DEDICATED ANTENNA SYS: PROCESSOR
~—— TLK USED BY
_ PROC CLOCK
ANT. SYS
[ STANFORD
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USER S/C_DATA HANDLING SYSTEM SHOWING | s
DEDICATED ANTENNA PROCESSOR ARCHITECTURE AND INTERFACES (CONTINUED)

The Central Unit (CU) is a part of the Communications and Data Handling f{
(C&DH) System, and ali commands originating from the On-Board Computer or
the Remote Interface Units., The CU formats the téiemetry (the On-Board

Computer can also perform this function), and the Pre-Modulation Processor
(PMP) processes return Tink data prior to transferring it to TDAS Satallita. -

The commands received by the usar S/C ars detected in the command detector

and sent to the CU, which controls their distribution and executiaon.
STINT is the interface between the CU and the On-Board Computer (QBC),
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AUTOTRACKER FUMCTIONAL CHARACTERISTICS

User S/C requiring tracking accuracies greater than those can be achieved

by open loop antenna pointing and control systems are augmented with an
autotracker. This is an enhanced tracking aid which is activated when
needed. This aid is not operational at all times but only when the pointing/

tracking requirements exceed the capabilities of the antenna poinying and
control system.

The chart defines the functional characteristics of an autotracker, and
the following charts, respectively, show:

’ Autotracker functional block diagram

. Functional block diagram of autotrack antenna system'
) Autotrack antenna combiner.

Y1I-2-66

PRECEDING PAGE BLANEK NOT FILMED

T

2

g



. . ' : : . o
- [ 0 " : : i A [ eh -
; ! - B - - [ s o n ch L

_______

AUTOTRACKER FUNCTIONAL CHARACTERISTICS

o | ®  SIMULTANEOUS RECEPTION/TRANSMISSION FROM/TO TDAS S,Ky AND
60 6HZ FORWARD/RETURN LIfK ' H
ﬁ . | ©  PROVIDE TWO-AXIS, MONOPULSE, AUTOTRACK ERROR SIGNALS FROM

TDAS BEACON

19-2-1IA

o PROCESS AUTOTRACK ERROR SIGNALS AND GENERATE ANTENNA CONTROL
INPUTS

\ == W] STAMFORD -
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AUTOTRACKER FUNCTIONAL BLOCK DIAGRAM

A functional block diagram for the autotracker is shown. It illustrates

the development of 2-axis antenna null error signals based upon the TDAS
beacon.
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AUTOTRACKER FUNCTIONAL BLOCK DIAGRAM
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FUNCTIONAL BLOCK DIAGRAM OF AUTOTRACK ANTENNA SYSTEM

A sinplified block diagram of the autotrack antenna system used to develop
TDAS beacon tracking error signals in azimuth and elevation is shown.
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FUNCTTONAL BLOCK DIAGRAM OF AUTOTRACK ANTENNA SYSTEM

3 dB
HYBRID | TO GIMBALS
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AUTOTRACK ANTERNA AND COMBINER

Features of the autetrack antenna ang cembiner are ghown.
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KEY AUTOTRACKER REQUIREMENTS (NOMINAL)

The chart delineates nominal values for key autotracker requirements.
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KEY AUTOTRACKER REQUIREMENTS (NOMINAL)
KEY REQUIREMENT VALUE
POINTING ERROR @ < 0.5 pB GAIN Loss |
LINK PERFORMANCE TO SATISY POINTING ERROR REGMT
TRACKING CAPABILITY AUTOTRACK TDAS
ERROR SIGNAL SOURCE AUTOTRACK (A/T) RECEIVER TO PROVIDE
| ANELE ERROR OUTPUT SIGNALS FOR
AUTOTRACKING TDAS
A/T RECEIVER IF BW Y myz
ERROR SIGNAL BW 1 uz
TDAS LINE-OF-SIGHT PULL IN RANGE 0.3 DEG WITH MIN OPERATIONAL S/N RATIC
ANGULAR TRACKING RANGE RELATIVE 0.1 pee
TO TDAS
MINIMUM S/N RATIO SUCH THAT TRACKING ERROR IS < (0,002 pp
BORESIGHT ERROR < 0.001 peg
ERROR SIGNAL SENSITIVITY 5v/DEG
(SCALE FACTOR)
M= M) STANFORD
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KEY AUTOTRACKER REQUIREMENTS (CONTINUED)

The chart delineates nominal valuss for additional key autotrackar require~
ments.
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KEY AUTOTRACKER REQUIREMENTS

KEY REQUIREMENT

ANTENNA GIMBAL ASSEMBLY
AND ELECTRONICS

GIMBAL MECHANICAL PERFORMANCE

LIFE

\ W) STANFORD .
Ll TELECOMMUNICATIONS INC.

(CONTINUED)

VALUE

AUTOTRACKER SHALL BE COMPATIBLE WITH
THE FOLLOWING R

T WU AXIS GIMBALS

~ GIMBAL DRIVE MOTORS WITH BEARINGS
AND POSITION RESOLVERS
CONTINUOUS OR STEPPER MOTORS
CONTROL AND RESOLVER ELECTRONICS

AUTOTRACKER SHALL NOT COMPROMISE THE
FOLLOWING DESIRED PERFORMANCE

ROTATION: BIDIRECT10NAL
~ ELEVATION FREEDOM: 130 pEg
= AZIMUTH FREEDOM 500 pEg.
= NOMINAL STEP sizé 0,1 pEg
~ STEERING RATE 0.02 pEe/sec
- SLEW RATE
> 3 YEARS
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FACTORS AFFECTING USER S/C ANTENNA POINTING ACCURACY AND CONTROL

Factors affecting user S/C antenna pointing accuracy and coﬁtroT are iden-
tified, including whether the control Toop is open or closed and the order
of the control loop. The use of an autotracker enhances the operational
accuracy. Within the constraints imposed by control system stability con-
siderations, the faster the rate at whtich the antenna orientation is
updated, the higher will be the pointing/tracking aceuracy. The precision
of the resolvers and the gimbals directly affect the pointing accuracy.
The antenna pointing and control system design should be such that $/C
platform stability is maintained as required while the control devicas

are appiied to maintain antenna pointing.

When a user spacecraft's mission requires the use of precision instruments,
the spacecraft/platform stability and associated antenna controi require-
ments are correspondingly more stringeht. In such missions, to achieve the
stability and pointing accuracy requirements, the derivatives of the reac-
tion control torques (generated by antenna torguers) on the platform must
be kept within acceptable 1imits to Timit jerks impacted to the S/C.
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TYPE OF CONTROL LOOP: OPEN, CLOSED AND ORDER OF LOOP

.AUTOTRACKER

UPDATE RATE

RESOLVEE ACCURACY

GIMBAL ACCURACY

PLATFORM STABILITY

S/C PLATFORM STABILITY REQUIREMENTS

THE TIGHTER THE PLATFORM SPEC; THE MORE STRINGENT THE ANTENNA.

CONTROL REQUIREMENTS. MUST LIMIT MAGNITUDE OF DERIVATIVES
AND THE REACTION OF CONTRGL TORQUES ON PLATFORM.

TELECOMMUNICATIONS iNC.




ANTENNA POINTING ERROR SOURCES

Various sources of antenna pointing errors are enumerated. The antenna
pointing and tracking accuracy is directly degraded by ephemeris errors
for both the user and TDAS spacecrafti, the resolver errors, and the errors
resulting from quantizing the error signals which express the misorienta-
tions between the actual and desired pointing directions.

The distortion of the antenna reflector causes aperture illumination errors
which cause beam squint and antenna gain degradation. Any fixed misatign-
ment of the antenna when it is attached to the user spacecratt or time-
varying misalignment due to the kinematic or thermal environments in the
operational phase will produce pointing errors. This also relates to
antenna drive alignment and any misalignments preduced during deployment.
The software associated with the antemna pointing and control system also
Causes errors due to imperfect computations.
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ANTENNA POINTING FRROR SOURCES

9 FOR EACH GIMBAL AXIS:

~ USER S/C EPHEMERIS ERRGRS
= TDAS EPHEMERIS ERRORS

~ RESOLVER ERROR

~ QUANTIZATION ERRORS

[ ANTENNA DISTORTION

ANTENNA ALIGNMENT

18-2~ITA
»

] ANTENNA DRIVE ALIGNMENT

8 MISALIGNMENTS DURING DEPLOYMENT

e SOFTHARE ERRORS

\ N STANFORD |
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ANTENNA PERFORMANCE

The chart provides a tabulation of representative antenna performance data
expressed in terms of gain loss for a defined pointing ervor and the cor-
responding degradation of communications capacity. This degradation is
expressed as an avaiiable data rate which is 3 percentage of the maximum
data rate, with 100% representing no errors. Performance computations

are made for S, K; and 60 GHz bands with pointing errors assumed at these
bands to be 1, 0.25 and 0.1 degree, respectively, for a range of antenna
diameters from 2 to 10 feet. On-axis gain and 3 dB beamwidth for each
case are also tabulated.
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ANTENNA PERFORMANCE

T - ON-AXIS 3-pa 1L0SS OF GAIK: OB AVAIL(ABLE DAT.
DIAMETER GAIN: DB BEAMNIBTH: DEG ¢ {:‘:{] "z RATE (X oF MAX
- : + S 3 e
H | : (FT) 5 Ky 60 euz| s Ky 60 auz T Er 1° [}.55' 0,1° s ky 60 6z
2 21 36 W | % 25 06 { 01 015 041 | 98 9 8 .
i 7 w2 5y 7 1.5 83 |05 05 1| om 88 95
6 3B 58 | 4.7 0.8 0.2 05 1.2 3.0 88 76 50
8 3 4 60 |35 06 05| 10 28 55{7 6 30
o | 3% s 6 |28 05 013|115 30 85| 7 50 IS
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POSSIBLE S/Ku/60 GHZ BAND ANTENNA CONFIGURATION

Key characteristics of a possible conceptual configuration of a muitiband
user 5/C antenna system are listed in the chart. The configuration assumes:

Cassegrain type antenna for K,/60 GHz bands
Front-fed anternna for S-band

Diechroic subreflector

60 GHz feed accommodated within K, band feed
Autotracker augmentation at 60 GHz and K, bands.

This conceptual configuration should serve as a starting point to conduct
design feasibility efforts to evolve adequate antenna designs for operation

at 60 GHz/Ky bands er other multiple bands selected out of S, K, and 60 GHz
bands.

Almost invariably a single band user S/C antenna will be needed, It is
unlikely that multiple band user S/C antenna will be required.
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A POSSIBLE S/Ky/60 GHZ BAND ANTENNA CONFIGURATION ﬁ‘\\\
CHARACTERISTIC ' 60 cHz Ky~BAND S—BAND
ANTENNA ILLUMINATION CASSEGRAIN CASSEGRAIN FRONT FED 4
MAIN REFLECTOR GOLD/COPPER G0LD/ COPPER Ky/60 GHzZ BANDS
' ' PLATED GRAPHITE PLATED GRAPHITE DICTATE PERFORMANCE
WHICH WILL
, EXCEED REQMTS
REFLECTOR ) DICHROIC DICHROIC TRANSPARENT P
FEED
= TRANSMIT b0 eHz HORN SAME DIPOLES
: WITHIN ¥;j BAND
HORN
- RECEIVE _ 60 GHZ HORN SAME : DIPOLES
WITHIN Ky~BAND
FOUR ERROR HORKS
| |
AUTOTRACK. ' MONOPULSE COM- SAME PROBABLY NOT
. : . PARATOR AND _ REQUIRED
COMBINER

wE) STANFORD : |
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TECHNOLOGY ISSUES AND R&D NEEDED

Technology issues which resulted from this technology assessment effort
are listed in the chart, along with the R2D efforts needed to resolve
these issues. Identification of technology issues and R&D needed is bro-
kent down on the basis of the following componernts of the antenna system:
1) Antenna, 2) Antenna Boom, 3) Deployment/Retraction, 4) Antenna Pointing
and Control System (APCS), and 5) Autotracker.

The technology issues for the antenna are related to its gain, pointing
accuracy and 60 GHz band operational capability. The goal of the needed
R&D should be to achieve a reflector surface roughness of approximately
0.1 mm and high structural rigidity. In addition, design feasibility
evTorts should be conducted to develop feed subsystems with the indicated
60 GHz frequency band operational capability.

In order to Timit antenna vibrations (due to flexibility of the antenna
boom) with consequent pointing errors, the key issue for the antenna boom -
is that it should be s1mu1taneous1y Tight in weight and h?gh in structural
rigidity. The R&D efforts should aim to identify promising boom configura-
tion and to practically demonstrate its performance in a zero environment.

The commnon problem with deployment/retraction mechanisms is their failure

to deploy and/or retract properly. The necessary R&D efforts should achiev:
the objectives of defining possible failure modes and of developing adequate
mechanisms with approximately a S5-year 1i;etime This lifetime should be
greater than the 1ife of the user S/C to assure failure-free deployment and
retraction of the antenna during the mission.
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COMPONENT

ANTENNA

ANTENNA BOOM

DEPLOYMENT/RETRACTIOHN

TECHNOLOGY ISSUES AND ReD NEEDED

TECHNOLOGY ISSUE

GAIN, EFFICIENCY AND POINTING
ACCURACY DECREASES WITH
~ SURFACE ROUGHNESS OF
REFLECTOR
- REFLECTOR DEFORMATION DUE
TO REFLECTOR AND STRUCTURE
FLEXIBILITY

DEGRADATIONS INCREASE WITH
FREQUENCY

OPERATIONAL ABILITY OF ANTENNA
OVER MULTIPLE FREG. BANDS (IF
DESIRED IN A PARTICULAR CASE)

DESIRABILITY OF LIGHT WEIGHT,

RIGID AND COLLAPSIBLE/TELESCO-
PIC BOOMS PRESENT CONFLZCTING

REQUIREMENTS

DOMINANT PROBLEM IS THE FAILURE
OF THE MECHANISM TO DEPLOY AND/OR

*60_GHZ ARRAY ANTENHAS WITH ONE HPA UMIT FOR EACH ELEMENT ©F THE ARRAY ARE STRON
ANTENNAS™ AND ARE DISCUSSED IN HPA SECTION 2.1.1.

® AN ANTENNA WITH ™ 0.1 MM

- TIONS_FOR A USER S/C LIFE

RED NEEDED

REFLECTOR SURFACE ROUGH-
NESS AND HIGHLY RIGID
FROM STRUCTURAL VIEWPOINT
SHOULD BE DESIGNED AND
DEVELOPED FOR OPERATION
AT 60 eHz

DEVELOPMENT OF PHASED
ARRAY ANTENNAS WITH ONE
b0 GHZ HPA UNIT FOR EACH
ELEMENT i

‘INVESTIGATE THE POSSIBIL—
ITY OF DESIGNING FEED
SUBSYSTEMS WHICH CAN OPER-
ATE AT TWO OR MORE OF S,
Ky AND 60 GHZ BANDS

VARIOUS DESIGN CONFIGURA-
TIONS ARE POGSSIBLE. THESE
'SHOULD. BE COMPARATIVELY
EVALUATED BY ANALYTICAL/
SIMULATION TECHNIQUES AND
PROMISING CONFIGURATIONS
BE PRARTICALLY TESTED IN
ZERO G ENVIRONMENT

INVESTIGATE FAILURE MECH-
ANISMS, THEIR UNDERLYING
CAUSES AND CANDIDATE SOLU-

oF ~ 5 YEARS
G CONTENDERS TO REFLECTOR

.

\\ | A STANFORD ;
B Ll TELECOMMUNICATIONS iNC.
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TECHNOLOGY ISSUES AND R&D NEEDED (CONTINUED)

Variocus technology issues are related to the APCS. In the operational
phase, when control torques for pointing purposes are important to the
antenna, torgue noise is reacted back to the S/C. Consequently, the 5/C
jerks and it experiences attitude disturbances. To resolve this problem,
the APCS and the user S/C attitude control system should not be indivi-
dually designed. Instead, they should be jofntiy and'éoncurrent]y designed
by appropriately addressing flexibility effects and torque noise. A devel-
aped model of an APCS for 60 GHz operaciocn is completely lacking. It is.
therefore, necessary that >dequate development activities be initiated,
with an emphasis on realizing the desired capabilities of operation with
high accuracy at 60 GHz. To achieve this without disturbing the user S/C
attitude, Kalman fillers should be used to augment the user S/C attitude
control system which will improve the quality of attitude determ .ation

and corraction by estimating gyro drifts.
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TECHNOLOGY ISSUES AND R&B NEEDED

(CONTINUED)
COMPONENT - TECHNOLOGY 1SSUE
 ANTENNA POINTING & ® TORQUES IMPARTED TO POINT
CONTROL SYSTEM (APcs) THE. ANTENNA CAUSE

- TORQUE NOISE
- 8/C JERKS

WHICH DISTURBE SATELLITE BORNE

INSTRUMENTS AND DEGRADES DATA

RATE PERFORMANCE

® NO APCS HAS BEEN DEVELOPED
FOR 60 G6HZ OPERATION WHERE
STRINGENT POINTING ACCU-
RACIES ARE AN ISSUE

& INADEQUACIES IN THE DESIGN
AND MACHINING OF MECHANICAL
PARTS DEGRADE PERFORMANCE

STANFORD

N

R&D NEEDED

® METHODS SHOULD BE DEVEL-

OPED TO JOINTLY CONFIGURE
AND OPTIMIZE ANTENNA CON-
TROL SYSTEM AND USER S/C
ATTITUDE CONTROL SYSTEM
ACCOUNTING FOR FLEXIBILITY
EFFECTS AND TORQUE NOISE

STRINGENT POINTING ACCURACY

REQMTS SHOULD DICTATE NEC-

ESSARY DEVELOPMENT ofF 60

GHZ APCS IN WHICH

— ANTENNA CONTROL SYSTEM
HAS TO BE MORE FRE-
QUENTLY ACTIVATED TO
IMPART CORRECTIVE POINT—
ING TORQUES

- EXTEMDED KALMAN FILTER
IS IMPLEMENTED TO EN-
HANCE ATTITUDE MEASURE
MENT ACCURACY OF USER

- 8/C ACS BY ESTIMATING
GYRO DRIFT ALONG WITH
ATTITUDE

IT IS NECESSARY TO ENHANCE
MACHINING PRECISION AND
LONG WEARING BEARINGS

¢ DEVELOPMENT OF MAGNETICALLY

SUSPENDED BEARINGS. _“/j

TELECOMMUNICATIONS INC.
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TECHNOLOGY ISSUES AND R&D NEEDED (CONTINUED)

Additional technology issues related to the APCS hardware ape design inade-
quacies of machanical parts, wear and tear of bearings, optimum gimbal drive
motors and the weight/power burden Of'Steerihg Control Electronics (SCE).
The needed R&D should seek to enhance the 1ife and precision of bearings to
identify if a "continuous" or "stepper” motor should be used in the 60 GHz

. APCS, and to develop a 1ightweight/1ow power'consumption SCE assembly.
Continuous drive motor is the way to go in general, but in particular cases,
stepper can be used.

A processor which performs the computations necessary to point the antenna
must be associated with the APCS. Two choices for this are the use of the
user S/C On~Board Computer (0BC) or a Dedicated Processor. In addition to
the advantages stated on the chart, a dedjcated Processor-based APCS allows
the antenna system to be tested eariier in the design phase than if the
APCS utilizes a centra] Un-Board Computer. A dedicated Processor thus _
appears necessary or highly desirable, and a represehtafive design must be
imp]eﬁented and its performance demonstratad through R&D efforts.
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TE£HNULUGY ISSUES AND R&D NEERED
(CONTINUED)
TECHNOLOGY ISSUE R&D NEEDED

COMPONERT

ANTENNA POINTING &
CONTROL SYSTEM (Apcs)
(CONTINUED)

5 wa8) STANFORD

8 POINTING ACCURACY DETERIORATES
WITH WEAR & TEAR OF BEARINGS

® IT IS NOT CLEAR WHETHER "con-
TINUOUS" OR "STEPPER" TYPE
MOTORS SHOULD BE USED IN GIM-
BAL DRIVES FOR B0 GHZ SYSTEMS

¢ STEERING CONTROL ELECTRONICS
PUTS WEIGHT AND POWER BURDEN
ON TDAS USER s/cC

& DUE TO
~ INCREASED DEMANDS ON THE
CENTRAL ON—BOARD CONPUTER
IN THE FUTURE

~ INCREASED COMPUTATIONAL

- DEMANDS PLACED BY W-BAND
APCS DUE TO HIGHER UPDATE

. NECESSARY TO YIELD DESIRED
PCINTING ACCURACY

~ POSSIBILITY OF CENTRAL OBC
BEING TIED UP WHEN AN UPDATE
IS NEEDED

® STUDY IS NECESSARY TO

IDENTIFY OPTIMUM CHOICE

SMALL, LIGHT WEIGHT AND
LOW POWER CONSUMPTION
STEERING CONTROL FLEC-
TRONICS SUBSYSTEM SHOULD
BE DEVELOPED TO REDUCE
WETGHT/POWER BURDEN ON
USER S/C

A DEDICATED PROCESSOR IS
NECESSARY AND A REPRESEN-
TATIVE DESIGN BASED ON
STATE OF ART MICROPROCESSOR
BE DEVELOPED, ITS NECESSARY
INTERFACES WITH CENTRAL ON-
BOARD COMPUTER IDENTIFIED
AND PERFORMANCE DEMON—
STRATED

J
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TECHNOLOGY ISSUES AND MEEDED R&D -(CONTINUED)

Autotrackers have been developed® durihg the LANDSAT and TDRS Spacecraft
development phases, but, for the particular case of user 5/C using TDAS,
the autotracking must operate at 60 GHz., This is a band for which no auto-
tracker has been developed. This represants. the source of the technology
issues listed on the chart. Necessary R&D efforts to resolve these tech-
nology issues are identified.

These autotrackers are meant to operate at K, band and even at this band,
all the autotracker problems are not soived. It is very sensitive to
signal changes and signal variations can be interpretied as tracking
inaccuracy. At 60 GHz, we are far from being done,
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COMPONENT

AUTOTRACKER o

1

\\ =l STANFORD
: l TELECOMMUNICATIONS INC.

TECHNOLOGY ISSUES AND ReD NEEDED

(CONTINUED)

TECHNOL OGY 1SSUE

REQUIRED CAPABILITY TO MANDLE
THREE (3) FREQ. BANDS, 3, Kijs
0 GHzZ coMPLICATE ANTENNA

SYSTEM DESIGN

AT 60 GHZ, TIGHT MECHANICAL
PRECISION AND STRINGENT
POSITIONAL ACCURACIES ARE
REQUIRED TO ACHIEVE DESIRED
TRACKING ACCURACY

APERTURE ILLUMINATION ERRORS
INDUCED IN MAIN REF., SUB REF.
AND FEED APERTURES DEGRADE
POINTING/TRACKING ACCURACY

SENSING RF BORESIGHT SHIFTS
BASED ON AMPLITUDE MONGPULSE
TECHNIQUES PROVIDE SUBOPTIMUM
TRACKING ACCURACIES

R&D NEEDED

ANTENNA CONFIGURATION STUDY
WITH SPECIAL EMPHASIS ON
COMMUNICATION AND TRACKING
FEEDS IS NECESSARY TO IDEN-
TIFY OPTIMUM DESIGN

DEMONSTRATION MODEL SHOULD
BE DESIGNED USING FRECISION
MACHINING AND FABRICATION
TECHNIQUES

MATERIAL, CONSTRUCTION AND
FABRICATION TECHHIQUES OF
ANTENNA COMPONENTS SHOULD
BE INVESTIGATED AND OPTiMUM
METHODOLOGY THAT RESULTS
IN A LEAST FLEXIBLE SYSTEM
WHICH IS HIGHLY IMMUNE TO
ERRORS IN OPERATIONAL PHASE
SHOULD BE IDENTIFIED

INITIATION OF A STUDY To
IDENTIFY SENSITIVE, NOISE
IMMUNE AND OPTIMALLY ACCU-
RATE SENSING TECHNIQUES




ADDITIONAL USER S/C ANTENNA UNIQUE R&D

Based upon ‘the experience built up in the past and the current ongoing
development activities, the additional user S/C antenna unique R&D needed
is listed on the chart.

The existence of cross-fertilization of TDAS S/C technology by user $/C
technology (and vice versa) does not imply the elimination of technology
R&D effort for achieving enabling technologies for the subsysiems of one
by virtue of cross-fertilization and technology R&D effort donz for the
other. Although cross-fertilization is beneficial, still unique R&D is
necessary for each individual case. For the case of user S/C antenna in
particular, TDAS technology R&D unique to WSA antennas will be helpful but
will not be able %o replace technology R&D unique to user S/C antenna.
This is due to difference in requirements and points of difference between
user 5/C antennas and WSA antennas. To mention a few, compared with WSA
antennas, the volumetric gain {volume over hwich accaptable gain is rea-
Tized) reliability, life and redundancy of user S/C antennas is low.

User should not be forgotten and a parailel technology R&D for user $/C
antenna must be done. '
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ADDITIONAL USER S/C ANTENNA UNIQUE R&D

CONDUCT :

L INVESTIGATION OF MATERIALS, FABRICATION AND ASSEMBLY TECHNIQUES
YIELD LIGHT WEIGHT AND SMOOTH ANTENNA

® DEVELOPMENT OF LIGHT WEIGHT, S, Ky, 60 GHZ FEED STRUCTURES

® SIMULATION (EXPERIMENTAL AND/OR COMPUTER) TO IDENTIFY

= OPTIMUM CONTROL CONFIGURATION

= ADEGUATE CONTROL LAW

~— SUITABLE TYPE OF GIMBAL DRIVE MOTORS
~ STRUCTURAL FLEXIBILITY EFFECTS

~ FACTORS INFLUENCING TORQUE NOISE

TO SERVE AS GUIDELINES FOR USER s/c ANTENNA DESIGN

. DEVELOPMENT OF A MICROPROCESSOR BASED DEDICATED PROCESSOR FOR
ANTENNA POINTING AND CONTROL

e DESIGN AND DEVELOPOMENT OF AUTOTRACKER FOR 60 GHZ APPLICATIONS

) DEVELGPMENT OF PHASED ARRAY ANTENNAS WITH ONE 60 GHZ HPA UNIT FOR
EACH ELEMENT OF THE ARRAY

STANFORD

TELECOMMUNICATIONS INC.



CONCLUSIONS

Based upon this technology assessment effort, the resulting conclusions
are Tisted.
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CONCLYSTONS

60 GHz USER S/C — TDAS LINKS HAVE HIGH DATA RATE CAPABILITY

NO USER S/C ANTENNA HAS EVER BEEN BUILT FOR 60 6Hz OPERATION
— A MISSING PART OF THE LINK

TO EXPLOIT HIGH RATE CAPABILITY, R&D MUST BE DONE TO DEVELQP
USER S/C ANTENNA SYSTEM WHICH CAN WORK AT Ky AND 60 6Hz BANDS

AUTOTRACKER MUST AUGMENT USER S/c ANTENNA SYSTEM

WE CAN MAKE USER S/C BETTER BECAUSE

~ USER S/C TECHNOLOGY R&D WILL CONTEINUE EVEN AFTER
TDAS S/C IS DEPLOYED

= USER S/C TECHNOLOGY R&D IS LESS EXPENSIVE
CROSS FERTILIZATION BETWEEN TDAS USER S/C AND TDAS s/cC
ALTHOUGH BENEFICIAL DOES NOT IMPLY THAT TDAS USER S/C RE&D WILL

ELIMINATE THE NEED FOR TDAS s/C R&D OR VICE VERSA

IN TECHNOLOGY R&D EFFORT THERE DOES NOT SEEM TO BE ANY SIGNIFICANT
RISK TO MEET GOALS

STANFORD
TELECOMMUNICATIONS INC.
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ON-BOARD TAPE RECORDER TECHNOLOGY

The various elements of this section of the report are listad in the chart.
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ON-BOARD TAPE RECORDER TECHNOLOGY

[} REQUIREMENTS OF TDAS USER $/C

@  KEY PARAMETERS AND INFLUENCING FACTORS

®  CURRENT AND PROJECTED CAPABILITIES

®  TECHNOLOGY ISSUES AND R&D NEEDED

) ON-BOARD TAPE RECORDER UNIQUE R&D NEEDED

®@  CONCLUSIONS

STANFORD - :
TELECOMMUNICATIONS INC.




ON~BOARD TAPE RECORDER REQUIREMENTS OF TDAS USER S/C

Key requirements, as they apply to the On-Board Tape Racorders of a TDAS
user S/C are listed. Since each user S/C will have unique requirements
depending upon its mission, the requiresents are meant to he generally
representat‘in_a and not for any specific user S/C, In addition, these
requirements apply only to NASA users', DoD users are not included.,
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REQUIREMERTS OF TDAS USER S/C

STORAGE > 1012 BITS

RECORD RATE | ~ 300 mMBPs

REPRODUCE RATE ~ 300 mpps

WE1GHT/POWER BURDEN ~ HALF OF WHAT 1S POSSIBLE

WITH CURRENT TECHNOLOGY

STANFGRD
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KEY PARAMETERS AND INFLUENCING FACTORS

The chart 1ists the key parame. -.. of On-Board Tape Recorders in terms of
what can be achieved relative to requirements and the factors that influ-
ence these parameters and consequently the tape racorder capabilities.

Tape utilization efficienty is important for achieving high storage capa-
cities. Further, the storage capacity increases with tape width, number
of tracks and number of tarnsport units. In order to achieve high

(> 50 Mbps) record/reproduce speeds, in addition to nigh tape speeds,
appropriate recording codes to enhance throughput and error correcting
capabilities have to be used. To maintain a useahle bit error rate at

high speeds (which requires an increased number of data tracks and per-
track packing densities) an error correction scheme becomes & necessity.

At high speeds, tape-head characteristics (particularly the friction between

tape head and tape) become important. The weight/power characteristics
depend upon the number of transport units (TU) and electronics units (EU)
and the electronics technology employed.
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(,’7 KEY PARAMETERS AND INFLUENCING FACTORS
| PARAMETER INFLUENCING FACTORS
TAPE UTILIZATION INCREASES WITH?
EFFICIENCY: ® [INCREASE IN NUMBER OF DATA TRACKS

® REDUCTION IN TRACK WIDTH
® PER TRACK RECORDING DENSITY
@ ADDITION OF EFFICIENT ERROR CONTROL SYSTEM

STORAGE CAPACITY: INCREASES WITH:
® TAPE WIDTH
8 TAPE UTILIZATION EFFICIENCY
® NUMBER OF TRACKS
® NUMBER OF TRANSPORT UNITS

-
-
—
1
mna
1
—
o
(& 1]

RECORD/REPRODUCE DEPENDS ON:
SPEED: ® TAPE HEAD CHARACTERISTICS
6 RECORDING CODE
® ERROR CORRECTING CODE
@ TAPE SPEED

WE IGHT/POMWER DEPENDS ON:

# NUMBER OF TRANSPGRT UNITS

@ NUMBER OF ELECTRONICS UNITS

® FELECTRONICS TECHNOLOGY EMPLOYED

\;_ W N| STANFORD
Ll TELECOMMUNICATIONS INC.




CURRENT AND PROJECTED CAPABILITIES

The table depicts a representative profile of the charcteristics of the On-
Board Tape Recorders of the 1980's. A1l of the key characteristics are
adgprassed,

For i:ape recorders with record rates > 50 Mbps, development e'fforts are
required before such units e¢an become operational.
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CURRENT AND PROJECTED CAPABILITIES
TOTAL 1 RECORD | RECORD | TVAPE [REPRODUCE|REPRODUCE] BIT NHE
NUMBER | STORAGE | RATES | SPEEDS | LEWGTH | RATES | SPEEDS | ERROR | WEIGHT aetiike
] OBITS) | MBPS) | (IPS) (FT) (MBPS) | {1PS) RATE (L3S) (H)
1 1.7x109 } .066/ | 1710720 | 2100 | 1.3/2.6 | 20/up i0-6 20 8/9/10
: | .666/1.3 1/
2 | w109 | .006-8 | .73-128 | 2u00 JL006-8 | .73-120 | 1076 37 30
- . i0 (R e)
. =<1 33
< 3o w9 | 120 | .89 | 2100 2-20. | 9.6-96 | 106 30 ug o B
- : b o=
Ny i 1010 1-25 | 2.8-70 | 2400 | 2.5-35 | 5.6-70 | 106 43 &0 Qe
= - Bl o
~ 5 13.8x010 1-32 | 2.9-92 | gz 2-32 ¢ 5.6-89 | 106 105 65/85 =P
, - 1537173 £
6% | 7.5x1010] sp 75 9200 50 75 106 157 150 <@
7* | 7.5x1010 | 50-125 | 75-i88 | 9200 50-125 | 75-188 | 10-6 157 | 190-250
| ' 280-380)
8* [ 3.6x1021 | 85-300 - 3000 | 85-300 - 10-6 157 ~200
=300
o
NEED FURTHER DEVELOPMENT

STANFORD
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EXPECTED CAPABILITIES OF ON-BOARD TAPE RECORDERS
IN 1985-1990 TIME FRAME

Based upon the current state of art, on~going development activities and
engineering judgements, the expected capabilities of On-Board Tape Recor-

‘ders in the 1985-1990 time frame are listed. In assessing the expectad

capabilities, it has been assumed that adequate levels of development

activities will be maintained, which will include a Record/Reproduce rate

objective of up %o 1 Gbps.
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EXPECTED CAPABILITIES OF

ON-BOARD TAPE RECORBERS IN 1985-1990 TIME FRAME

RS U S nos I s SRS smees S uet | !
STORAGE

- RECORD RATE

T

(%)

I

=

@ REPRODUCE RATE

U

WEIGHT/POWER BURDEN

STANFORD

1012 - 1013 pyys
0.3 - 1 eBrs
0.3 - 1 eBPs

POTENTIALLY HALF OF WHAT IS
CURRENTLY REQD FOR SAME
PERFORMANCE TODAY

TELECOMMUNICATIONS INC.
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TECHNOLOGY ISSUES AND R&D NEEDED

The chart presents technology issues and associated R&D needed to resolve

these issues as they pertain to On-Board Tape recorders in the 1985.1990
time frame. .

The key technology issues are:

. Storage
’ Spead.

A reduction in track width causes the storage capacity to increass, for

which a price in terms of precise servo controlled tracking has to be paid.

As the record/reproduce speed increases above approximataly 15 Mbps, the
tachnology issues that arise are:

¢ Increase in tape transport speed
. Need for a fast-response Electronics Unit
] Increase in

- Channel related electronics
- Power consumption

- Cost

- Compiexity.

At extremely high speeds (=1 Gbps), the recording head design has to be
changed.

R&D efforts needed to ‘esolva the technology issues are identifiad.
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TECHNOLOGY ISSUES AND R&D NEEDED

COMPONENT TECHNOLOGY JISSUES R&D NEEDED

ON-BOARD STORAGE: HIGHER GAINS IN STORAGE DESIGN AND DEVELOPMENT

TAPE RECORDER CAPACITY ACCRUE FROM REDUCED TRACK OF PRECISION SERVO CON-
WIDTHS THAN INCREASED PACKING DENSI- TROLLED TRACKERS |

TIES. THIS REQUIRES PRECISE SERVO
CONTROLLED TRACKING,

SPEED: AS THE SPEED INCREASES ABOVE
» 15 MBPS FOLLOWING ISSUES ARISE:

E ® TAPE TRANSPORT SPEED HAS TO BE TRANSPORT UNIT (TU) DESIGN
Oy INCREASED IN DIRECT PROPORTION IMPROVEMENT TO ACCOMODATE
= TO DATA RATE INCREASED SPEED
® ELECTRONICS UNIT (EU) OF TAPE HISH SPEED FU MUST BE
RECORDER SHOULD HAVE FAST DESIGNED AND DEVELOPED
RESPONSE TO HANDLE INCREASED
DATA RATE

\ =% STANFORD
\ LI TELECOMMUNICATIONS INC, -
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TECHNOLOGY ISSUES AND ReD NEEDED

{CONTINUED)

COMPONENT TECHNOLOGY ISSUES

ON-BOARD _ ® INCREASE IN SPEED IS ACCOM-
" TAPE RECORDER - PANIED BY INCREASE IN

~ CHANNEL RELATED ELEC-
TRONICS

-  POWER CONSUMPTiON

- €OST

- COMPLEXITY :(LOSS OF
RELIABILITY)

® EXTREMELY HIGH SPEED (» 1 GPS)
TAPE RECORDERS REQUIRE A COM-
BINATION OF ROTARY HEADS AND
MULTITRACK RECORDING WITH
ASSOCIATED LIFE EXPECTANCY
'PROBLEMS

STANFORD
TELECOMMURNICATIONS INC.

R&D NEEDED

DESIGN AND DEVELOPMENT

OF EU USING LOW POWER
CONSUMPTION, MINIATURIZED
& HIGHLY RELIABLE COMPO-
NENTS

DEVELOPMENT OF NON-CONTACT
HEAD/TAPE INTERFACE TO
ELIMINATE WEAR RELATED
PROBLEMS




ON~BOARD TAPE RECORDER UNIQUE R&D NEEDED

Comparing the R&D effots needed te resolve each identified technoiogy issue
with undergoing design improvements and developments, the On-Board Tape
Recordar unique R&D needed is identified. It has been assumed that the
primary goal of these R8D efforts will be to achieve units with 300 Mbps
record/reproduce rates, with a Ffuture goal of these activities being to
achieve 1 Gbps rates.
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ON-BOARD TAPE RECORDER UNIQUE R&D NEFDED

L DESIGN AND DEVELOPMENT OF PRECISION SERVO CONTROLLED TRACKERS TO
ALLOW THE USE OF NARROR TAPE TRACKS

@ . DEVELOP TAPE TRANSPORT UNIT WHICH CAN OPERATE AT SPEEDS HIGH ENOUGH
TO HANDLE * 0.3 GBPS RECORD/REPRODUCE RATES (WITH FUTURE POTENTIAL To 1 GBPS)

] DESIGN AND DEVELOPMENT OF ELECTROMICS UNIT WITH FOLLOWING CAPABILITIES

= = 0.3 6BPS RECORD/REPRODUCE RATES (WITH FUTURE POTENTIAL TO 1 GBPS)
~ MINIATURIZED DESIGN

= LOW POWER CONSUMPTION
— HIGH RELIABILITY

e DEVELOPMENT OF NON-CONTACT HEAD-TAPE INTERFACE FOR HIGH SPEED APPLICAT}ONS

STANFORD | E _
TELECOMMUNICATIONS INC. - : o




CONCLUSTONS

It is concluded that with adequate levels of unique R&D activities, the

Tistad storage, speed and weight/power capabilities can be achieved by
1990. ' ' '
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CONCLUSIONS

WITH ADEQUATE R&D THE FOLLOWING CAN BE ACHIEVED BY 1990

11 ' : = EXTREMELY HIGH sToraGe (> 10l2 BITS)
- EXTREMELY HIGH RECORDING SPEE] (» 1 6ps)
" FEXTREMELY HIGH REPRODUCE RATES (~ 1 gps)

"~ ELECTRONICS UNIT CAN BE MINIATURIZED WITH
> 2:1 REDUCTYON 1N WEIGHT AND POWER,

\ mu) STANFORD
L l TELECOMMUNICATIONS ING.
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TDAS USER S/C ATTITUDE CONTROL SYSTEM TECHNOLOGY 2[

The elements addressed in this section of the report are indicated. {

Lot
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STANFORD

TDAS USER S/C AVTITUDE CONTROL SYSTEM TECHNOLOGY

USER S/C ATTITUDE CONTROL SYSTEM (ACS) TASKS
TYPICAL ATTITUDE CONTROL SYSTEM MANEUVERS

TYPICAL PERFORMANCE REGQMTS OF THE ACS OF A TDAS USER 5/C

FUNCTIONAL BLOCK ﬁIAGRAM OF USER S/C ACS

KEY COMPONENTS OF USER S/C ACS
CHARACTERISTICS OF REPRESENTATIVE HARDWARE COMPONENTS
TECHNOLOGY ISSUES AND R&D NEEDS

TDAS USER S/C UNIQUE ACS R&D

EXPECTED PERFORMANCE CAPABILITIES OF Acs oF 1990's

. CONCLUSIONS

v tL A} PR mr———— AT S s e T T

I TELECOMMUNICATIONS INC.




USER S/C ATTITUDE CONTROL SYSTEM TASKS

The user S/C Attitude Control System is requried to perform a numker of
tasks as indicated. These are intended to determine and control the
orientation and stabilization of the user S/C. These functions are to

be provided during various operational modes which are listed on the chart.
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USER S/C ATTITUDE CONTROL SYSTEM TASKS

@ TO PROVIDE:

ATTITUDE DETERMINATION |
ORIENTATION (IN GEOCENTRIC OR INERTIAL REFERENCE SYSTEM)
STABILIZATION OF THE s/c '

» DURING FOLLOWING OPERATIONAL MODES:

—

MmN STANFORD

ORBIT TRANSFER
ORBIT ADJUSTMENT

SLEWING

NORMAL OPERATIONS

MISSION UNIQUE OPERATIONS

CALIBRATION OF INERTIAL REFERENCE UNIT
INERTIAL HOLD

SAFE HOLD

Ll TELECOMMUNICATIONS INC.




TYPICAL ATTITUDE CONTROL SYSTEM MANEUVERS

Typical maneuvers which a user 3/C bias momentum attitude contro] System
has to perform and the purpose of each is stated on this chart.
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(,’f _ TYPICAL ATTITUDE CONTROL SYSTEN MANEUVERS
MANEUVER | PURPOSE
H ® POST SEPARATION & GYROSCOPIC STABILITY AND SLOW
- BODY SCAN
® ATTITUDE REGRIENTATION - ® PREPARATION FOR ORBIT INJECTION
® SPIN UP | ® SAME
’ ® SPIN DOwN @ ADJUST S/C MOMEMTUM FOR ON-ORBIT
- REQUIREMENTS
§ ATTITUDE REORIENTATION """ ® ORIENT PITCH AXIS NORMAL TO ORBIT
® MOMENTUM BIAS ADJUSTMENT ® COMPENSATION OF SOLAR DISTURBANCE
' TORQUES
® CLOSE LOOP ROLL ® MAINTAIN ROLL/YAW ATTITUDE
® ORBIT ADJUSTMENT ® HMAINTAIN ATTITUDE IN THE PRESENCE -
' OF DISTURBANCES
® MOMENTUM ADJUSTMENT ® MAINTAIN BIAS MOMENTUM APPROXIMATELY
' CONSTANT

J

| @ ™= &) STANFORD
\ S L l TELECOMMUNICATIONS INC.



TYPICAL PERFORMANCE REQUIREMENTS OF THE
ATTITUDE CONTROL SYSTEM OF A TDAS USER S/C

The performance requirements of the attitude control system of a user S/C
are depandent upon

s User S/C mission

] Operational and Communication interface requirements at the
user S/C - TDAS S/C interface.

This necessitates that the performance requireménts must be uniquely defined
Tor each user $/C and mission. The 1isted requirements are representative
of a fast maneuvering and tightly stabilizad spacecraft and are not intended
for any particulak user 5/C and/or mission.
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TYPICAL PERFORMANCE REQUIREMENTS OF THE ATTITUBE
CONTROL SYSTEM GF A TDAS USER S/C

@ MANEUVERING CAPABILITY

® POINTING AcCURACY (RMs) (DEG)
8 POINTING STABILITY (DEG/SEC)

POINTING STABILITY ATTITUDE JITTER (DEG)
(RELATIVE TO POINTING STABILITY AS BASE-
~ LINE OVER < 30 MIN.)

SLEW RATE (DEG/SEC)

® SLEW RATE STABILITY (30 DAYS)

- .

" WEIGHT

& POWER

MUST POSSESS ENTIRE CAPARILITIES
AS DICTATED BY THE MISSION

+ 1073 - 102
+ 10~/ - 10-6

+2x 1074 -+ 2 x 1073
0:2—2
0.005¢ - 0.01%

< 40 LBs

<15 w

q = ¥} STANFORD
Ll TELECOMMUNICATIGNS INC.




FUNCTIONAL BLOCK DIAGRAM OF USER 5/C
ATTITUDE CONTROL SYSTEM

The functional block diagram of a representative user 5/C Attitude Control
System (ACS) and it‘s interfaces with key components of the user S/C

are shown, The interface electronics is the interface between the attitude
Sensors, the Inertial Reference Unit (IRU) and the actuator electromics,
The Rewote Interface Unit (RTU) represents the interface between the
On-Board Computey (0BC) and the ACS. The OBC generates actuator Signals
for the user S/C ACS using Sensor data. The data from the 0BC is transfarred
back and forth via a data bus through the RIU. The actuator Signals

from the 0BC are submitied through the RIU to the wheel drive and propul-
sion electronics unit where necessary and required drive signals are
generated for gimbal torquers, reaction wheels and/or thrusters,

VII-2-128
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FUNCTIONAL BLOCK DIAGRAM OF USER S/C

ATTITUDE CONTROL SYSTEM

ALITYND ¥00d 40
51 30Yd TYNIDIIO

BUS \'
oac
SENSOR SIGNALS ] ACTUATOR SIGHALS
8 - >
s.tz.u ORS : > Ry GIMBAL
> ™ TORQUERS
INTERFAGE T I WHEEL DRIVE _
ELECTRONIGS : AlD
PROPULSION GCOMMANDS
iy > ELECTRONICS
. | fEachion
BACK Up WHEELS
EXPT INSTT A0S
PAYLOAD /
SENSOR
> PROPULSION MOBULE
P/L SENSOR WWEEL DRIVE
WHEEL TAGHOMETER SIGNALS
THRUSTERS
- - L]
STANFORD

TELECOMMUNICATIONS INC.




FUNCTIONAL BLOCK DIAGRAM OF USER S§/C
ATTITUDE CONTROL SYSTEM (cont'd)

In addition to the usua) ACS attitude Sensors, experiment-unique insirument
payload Sensors may be used as dictated by the missjon. The output

of this Sensor is also fed to the wheel drive and propulsion elactronics
unit to null pointing errors.

Operational modes of the user S/C are controlled by the 0BC. The 0BC
provides the flexibility of utilizing the ACS for various mission applica-
tions. The object of the "Back up" ACS is to provide a "Safe Hold"

mode. In case of OBC failure, this controller will orjent the S/C to

a "Safe" mode of operation.

y11-2-130

g

5 ius}

Ly
R

£

=3

Bits
Ry T

]

PRI
[

7



KEY COMPONENTS OF USER S/C ATTITUDE
CONTROL SYSTEM

While the preceding chart depected the functional hlock diagram of a
representative user S/C Attitude Control System, the key components
contained therein and the function of each is described in the three
accompanying charts.

PRECEDING PAGE BLANK NOT FILMED
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KEY COMPONENTS OF USER S/C ATTITUDE CONTROL SYSTEM - _ ‘\\lg
CQMPONENT FUNCTION

'@ SENSORS

® IF ELECTRONICS

8 PBACKUP ATTITUDE CONTROL

SYSTEM

STANFORD -
TELECOMMUNICATIONS INC,

TO SENSE THE ATTITUDE OF USER S/C FOR SUBSEQUENT
CONTROL OF ITS ATTITUDE. INITIAL ACQUISITION IS
AIDED BY COARSE SUN SENSOR AND MAGNETOMETERS.
SUBSEQUENTLY, PRINCIPAL ATTITUDE SENSOR IS INER-
TIAL REFERENCE URIT (IRU) WHICH IS UPDATED BY

STAR SENSOR AND FINE SUN SENSOR. A MISSION UNIQUE
FINE ERROR SENSOR CAN BE USED. IN MANY WAYS TO
IMPROVE ATTITUDE CONTROL SYSTEM PERFORMANCE.

PROVIDES INTERFACE BETWEEN SENSORS AND:

= REMOTE INTERFACE UNIT (RIU)
= BACKUP ANALOG ATTITUDE CONTROL SYSTEM

THIS UNIT, WHEN IMPLEMENTED, PROVIDES A BACKUP

CAPABILITY IN CASE OF ON-BOARD COMPUTER FAILURE

AND BRINGS USER S/C IN “SAFE” MODE OF OPERATION.

BY COMMAND, THE “SAFE" MODE CAN BE TRANSFORMED

INTO A MODE WHICH IS CAPABLE OF MEETING SHUTTLE
'CONTROL. REQUIREMENTS.,

y




KEY COMPONENTS OF USER S/C ATTITUDE CONTROL SYSTEM (CONTINUED)

COMPONENT FUNCTION

‘@ REMOTE INTERFACE UNIT (RIU) ® TELEMETRY DATA 1S ACQUIRED REMOTELY BY
' COMMUNICATION AND DATA HANDLING MODULE
BY MEANS OF RIU. IT CAN ACCEPT ANALOG,

SERIAL DIGITAL OR BI-LEVEL SIGNALS IN

ADDITION TO CONDITIONING SIGNALS FROM

PASSIVE TRANSDUCERS

® SUPPORT PROVIDED BY OBC TO ACS INCLUDES:

® ON-BOARD COMPUTER (ORC)
| | - MODE CONTROL

~ SENSOR DATA PROCESSING
— GENERATION OF REACTION CONTROL
COMMANDS
0BC MAKES S/C HIGHLY VERSATILE SO THAT A
SINGLE ACS DESIGN CONCEPT CAN BE ADAPTED
TO A VARIETY GF MISSIONS WITH DIFFERENT
POINTING, STABILIZATION AND SLEWING

REQUIREMENTS.

/

CEINDI JON INVIE movy ontammy O

, ®| STANFORD
I TELECOMMUNICATIONS INC.
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KEY COMPONENTS OF USER S/C ATTITUDE CONTROL SYSTEM (CONTINUED}

COMPONENT

8 REACTION WHEEL

® DRIVE ELECTRONICS
8 TORQUERS

i ® PROPULSION ELECTRONICS

. NUTATION DAMPER

@ GYROS

FUNCTION

TO ACHIEVE GYROSCOPIC STIFFNESS/STABILITY AND
TO ENABLE MOMENTUM SINK FOR ATTITUDE CONTROL

TO GENERATE NECESSARY STIMULI FOR DRIVING
WHEELS AND TORQUERS

COMPENSATE SOLAR TORGQUES,ETC.

TO GENERATE NECESSARY SIGNALS FOR

— ORBIT ADJUSTMENT
= ORBIT REORIENTATION
-~ SPIN AND MOMENTUM ADJUSTMENT

TO ATTENUATE NUTATION

TO SENSE ATTITUDE RATES AND INTEGRATED ATTITUDE
RATES FOR CONTROLLING ATTITUDE

g\ § == 8| STANFORD | |
Ll TELEGOMMURNICATIONS INC. -
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CHARACTERISTICS OF REPRESENTATIVE
HARDWARE COMPONENTS ]

Representative hardware components of user 3/C ACS and their characteristics
are Tisted on the next five charts. The characteristics are representative
of currest State of the art capabilities.
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CHARACTERISTICS OF REPRESENTATIVE HARDWARE COMPONENTS

JYYPES AND KEY CHARACTERISTICS

SUN_SENSOR FINE SUN SENSOR HORLZOH SEHSOR

® PROVIDES ORIENTATION OF @ PROVEDES ORIENTATION OF @ DESIGHED TO LOCATE THE

SUH VECTOR IN BOnY SUN VECTOR WITH HiGH EARTH'S HORIZON AND
COORDIHATES . _ ACCURALY PROVIDE ORIENTATION OF
: _ 5/C WITH RESPECT TO
8 FIELD OF VIEW (Fov) ® FOV JYPICALLY RANGES EARTII
RANGES FHROM SEVERAL FROM + 2 DEG TO 1 32
SQUARE ARC-HINUTES T0O DEG : ® FOV §5 TYPICALLY INM
= 128 x 128 pec : THE RANGE OF 2 x 2
: : ® RESOLUTIDNS LESS TUAN DEB
# RESOLUTION RANGING FROM 1/8 pEG-70-0.1 ARC sEC
SEVERAL DEGREES ¥0 LESS CAN BE ACHIEVED

THAN 1-Astc-sec

STANFORD _
TELECOMMUNICATIONS INC.

HAGNETOMETER

¢ THEY ARE YFCTOR SEN-
50RS (PROYIDE BoOTH
THE BIRECTION AND
MAGKITUDE OF MAG-
NETIC FIELD)

8 ACCURACY IS POOR;
HOMIHALLY £ 10 aRc
MINUTES

STAR _SENSOR

® MEASURE STAR COORDI-
NATES IN S/C FRAME
AND PROVIDE ATTITUDE
INFORMATION WHEN THESE
TOORIMNATES ARE COM-
PARED HITi KHOWN STAR
DIRECTIONS OBTAINED
FROW A STAR £ATALOG

® HIGHLY ACCURATE ~ % 1

ARC SEC

® FOV LIES N THE RANGE

1 x 1 vec-10-10 x 10
IEG

e M TS o e e
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- CHARACTERISTICS OF REPRESENTATIVE HARDWARE COMPONENTS (CONTINUED)

SUN~SENSORS

FIELD OF VIEW (DEG)

ACCURACY (DEG) WEIGHT (LB)

¥

180 pEe FaN 0.5 1.3
6 DEG FAN 0.1 1.4
128 x 128 0.5 2.5
128 x 128 0.25 | 1.25
64 x 64 0.1 - 3.1
b4 x 64 0.02 1.8
30 pEG CcoN 1 0.12
HEMISPHERIC 2 0.2

NoTE: (1) POWER IS ZERO BECAUSE SENSOR DOES NOT INCLUDE ELECTRONICS.

SIS LON MNWIg J9Vd DNIgIOTMd

STANFORD

POWER (W)

0.3
0.4
0.6
0.1
0.6

1.8
0 (1)

g (1)

[ :
l TELECOMMUNICATIONS INC.
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CHARACTERISTICS OF REPRESENTATIVE HARDWARE COMPONENTS (CONTINUED)

HORIZON SENSORS .

FIELD OF VIEW (DEeG)

X 2
2x2
2x2

™~

RANGE (DEG)

MAGNETIC INDUCTION MAGNETOMETER

MAGNETIC FIELD RANGE

(wEBER/MZ x 109)

32

+ 128
+ 200
+ 320
+ 600
+ 3200

WM M| STANFORD
Ll TELECOMMUGRICATIONS INC.

NUMBER
OF AXES

WWOW W W W W

b I+
(= B
o o

ACCURACY
ARC—MIN
+ 15
+ 15
+ 15
* b
t+ 15
+ 6

WEIGHT (LB)

15
15
8

WETGHT (LB)
- {SENSOR/
SENSOR ELECTRONICS)

8/2
8/2
.5/2
1/2
1/0.6
1/2

N

POWER {W)

5.4
5'“
2.3

PoWER (W)

8.5
0.5
0.5
0.7
1.2
0.7

e T r——— - "
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CHARACTERISTICS OF REPRESENTATIVE HARDWARE COMPONENTS (CONTINUED)

STAR SENSORS
DETECTOR USED FiELD OF VIEW (DEGJ) ACCURACY (ARC-SEC)
PHOTO MULTIPLIER 0.03 cone )
PHOTO MULTIPLIER 8 x8 + 10
PHOTO MULTIPLIER 10 x 10 + 60
PHOTO MULTIPLIER i1x1 + 1.5
PHOTO ELECTRON
2x?2 +1,5
COUNTER
| 1
STANFORD ¥
TELECOMMUNICATIONS INC. . V4
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'CHARACTERISTICS OF REPRESENTATIVE HARDWARE COMPONENTS

(CONTINUED)
RATE INTEGRATING GYRO
INPUT ANGULAR SPEED RANGE RANDOM DRIET ANGULAR MOMENTUM WE IGHT POWER
: (DEG/SEC) (DEG/HR) (M cMZ/SEC) (LB) (W)
= ] .
% £ 5.6 0.003 185,000 1.7 17
< |
g + 9.5 0.006 130,000 1.7 16
% | |
=
w
5
&
2
Q
[
%
| \ wes m| STA%FORD
o SLI TELECOMMUNICATIONS INC.
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TECHNOLOGY ISSUES AND R&D NEEDED

Technology issues which resulted from the user S/C ACS technology assessment
effort are Tisted in this chart along with R&D neaded to resolve these
jssues. Identification of the technology issues and R&D needed is broken
down on the basis of following components of the Attitude Control System:

Sensors
IF Electronics

~ Drive and Propulsion Electronics Assembly
Gyros

On-Board Computer

The technology issues for the user S/C Attitude Control System are related
to accuracy, perturbations and jitter of the S/C attitude and the ACS
weight and power burden on the user S/C.

The attitude accuracy degrades due to Sensor errors because Sensor inaccur-
acies are directly reflected in attitude errors. Regarding the IF elec-
tronics assembly, its delay and amplitude versus frequency transmission
characteristics are far from ideal. The actual transmission characteristics
are non-uniform with respect fo frequency. Thesa non-uniformities distort
the signal which in turn impairs the S/C attituds.
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TECHNOLOGY ISSUES AND ReD NEFDS \\i

COMPONENT TECHNOILOGY ISSUES RED NEEDED H
® ATTITUDE ACCURACY DEGRADE DUE THE ACCURACY OF PRECISION

@ SENSORS

® IF ELECTRONICS

® DRIVE AND PROPULSION
ELECTRONICS ASSEMBLY

STANFORD

(]

TO SENSOR ERRORS

THE AMPLITUDE AND DELAY VERSUS
FREGUENCY NONUNIFORMITIES OF
THE INTERFACE CAUSE THE SIGNAL
IMPAIRMENTS TO PROPAGATE ALL
THE WAY THROUGH TG ATTITUDE
IMPAIRMENTS

“AVE HIGH WEIGHT/POWER BURDEN

DRIVE/PROPULSION ELECTRCNIC
SIGNAL IMPAIRMENTS DEGRADE
ATTITUDE CONTROL SYSTEM
ACCURACY

COMPONENT - PARAMETER INSTA—
BILITIES CAUSE ATTITUDE
JITTER '

SENSORS SHOULD BE ENHANCED
BY. AT LEAST AN ORDER OF
MAGNITUDE

ATTITUDE IMPAIRMENTS MUST BE
REDUCED TO MAINTAIN ATTITUDE
ACCURACIES. IF ELECTRONICS
SUBSYSTEM WITH NEARLY UNIFORM
AMP. AND DELAY VS FREQ. CHAR-
ACTERISTICS MUST BE DEVELOPED.

LOW CONSUMPTION, MMIC TECH-
NOLOGY BASED BRIVE/FROPULSION
ELECTRONICS ASSEMBLIES MUST
BE DEVELOPED

SYSTEMS RESFARCH STUDY MUST

BE CONDUCTED TO IDENTIFY THE
CAUSES OF SIGNAL IMPAIRMENTS,
INSTABILITIES AND NOISE AND
MOST PROMISING SOLUTION PRAC-
TICALLY IMPLEMENTED AND ASSEM-
BLY PERFORMANCE DEMONSTRATED

)

TELECOMMUNICATIONS INC.




TECHNOLOGY ISSUES AND R&D NEEDED (CONTINUED)

The Drive and Propulsion Electronics Assembly (DPEA) also distorts the
Signals which it handles, and thase impairments degrade ACS accuracy. In
addition, the instability (variations) of the parameter values of the com-
ponents used to implement DPEA causes the transfer gain to vary which in
turn causes the user S/C attitude to Jitter. Concerning the impact of
gyros on attitude accuracy, the contributing factors are gyro precision,
gyro drift and bearing wear. o

The DPEA is a major contributor to the ACS weight/power burdens: this is
due mainly to the use of heavy and high power consuming electronic compo-
nents in its implementation.

For each component and every technology issue associated with it, the R&D
needed to resolve these issues is defined. The On-Board Computer plays a
key part in the operation of most user S/C ACS, but this component is not
addressed here becausa it is discussed as a separate Subsystam in this
report,
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ATTITUDES MUST BE. STUDIED
AND DEMONSTRATED BY SIMULA-
TION

f,’—— . TECHNOLOGY ISSUES AND R&D NEFDS (CONTINUED) _‘\\\
COMPONENT TECHNOLOGY ISSUES RED NEEDED
® GYROS @ ATTITUDE ACCURACY DEGRADES 8 LOW DRIFT GYROS MUST BE
DUE TO DEVELOPED
= INSUFFICIENT GYRO PRECI~
SION ® OPTIMAL ESTIMATION SCHEMES
USED FOR ATTITUDE ESTIMA-
- GYRO DRIFT TION MUST INCLUDE PERFORMING
GYRO BRIFT ESTIMATES.
= BEARING WEAR
-8 KALMAN ESTIMATION SCHEMES
=S WHICH ESTIMATE GYRO DRIFT
1 AND MAKE USE OF THIS ESTI-
£ MATE TO ACHIEVE PRECISE

@ MECHANISM OF NONUNIFORM
BEARING WEAR MUST BE BETTER
UNDERSTOOD AND CORRECTED.

] GN“BDARD'COMPUTER "® DISCUSSED SEPARATELY ® DISCUSSED SEPARATELY

STANFORD E | _‘//'
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TDAS USER S/C ATTITUDE CONTROL SYSTEM R&D

Comparing the R&D needed to resolve the ACS technology issues with on

going development activities, the additional user S/C ACS unique R&D
is identified.
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TDAS USER S/C UNIQUE ATTITUDE CONTROL SYSTEM R&D

¢ CONDUCT R&D TO

i ' ~ ENHANCE PRECISION ATTITUDE SENSOR ACCURACY

~ IMPROVE TRANSMISSION CHARACTERISTICS OF INTERFACE
ELECTRONICS ASSEMBLY

~ DESIGN AND DEVELOP MMIC TECHNOLOGY BASED LRIVE/
- PROPULSION AND INTERFACE ELECTRONICS ASSEMBLIES

~ [ENHANCE GYRO' PRECISION AND UNIFORMITY OF BEARING
HWEAR

~ STUDY KALMAN ESTIMATION SCHEMES TO SIMULTANEOUSLY
ESTIMATE GYRO DRIFT AND ATTITUDE WITH POTENTIAL
FOR TINCREASED ATTITUDE CONTROL SYSTEM ACCURACY

\ = W) STANFORD
- L TELECOMMUNICATIONS INC.
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EXPECTED PERFORMANCE CAPABILITIES OF )
ATTITUDE CONTROL SYSTEMS BY 1990
Bases upon the assumption that user S/C ACS unique R&D is continued
: ;!
and maintained at an adequate lavel, tha representative performance i
capability indicated can be expected to be achieved by 1990,
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EXPECTED_PERFORMANCE CAPABILITIES OF ATTITUDE

CONTRGE. SYSTEMS BY 1990

® MANEUVERING CAPABILITY ENTIRE MISSION DICTATED
CAPABILITIES ACCOMMODATED

e PO.INTING.ACCUR_ACY (rRMs) (DEG) * 0.5 x 103

® POINTING STABILITY (DEG/SEC) + 10~/

< _ )
~ _® POINTING STABILITY ATTITUDE JITTER (DEG)
E (RELATIVE ToO POINTING STABILITY AS BASE- * 10‘1I
& LINE OVER < 30 MIN)
®  SLEW RATE (DEG/SEC) ' 2
@ SLEW RATE STABILITY (30 pays) 0.002%
® WEIGHT _ < 35 LBs
@ POWER <10 w

\ M M| STANFORD |
Ll TELECOMMUNICATIONS ING.




CONCLUSIONS

Based upon the technology assessment effort performed, the listed conclusions
are obtained,
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CONCLUSTONS

o WITH RECOMMENDED RED ATTITUDE CONTROL SYSTEM
ACCURACY REQUIREMENTS OF TDAS USER S/C CAN
BE MET

» "POINTING ACCURACY AND STABILITY OF ATTITUDE
CONTROL SYSTEM DEPENDS UPON MISSION UNIQUE
"FACTORS

LST-2-T1A

¢ AUGHENTIHG THE ATTITUDE CONTROL SYSTEM WITH
EXPERIMENT UNIQUE PAYLOAD ATTITUDE SENSOR
ENHANCES POINTING ACCURACY AND STABILITY

¢ ADDITION OF EXPERIMENT UNIQUE PAYLOAD ATTITUDE
‘SENSCRS WILL BE REQUIRED ESPECIALLY FOR MISSIONS
HWITH STRINGENT REQUIREMENTS

1

\ B| STANFORD
3 . I TELECOMMUNICATIONS INC.
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ON-BOARD COMPUTERS TECHNOLOGY

The various elements of this saction of the report are listed,

VII-2-160

PE——

]

I

[
P,

,&-...,
|

I3 j\'-:i .:

=4

e

——ry
a3
w8

=3

J e

£

it



.[;“.;..‘_..“? !i"“”:_'.j = ‘1 = & Y P o] ) e

s

ON-BOARD COMPUTERS TECHNOLOGY

®  ON-BOARD COMPUTER (oBC) TASKS

. OBC AND S/C INTERFACES

) REQUIREMENTS OF TDAS USER s/c

| | | ®  ON-BOARD COMPUTERS OF THE 1980°s

OBC TECHNOLOGY ISSUES AND RE&ir NEEDED

19T~2-IIA
®

8 ADDITIONAL USER S/C OBC UNIQUE R&D

®  EXPECTED CHARACTERISTICS OF ON—BOARD
COMPUTER OF THE 1990's

s CONCLUSIONS

~l

\ | STANFORD
' i TELECOMMUNICATIONS. INC.




ON~BOARD COMPUTER. TASKS

On-Board Computar for user. 5/C are required to perform a number of tasks.
These tasks are listed, and a brief description of each task is provided,
With time, the Spacecratt designers and configuration managers are increas-~
ingly relying on On-board Computers and associated data systems to make

Spacecratt more flexible in their operational capabilities and more autono-
mous,
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ON-BOARD COMPUTER TASKS

TASK BRIEF DESCRIPTION

ATTITUDE DETERMINATION THE ATTITUDE OF USER S/C IN SPACE MUST BE

AND CONTROL MAINTAINER. THIS IS PERFORMED BY ATTITUDE
CONTROL SYSTEM (ACS) BY FIRST DETERMINING :
USER S/C ATTITUDE WITH ON-BOARD COMPUTER .
(OBC) USING ATTITUDE SENSOR DATA. USING
APPROPRIATE ALGORITHMS OBC MAKES ATTITUDE
DETERMINATION CALCULATIONS AND DETERMINES
HOW THE 5/C SHOULD BE ALIGNED AND ISSUES
REQUISITE COMMANDS THAT ENABLE JETS, MAG—
NETIC THRUSTERS OR REACTION WHEELS TO BRING
$/C TO DESIRED ATTITUDE.

COMMAND STORAGE: STORES €OMMANDS ALONG WITH THEIR EXECUTION

' TIMES FOR LATER EXECUTION (TIME TAGGER COM-
MANDS), '

HOUSEKEEPING: INVOLVES MONITORING AND CONTROLLING VARIOUS

ELEMENTS WHICH DETERMIRE [HE HEALTH OF s/c.

EXECUTIVE: A FUNCTION TO SEQUENCE ALL TASKS AND INPUT/
OUTPUT OPERATIONS. A REAL-TIME, MULTITASKING,
INTERRUPT DRIVEN EXECUTIVE IS USED FOR THE
PURPGSE.

STANFORD 4//
TELECOMMUNICATIONS INC.




ON-BOARD COMPUTER_TASKS {CONTINUED)

On-Board computers for user S/C are required to perform a number of tasks.
These tasks are Tisted, and a brief description of each task is provided.
With time, the spacecraft designers and configuration managers are increas-
ingly relying on OnéBoard Computers and associated data systems to make

Spatecraft more flexible in their operational capabilities and more autono-
maus.

VIiI-2-164

S
Wl

e

ey

oy
L

|

& z}
ey

3

=4




';h;"'i’;%} S e S v S s B s S s

G91-2-11A

R T SN S

ON-BOARD COMPUTER TASKS (CONTINUED)

TASK

DATA FORMATTING:

- INSTRUMENT SEQUENCING
~ AND CONTROL:

ANTENNA POINTING AND
~CONTROL

BRYEF DESCRIPTION

CONTROLS THE SAMPLING AND FORMATTING OF THE
ON~BOARD TELEMETRY POINTYS

OBC ACCOMPLISHES THIS BY:

MONITORING ON-BOARD INSTRUMENTS

CONTROLLING INSTRUMENTS DIRECTLY OR B?
SUPPGRTING THEIR HICROPRUCESSORS

DATA STORAGE MANAGEMENT

RECORDING DATA WHEN TDAS SATELLITE Is
NOT VISIBLE TO USER s/c :

DUMPING DATA WHEN TDAS SATELLITE IS VISIBLE
TO USER s/c,

USING NECESSARY TDAS SATELLITE AND USER s/c
EPHEMERIS DATA OBC COMPUTES FRoM POINTING
ALGORITHM CORRECTIVE TORQUES TQ BE IMPARTED
TO USER S/C ANTENNA GIMBALS SO THAT iT
REMAINS POINTED AT TDAS SATELLITE,

[ ==%) stanForp |
SLI TELECOMMUNICATIONS ING.




ON-BOARD COMPUTER AND S/C INTERFAGCES

The Tigure depicts the generic Ffunctional block diagram of a simplified
comnunications and data handling (C&DH) system of a user 5/C including the
On-Board Computer (OBC) and key interfaces. In this configuration, the 0BC
resides in the C&DH module which contains telemetry transmitters and command
recejvers for S/C operation, tape recorder for temporary,data storage, a $/C
clock to provide basic timing reference signals for the S/C, Standard Tele-
metry and Command Compgnents (STACC) and the multiplex data bus which 1inks
various components of the S/C via Rmote Interface Units (RIUs). The STAGC

Central Unit is the main interface between the S/C data bus and the following

elements:
¢ Telemetry Modulator
] Telemetry Transmitier
. Command. Modulator
° Command Transmitter
’ 0BC.

The multiplex data bus has both supervisory and reply lines. Each S/C com-
ponent 1s linked .to the data bus via a Remote Interface Unit (RIU). The

bus supervisory and reply lines are time division multiplexed. The former

carry command messages and addresses for interrogated telemetry.
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ON-BOARD COMPUTER AND S/C INTERFACES

—— DATA SOUACES : '
- MULTIFLEX UATA BUS :
| COMMAND STAcC CENTRAL -
TRAKSFONDER | DETECTOR . . . .
_ _ _ COMMAND f f f
L, . . i DECODER
‘ ) REMOTE LT i
: | FORMAT INTEAFACE NOL2 Romn
: GENERATOR UNIT %01
5
BUS CONTROL
8 INTERFACE
: SPACECRAFT 1
X - OCK
PRE-MOD ‘ SPACECAAFT
FROGESSOR COMPONERTS
1 )
| ¥
!f'""-- ] 3TACC "91‘ 3
{ TAPE INTERFAGE 20
! AEcoroErs |- UNIT STINT g

[ [

o8

O 5

ON-HOARD g e

COMPUTER (CBC) I ™~ %

35

L ) e S— — ———

ot s St S ey — . =

€ ™=5| STANFORD |
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REQUIREMENTS FOR TDAS USER S/C

The chart Tists the OBC requirements of TDAS user S/C. Sincs each user
S/C will have unigque requirements, depending upon its mission and the
various tasks assigned to the 0BC, these requirements are meant fo be
representative and not for any specific user S/C.
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REQUIREMENTS FOR TDAS USER S/C

PARAMETER

- WORD LENGTH (BITS)
MAX MEMORY SIZE

AVERAGE INSTRUCTION
SPEED (mSEC)

= ADD
~— MULTIPLY

'NUMBER OF INSTRUCTIONS
FEATURES

‘DOUBLE PRECISION
FLOATING POINT
MICROPROGRAMMABLE
OTHER

JFECHNOLOGY

MEMORY TECHNOLOGY
CPU TECHNOLOGY

PHYSICAL CHARACTERISTICS

"POWER (W)
WEIGHT (LB)

= ¥) STANFORD
Ll TELECOMMUNICATIONS INC.

EXPECTED VALUE

YES
YES
YES

ERROR DETECTION
ERROR CORRECTION
MEMORY PROTECTION

FAULT TOLERANT

CMOS, CMOS—VLSI
SCHOTTKY TTL

<4h0
< 50
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ON-RGARD COMPUTERS_OF THE 1980°S

The table depicts a representative profile of the characteristics of the

On-Board Computers of the 1980's. ATl of the key characteristics are
addressed,
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ON-BOARD COMPUTERS OF THE 1980'S
APPLIED
_ ENHANCED LIITON TELEDYNE CDC  § TECIHNOLOGY
DESIGNATION N55C-1 HS5C-11 NS5C-1 1516 E RAYTHEGH MECA-13 Ho9 {Aatac-1b ms
FARAMETERS
WORD LENGTH {(B175) 18 16/32 18 16/32 32 16 16/32 16/32
* MAX MEMORY SIZE - BUK 40k 96K Blix 96ic 6k 16K BlK
AVERAGE IHS§RUCT_IDH '
speep (usec) . _
- ADD 5 3.2 5 2.5 5.0 3 I 53
- - MULTIPLY 38 .7 38 20.4 11 12.6 10,4 5.4
'y NUMBER" OF .
N INSTRUCTIONS B5 108 55 70 95-178 88 iy 129
3 " FEATURES
H ———
DOUBLE PRECISION NO Ho O YES YES YES YES YES
FLOATING POINT NO YES NO YES YES YES " NO YES
HI1CROPROGRAMMARLE ND _ NO Ho YES NO YES NO YES
OTIER - 'MEMORY FAULT TOL. MEMORY ERROR DET. MEMORY ERROR DET,
: PROTECTION MEMORY PROTECTION | AND CORRECTION | PROTECTION | AND CORRECTION
i PROTECTION ERROR MEMORY Oq
CORRECTION | PROTECTION mna
o G}
FAULT L}
OVERRIDE 8 %
A
©
c =
E8
3z
STANFORD | J

TELECOMMURNICATIONS INC.




ON-BOARD COMPUTERS OF THE 1980'S (CONTINUED)

The table depicts a representative profile of the charactaristics of the

On-Board Computers of the 1980‘s. A1l of the key characteristics are
addressad. o ' '
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ON-BOARD COMPUTERS OF THE 1980°S (CONTINUED)
APPLIEDR
ENHANCED LI gon TELEDYNE CHC . JTECHNDLOGY
DESIGNATION NSSC-1 NSsC-1i NS5C-1 i516 € RAYTHEON HECA-II3 463 jaTAc-16 ms
TECHNOLOGY _ E .
MEMORY TECHNROLOGY CORE N HOS CORE SEMICONDUCTOR CHOS-1LS] LHOS CORE PLATED™ CHos
. OR BIPOLAR WIRE
CPU TECHNOLOGY ' TTL-LSI TTL TTL-LS1 SCHOTTRY CHOS~LS1 SCHDOTIKY PHOS SCIDTIKY
' BIPOLAR TTL TTL
PHYSICAL
CHARACTERISTICS
POHER (W) , 31 240 36 75 35 65 20 3n
WEIGHT (LE) | 17.4 29 - 12.5 59 3B 10 18
SPACE QUALIFIED YES RO HNOo YES | ND HD YES YES
oQg
-3
28
z
O
@&
o
S8
25
\ mm ®| STANFORD : /
_ LI TELECOMMURNICATIONS INC. '
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ON-BOARD COMPUTER TECHNOLOGY ISSUES AND R&D NEEDED

The chart presents technélogy issues and associated R&D efforts needed to
rasolve i:hese issues as thay pertain to the QOBC that may be required for
user 3/C in the TDAS era. The issues are basad on. the assumption that,
with time, 0BCs will be required to perform an increasing number of tasks
with increased precision and reliabiTity.
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(/’- ON-BOARD COMPUTER TECHNOLOGY ISSUES AND RRD NEEDED
TECHNOL OGY ISSUE R&D NEEDED

G/1-¢-I1A

COMPONENT

ON—BOARD COMPUTER

& COMPLEX MATHEMATICAL COMPUTATIONS
REQUIRE FLOATING POINT CAPABILITY

IN OBC

PROGRAMMING EFFICIENCY DEPENDS UPON @

PROGRAMMING LANGUAGE USED.

USE OF HIGHER ORDER LANSUAGES IS

MORE APPEALING THAN ASSEMBLY LAN-
BUT HIGHER ORDER. LANGUAGES
MAKE TESTING AND MAINTENANCE MORE

GUAGE.,

DIFFICULT

THE SOFTWARE OF ON—BOARD COMPUTERS

IS TESTED BY SIMULATING A LARGE
COMPUTER ON GROUND. OFTEN OBC

CRASHES BECAUSE OF AN OBSCURE SET
OF CONDITIONS NOT THOUGHT OF DURING

SIMULATION.

\\ wmE| STANFORD -
Ll TELECOMMUNICATIONS INC.

FOR PER-
FORMING COMPLEX COMPUTATIONS, THE

MOST DESIRABLE FLOATING POINT h
CAPABILITY 1S 24-BIT MANTISSA
AND 8-BIT EXPONENT WHICH RE-
QUIRES & 32-BIT WORD SIZE.
INVESTIGATE CANDIDATE TECH-
NIQUES TO IMPLEMENT THIS CAPA—
BILITY AND MAKE A CDMPARATIVE
EVALUATION TO IDENTIFY OPTIMUM
APPROACH.

RESEARCH TO IDENTIFY LANGUAGE
WHICH IS

~ EASIER TO DEBUG

- EASIER TO CHANGE

- COST EFFECTIVE

MEANS FOR DEBUGGING #MD
PATCHING THE SOFTWARE IN A
COMPUTER WHICH IS IN ORBIT
ARE HIGHLY DESIRABLE.

Y.
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ON-BOARD COMPUTER TECHNOLOGY ISSUES AND R&D NEEDED (CONTINUED)

The chart presents technology issues and associated R&D efforts needed to
resolve these issues as they pertain to the OBC that may be required for
user $/C in the TDAS era. The issues are based on the assumption that,

with time, 0BCs will be required to perform an increasing number of tasks

with increased precision and reliability.
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ON-BOARD COMPUTER TECHNOLOGY ISSUES AND R&D NEEDED (CONTINUED)

COMPONENT TECHNOLOGY ISSUE RE&D NEEDED
@ SINCE HARDWARE REPAIRS TO OBC CAN ® THE RELIABILITY OF SENSITIVE
NOT BE MADE WHILE USER S/C IS IN COMPONENTS MUST BE ENHANCED.
ORBIT, RELIABILITY AND SPACE QUALI- IN ADDITION, MORE STRICT RELIA-
FICATION ARE CRITICAL ISSUES BILITY DEMONSTRATION STAMDARDS
MUST BE PLACED ON .
~ COMPONENTS
— ASSEMBLIES
- MODULES
@ IT IS NECESSARY TO HAVE A 37-BIT ® A 32-BIT PROCESSOR SHOULD BE
PROCESSOR TO ENABLE MAKING COMPLEX DESIGNED, DEVELOPED AND DEMON-
MATHEMATICAL MANIPULATIONS STRATED FOR SPACE USE

\ i i ®) STANFORD )
| | TELECOMMUNICATIONS Ne. . -




ADDITONAL USER S/C ON~BOQARD COMPUTER UNIQUE R&D

Comparing the R&D efforts needed to resalve each ident‘ifiéd techology issue
with the improvements to designs and developments that are underway, the
user 5/C OBC unique R&D needs are enumerated.
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STANFORD

ADDITIONAL YSER S/C GN-BOARD COMPUTER UNIGUE ReD

CONDUCT RED NECESSARY TO:

DEVELOP 37-BIT FLOATING POINT PROCESSOR

= DEVELOP HIGHER ORDER PROGRAMMING LANGUAGE WHICH
IS EASILY DEBUGGED DOWN TO BEING ERRORLESS

= GENERATE IN ORBIT PATCH TECHNIQUE TO REMOVE
RESIDUAL DEBUGGING ERRORS

- ENHANCE.RELIABILITY TO GREATEW THAN FIVE YEAR
LIFE

=~ MAKE UNIT IMMUNE TO RADIATION INDUCED ERRORS,.

TELECOMMURNICATIONS INC.
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EXPECTED CHARACTERISTICS OF ON-BOARD COMPUTERS BY 1990

Based upon the curent 0BC capabilities, R&D efforts going on in the NASA
and industrial sectors and the use of engineering judgement, it is expected
that the 0BC characteristics 1isted on the chart can be achieved by 1990.
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EXPECTED CHARACTERISTICS OF ON-BOARD COMPUTERS BY 1990

- PARAMETER

WORK LENGTH (BITS)
MAX MEMORY SIZE

AVERAGE INSTRUCTIGON
SPEED (uSEC)

~ ADD
- MULTIPLY

 NUMBER OF INSTRUCTIONS

FEATURES

DOUBLE PRECISION

§ FLOATING POINT

@ MICROPROGRAMMERS

§_ OTHER
JTECHNOLOGY

MEMORY TECHNOLOGY
CPU TECHNOLOGY

PHYSICAL CHARACTERISTICS

POWER (w)
WEIGHT {(iB)

\\ "B u] STANFORD |
- I TELECOMMUNICATIONS INC.

I

EXPECTED VALUE

32
> 128 K

0.25
2.5

> 150

YES
YES
YES

ERROR DETECTION

ERROR CORRECTION

MEMORY PROTECTION
FAULT TOLERANT

CMOS, CMOS—VLSI
SCHOTTKY TTL -

<20
<25




CONCLUSIONS

The conclusions that are arrived at as a resuit of this technology assess-
ment are Tisted.
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CONCLUSTONS

TDAS USER S/C REQUIREMENTS ARE MORE DEMANDING
(COMPARED TO, FOR EXAMPLE, A TDRSS USER) DUE To:

~ WITH TIME, INCREASING NUMBER OF ROLES ARE
BEING DELEGATED TO OBC

= STRINGENT POINTING ACCURACIES OF 60 GHZ USER
S/~ ANTENNA POINTING AND CONTROL SYSTEM wWiLl
RE (ESENT ADDITIONAL BURDEN ON OBC

AN ARRAY OF COMPUTERS ARE IN DEVELOPMENT STAGES

WITH ADDI-TIONAL-RED SELECTED CANDIDATES OUT OF THEM
CAN BE DEVELOPED TO MEET TDAS USER S/C REQUIREMENTS

IF R&D 1S CONTINUED, A TDAS USER s/C OBC WITH ENHANCED

CAPABILLITIES CAN BE DEVELOPED BY 1990,

TELECOMMUNICATIONS INC.
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2.2.1 SMA SUBSYSTEM TECHNOLOGY

Tha elements addressed in this section of the report are indicated.
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SMA SUBSYSTEM TECHNOLOGY
& SMA S/S REQUIREMENTS FOR TDAS
©  FUNCTIONAL BLOCK DIAGRAM
®  SUMMARY/CONCLUSIONS
* DESIGN ALTERNATIVES AND TECHNOLOGY OF KEY COMPONENTS
- PHASED. ARRAY
- BEAM FORMING
- PHASED ARRAY ELEMENT
-~ CRITICAL TECHNOLOGY ISSUES
-~ R&D NEEDED
® ADDITIONAL SMA UNIQUE R&D NEEDED
STANFORD

TELECOMMUNICATIONS INC.




SMA SUBSYSTEM REQUIREMENTS FOR TDAS

The TDAS imposed requirements on the $-Band Muitiple Access (SMA) Subsystem
are Tisted. These requirements are driven by the need to enhance SMA capa-
biTities, specifically the following:

] Increasing the number of forward channels to two (2).
®  Gain Enhancement
. On-Board Beam Forming.
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SMA SUBSYSTEM REQUIREMENTS FOR TDAS

CHANNELS:

- FORWARD - 2 (EACH TIME SHARED)
- RETURN -1

FOV: 26° CONICAL

TRAFFIC CAPABILITY: 10 USER S/€ SERVED SIMULTANEOUSLY

PERFORMANCE ENHANCEMENT:

- 3 - DB INCREASED GAIN
~ REDUCED BEAM FORMING LOSSES
~ ENHANCED PHASED ARRAY FLEMENT GAIN

TELECOMMUNICATIONS INC.




FUNCTIONAL BLock DIAGRAM OF sy MODULE

The associated chart depipts the functionaj block diagram of the SMA modyle
and its varigus subsystems, namely:

] Fraguency Division Mulitplexer

e Switch

] Frequency Convertar .

(] Return Beam Forming Network, BFN {RETURN)
. .

]

Front Eng Assersly
Forward Beam Forming Network, BRN (FORWARD).
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FUNCTIONAL BLOCK DIAGRAM OF SMA MODULE
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FUNCTIONAL BLOCK DIAGRAM OF SMA MODULE (CONTINUED)

The purpose of the BRN (RETURN) that follows is’ to form the beam associated
with each user S/C using the multiple access service. The beam forming pro-
cess involves power splitting, weighting and combining functions. In the
return Tink transmission, the signal received by each phased array element
is power split into* as many components as needed to match the maximum num-
ber of user S/C that can use the mulitple access service on a simultaneous
basis. The number of power splitters is equal to the number of phased array
elements. The 'k'th output of each power splitter, when processed in the
BFN (RETURN) processor, provides the “formed beam" for the 'k'th user S/C.
The signal derived from this formed beam is passed on to the frequency con-
verter, FDM and switch for downlink transmission to the appropriate ground

terminal. The SMA module performs the BFN function on board the TDAS Satel-

Tite.

Two identical forward link channels are provided, with each using twelve
(12) diplexed phased array elements. The TDAS Satsllite ground ‘receiver

accepts the signals from the ground for forward transmission to user space-
‘craft. For forward transmissions, the antenna beam for each individual

user S/C is formed by a beam forming network (BFN (FORWARD))}. With the
power assembly providing the RF power, the forward channel transmits the -
signals to their respective user S/C.
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DESIGN ALTERNATIVES FOR SMA PHASED ARRAY

The existing multiple access subsystem on the TDRS Spacecraft has a thirty
(30) element phased array antenna, and beam forming processing is done on
the ground. In the enhanced TDAS spacecraft the beam forming function will
be carried out on board the S/C. In addition, the multiple access system
will be enhanced by increasing the number of elements in the phased array
as well as improving the gain of each element. An assessment of the tech-
nology for achieving these improvements was made. Based upon this assass-
ment, the chart 1ists key element of the dasign alternatives for the SMA
phased array. From the presented desion alternatives, it can be judged
that sixty (60) element phased array designs using helix elements with
improved gain characteristics can provide at least a 3 dB enhancement in
the phased array antenma gain. '

PRECEDING PAGE BLANK NOT FILMED
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"DESIGN ALTERNATIVES FOR SMA PHASED ARRAY
TYPE OF NO. OF ELEMENT. PRESENT THEORET ICAL IMPROVED PHASED ARRAY COMPLEXITY-
ELEMENT ELEMENTS FOV deg GAIN dB LIMIT GAIN HELIX ANTENNA WEIGHT
- GAIN dB GAIN dB
' (INP. HELIX)
HELIX 30 27 16 17.5 17 31.77 LOW
HELTX 40 27 16 17.5 17 33.02 LOW
HELTIX 60 27 16 17.56 17 34.77 MED.
STANFORD

TELECOMMUNICATIONS iNC.




PHASED ARRAY ANTENNA WITH 60 ELEMENTS

The figure shows the placement pattern for the Sixty (60) elements of the
phased array. The dimension of tha phased array is nominally ninety (90)
inches in diameter, which will allow interelement. spacing to be optimized
to provide the required gain and field-of-view.
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ON-BOARD BEAM FORMING ALTERNATIVE

In the TDRS Multiple Access Subsystem, beam forming processing is done on
the ground. Besides requiring approximately 200 MHz of bandwidth from the
TDRS to the ground, this also causes beam forming losses. To minimize

these Tosses, frequent calibration 0f the channel handling multiple access
signals 1s required. Thesa issues and the rapid rate at which technalogi-
cal advances are being made in the area of electronic components, nrocas-

~ sors, and size/valume/powar sﬁrinkége of electronics equipment motivates
Tecating the beam forming suhsystem an-hoard the TDAS. The chart lists
various advantages for this approach. The anly dfsadvahtage 15 the inciease
in the weight/power burden on the TDAS.
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ON-BOARD BEAM FORMING ALTERNATIVE

N BEAM FORMING LOSSES RIDUCE
) SMA GAIN ENHANCES
] RETURN CHANNEL TRANSFER CHARACTERISTICS NOT SO CRITICAL
] LE.SS FREQUENT OR NO RETURN CHANNEL CALIBRATIGN NEEDED
o DOWNLINK BANDWIDTH REQMTS. REDUCE

. WEIGHT/POWER BURDEN ON TDAS INCREASES

STANFORD

TELECOMMUNICATIONS INC.



FUNCTTONAL BLOCK DIAGRAM
(EXISTING TDRS SMA RETURN CHANNEL)

The chart depicts the functional block diagram of the existing TDRS SMA
return channel with the objective of:

] Showing its various elements

® Depicting in detail the functions carried out in the return pro-
cessor to achieve efficient beam forming.

Between A and B the return processor is Jocated. 1ts ultimate objective
is to make sure that a constant amplitude signal is fed to components:
Tocated downstream from B which are the K-band upconverter, TWTA, diplexer
and the Space-to-ground (SGL) 1ink antenna. This ensuras no amplitude
Fluctuations are imparted and tharefare no AM/PM conversion takes place
within the TWTA which might degrade the beam forming efficiency on the
ground. For the same reason, the return processor provides automatic

amplitude leveling. Timiting and gain control on ground commands.
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( | FUNCTIONAL BLOCK DiAGRAM A
1 (EXISTING TDRS SMA RETURN CHANNEL)
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CHARACTERISTICS OF EXISTING TDRS SMA RETURN CHANNEL

The characteristics of the existing SMA return channel are expressed in

the chart. The importance of these characteristics lies in their keeping
the beam forming Tosses to a minimum. Because these losses degrade the
antenna gain, they must be adequately addressed and controlled by an appro-
priate configuration and design for the SMA channel. The steps taken to
ensure this in the existing TDRS SMA return channel are stated.
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CHARACTERISTICS OF EXISTING TDRS SMA RETURN CHANNEL )
& SIGNAL TRANSFER CHARACTERISTICS ARE CRITICAL TO BEAM FORMING WITH
REASONABLE BEAM FORMING LOSSES. |
e TO ENSURE REASONABLE BEAM FORMING LOSSES:
- AUTOMATIC AMPLITUDE LEVELLING
- SIGNAL LIMITING '
., - GAIN CONTROL
- | | |
:; ARE PROVIDED BY THE RETURN PROCESSOR TO ENSURE RETURN CHANNEL TWTA
()]
ol TO OPERATE IN L
o
w

£ -~ PREASSIGNED BACK-OFF MODE
| - MAINTAIN RELATIVE LEVELS OF VARIOUS SIGNALS AT CORRECT VALUES.

- MA ARRAY ELEMENT SIGNALS ARE RADIATED TO GROUND WITHOUT
APPRECIABLY DISTORTING SIGNAL AMPLITUDE AND PHASE CHARACTERISTICS

- RETURN CHANNEL IS PERIODICALLY CALIBRATED.

\\n mw: 5! STANFORD _ | 4‘/}
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APPLICABLE CAUSES OF BEAM FORMING LOSS

The beam formirg losses zre due to gain and phase impairment caused by
various components of the Multiple Access (MA) return channel, starting
Trom signal raception by MA antenna up to the point where beam forming is
done. The chart tabulates the impairments due to various components in
the existing MA channel. The components which contribute to associated
beam forming impairments when beam forming is done on the ground are iden-
tified. Also identified are thae contributing components if alternately
the beam forming were done on board the S/C. The number of contributing
components when beam forming is done on board are fewer; thus, reduced
beam forming Tosses are suffered. The expected reduction in beam forming
10sses when beams are formed on board is -~ 1 dB, Therefore, this is an
attractive'approach.

V1I-2-204

3%



- §02-2-11A

AN

r?;% .tff1  s R | A

. -

PRI |

APPLICABLE CAUSES OF BEAM FORMING LOSS

| GAIN IMPAIRMENT (DB) PHASE IMPAIRMENT
BER i FORDEe COMPONENT LINEAR | PAR [RIPPLE | TOTAL PHASE | DXFFERENTIAL
R ATRMENT PK PK{ PK |PK-PK | NONLINEARITY |  PHASE
(DEG) STARILITY
(DEG)
4 24 MA ANTENNA +5
= CABLE (ANT-DIP) + 1
sl
—| | (A DIPLEXER (OR BRF) 0.2 + 0.5 +
=
L CABLE (DIP-PREAMP) + 0.5
2 g PREAMP 0.2 { +2.0 +6
¥ S CABLE (PREAMP-REC) ¥ 3.6
5| = +3.
- =y RECEIVER 1.5] 0.7 +0.5 + 0.0
i RETURN PROCESSOR 0.2| 0.1 +0.3 +5
2 © AUTO: AMP LEVEL/
5 LIMITER/GAIN CONTROL 0.2 £0.5
ol
& UPCONVERTER 0.1 0.2 + 1.6 +4
E THTA 0.1 0.2 £0.8 +3
DIPLEXER (S6L) +2
HISMATCH 0.2
¥ FILTER (SGL) 0.1 £ 1.1

STANFORD

REDUCTION IN BEAM FORMING LOSS = 1 DB
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SMA ELEMENT PARAMETERS AND GAIN CAPABILITY

element on ihe TORS). The actual gain is 1g dB, while the theoreticaliy
possible value is 17.5 dB. Allowing 0.5 dB for losses, this Teaves room
for a 1 dB improvement in element gain.
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SMA ELEMENT PARAMETERS AND GAIN CAPABILITY
PARAMETERS OF EXISTING ELEMENT
WAVEL ENGTH =0.131 m
HELIX DIA = 0.04 m
SPACING BETWEEN _
HELTX TURNS = C.027 m
| NUMBER OF TURNS = 19
= |
o POSSIBLE GAIN
)]
S
~ BpossipLe = 17-5 dB

3

ACTUAL GAIN

GpcTuny = 16 dB

THERE IS ROOM FOR = 1 DB IMPROVEMENT IN ELEMENT GAIN

STANFORD
TELECOMMUNICATIONS INC.




SUMMARY/CONCLUSIONS

The summary/conclusions resulting from the technology assessment for the
SMA module to enhanca its capablities are stated,
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SUMMARY/CONCLUS IONS

e IT IS POSSIBLE TO GET 3-5 DB IMPROVED SMA BY

- USING 60 ELEMENTS
- ENHANCING ELEMENT GAIN
- ON BOARD BEAM FORMING

WITH ON BOARD BEAM FORMING LITTLE OR NO CHANNEL
CALIBRATION WILL BE REQUIRED

- 602-e-IIA
-

¢ RETURN CHANNEL CHARACTERISTICS NOT CRITICAL FOR
EFFICIENT BEAM FORMING

& -2

o TDAS-TO-GROUND BANDWIDTH IS CONSERVED

1

\ K| STANFORD
)| TELECOMMUNICATIONS INC.




SMA SUBSYSTEM TECHNOLOGY

Technology issues which resulted from the technology assessment effort are
Tisted in the next twe charts, along with the R&D efforts needed %o resolve
these issues. Identification of technology issues and R&D efforts needed
for the module is broken down on the basis of the folTowing components:

(] Phased Array
] Phased Array Antenna Element
L] Beam Forming Network.

Regarding the phased array, the technology issues are fnterbeam coupling
(which produces intarbeam interference) and the fact that the achieved gain
is much Tess than theoretical Timit. The resolution of these issues Tias
in the identification of adequate components with Tow losses and stable
Parameters, optimization of the array configuration, and improved impie-
mentation techniques to provide high performance assembifies,

The technology issue associated with the phased array element (which is a
helix) is that the achieved gain is 1.5 dB Tess than that theoretically
possible. The expected diffarence between the achieved gain and what is
theoretically possible should be about 0.5 dB8. This provides room for a

1 dB improvement in element gain. In the R&D needed, the plausible approaches
to realize this improvement are 1isted.
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PROVIDE SIMULTANEOUSLY MAX:
10 BEAMS AIMED AT 10
RESPECTIVE USER S/C IN A
26° CONICAL FOV.

PHASED ARRAY ANTENNA ELEMENT

BASIC ANTENNA ELEMENT USED
TO STRUCTURE THE PHASED ARRAY

STANFORD
TELECOMMUIRICATIONS INC.

INTERFERING SIGMAL ENTRIES
INTO DESIRED BEAMS.

e ACHIEVED GAIN IS MUCH
LOWER THAN THEORETICAL
LIMIT

HELIX ANTENNA ELEMENTS
YIELD GAIN WHICH IS 1.5
DB LESS THAN THEORETI-
CALLY POSSIELE

— . . e T e T v WS B s B S et B S BSOS .
( SMA_SUBSYSTEM TECHNOLOGY
ASSEMBLY -KEY COMPONENTS AND USE CRITICAL TECHNOLOGY ISSUES R&D NEEDED
SMA-  PHASED ARRAY: ANTENNA TO o INTERBEAM COUPLING CAUSES IDENTIFICATION OF

- ADEQUATE COMPONENTS
- ARRAY CONFIGURATION

- IMPLEMENTATION
TECHNOLOGY

TO ASSURE

- HIGH INTERBEAM
ISOLATION

- MINIMAL GAIN LOSS.

INVESTIGATE THE FOLLOWING
APPROACHES TO IMPROVE
ELEMENT GAIN BY = 1 DB

- INCREASED CONDUCTIVITY
OF HELIX CONDUCTOR

- REDUCE CABLE LOSSES

- IMPROVE IMPEDANCE
MATCH BETWEEN ELEMENT
AND . CABLE

- DETERMINE OPTIMUM
SHAPE OF TUBE THAT
SUPPORTS HELIX

- IDENTIFICATION QF
LESS LOSSY THERMAL
PROTECTIVE PAINT AND
SUPPORTING TAPE.

,/




SMA_SUBSYSTEM TECHNOLOGY (CONTINUED)

Regarding the Beam Forming Network (BFN), the technology issues are the
degradation in SMA G/T (Gain to temperature noise ratio) due to Tossy com-
ponents of the weighting subsystem, and the gain loss that occurs due o
the nonuniformity of amplitude and phase versus frequency characteristics
of the beam forming network. To avoid these gain Tosses, the return chan-
nel carrying the signals from phasad array antenna elements has to be fre-
quently calibrated so that the nonunitormity of amplitude and phase charac-
teristics can be compensated. The technology issues can be settled by
developing light and less lossy weighting components. by improving the
transfer characteristics of beam forming networks, and by development of
efficient beam forming algorithms.
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SMA SUBSYSTEM TECHNOLOGY {CONT'D)

ASSEMBLY KEY COMPONENTS AND USE
SMA BEAMFORMING NETWORK (BFN)

PROVIDES APPROPRIATE
WEIGHTING TO THE SIGNALS
RECEIVED BY EACH PHASED
ARRAY ANTENNA ELEMENT

FROM USER S/C AND SYNTHE-

SIZES THE BEAM POINTED
AT USER S/C

STANFORD

CRITICAL TECHNOLOGY ISSUFS

® POWER LOSS IN WEIGHTING
COMPONENTS CAUSES SMA &/T
TO DEGRADE

¢ NONUNIFORMITY OF AMP:
AND PHASE VS FREQ.
CHARACTERISTICS OF BFN
CAUSES GAIN LOSS AND
REQUIRES ELABORATE
CALIBRATION

R&D NEEDED

DEVELOPMENT OF LOW
LOSS AND LIGHT WT
WEIGHTING COMPS.

DEVELOPMENT OF BFN

WITH IMPROVED TRANS-
FER CHARACTERISTICS
SO THAT 7

- BF LOSSES ARE LESS

- LESS FREQUENT OR
NO CALIBRATION IS
NEEDED

'.‘rfll"

|} TELECOMMUNICATIONS INC.



ADDITIONAL SMA UNIQUE RaD NEEDED

Based upon R&D needs identified during the technology assassment effort
and related developments taking place elsewhere, the additional SMA unique
development efforts that are necessary are documented.
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ADDITIONAL SMA UNIQUE R&D NEEDED

DEVELOPMENT OF

o  ENHANCED GAIN SMA HELIX ELEMENT

o P BASED ON BOARD BEAM FORMING PROCESSOR TG0
SATISFY STATED REQUIREMENTS

s LOW LOSS/LIGHT WEIGHT DIGITAL PHASE SHIFTERS
" FOR SMA ARRAY

TELECOMMUNICATIONS INC.




2.2.2 WSA TECHNOLO@&Y

The elements addressed in this section of the report are indicaged.
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WSA TECHNOLOGY

] WSA MODULE REQUIREMENTS FOR TDAS

® FUNCTIONAL BLOCK DIAGRAM - WSA MODULE

® DESIGN ALTERNATIVES
- ANTENNA

~ ANTENNA POINTING AND CONTROL ‘PROCESSOR

] SUMMARY /CONCLUSTONS

® DISCRETE ANTENNA WSA MODULE ‘TECHNOLOGY

- CRITICAL TECHNOLOGY ISSUES
- R&D NEEDED

. ADDITIONAL WSA UNIQUE R&D NEEDED

| STANFORD

TELECOMMUNICATIONS INC.,




DISCRETE ANTENNA WSA MODULE REQUIREMENTS FOR TDAS

The requirements for the WSA (60 GHz Single Access) module for use on the

TDAS S/C to enhance data relay capabilities with least burden on user 5/C
are listed.
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DISCRETE ANTENNA WSA MODULE REQGIRFMENTS FOR TDAS

FREQUENCY

COMMUNICATION LINKS
USER ACCOMODATION

ANTENNA GAIN
SYSTEM NOISE TEMP

POINTING ACCURACY

STANFORD .
‘TELECOMMUNICATIONS INC.

60 GHZ

TDRS-TO-USER S/C
USER S/C-T0-TDRS

5 RETURN
5 FORWARD

> 53 DB
< 450° K

+ 0.1 DEG.




FUNCTIONAL BLOCK DIAGRAM ~ WSA MODULE

A simplified functional block diagram of the WSA module is shown with its

interfaces to the TDAS~to-Ground transmitier and the Ground-to-TDAS receijver.

The module provides a capability for five (5) single accesses through five
(5) individual parabolic antennas, each with its own dedicated Antemna
Pointing and Control System (APCS). Both forward and return link single
access service is provided through the same antenna. Each APCS has an asso-
ciated processor which receives informatiaon necessary for computing the
desired boresight direction and produces corresponding drive signals For
precise orientation of the antenna. The return signals are routed to
desired downlinks through the switch. There is a TDAS on-board computer
(0BC) which performs various S/C functions and provides TDAS and user S/C
orbital data support to the APCS systems.
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FUNCTIONAL BLOCK DIAGRAM - WSA MODULE
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ANTENNA CHARACTERISTICS

In the technology assessment effort, three candidate antennas which hold
promise for the WSA module were addressed as follows:

. Gimballed Parabolic Antenna

[ Gimballed Parabolic Antenna with subreflector scanning
. Phasad Array Antenna

o Parabolic Antenna with Phasad Array Ferd.

The technology of these antennas was assessed on the basis of the following
characteristics:

Gain

Data Relay Capability

Acquisition/Tracking Subsystem Power Requirement
Pointing Accuracy

Complexity.

Reliability.

@« & = 5 B

o

The nominal range of characteristics for Gimballed Parabolic Antennas are
tabulated in the chart.
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ANTENNA CHARACTERISTICS - GIMBALLED PARABOLIC

DATA RATE POINTING

GAIN CAPABILITY  ACQ/TRK POWER TORQUE NOISE ACC: .
(DB) (MBPS) REGMT (W) (P=G RMS) (DEG RMS) COMPLEXITY RELIABILITY

53-54 40-50 - 10-15 .03-.05 + .06-.1 LOW HIGH

ALTTYND ¥0Od 36
Bl 59vd oNIDND

\-

~1

N| STANFORD
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ANTENNA CHARACTERISTICS (CONTINUED)

The nominal range of characteristics for a Gimballed Parabolic Antenna

with Subreflector Scanning s presented in the chart.
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- ANTENNA CHARACTERISTICS - GIMBALLED PARABOLIC WITH SUBREF SCANNING
i DATA RATE - POINTING .
i eam CAPABILITY  ACQ/TRK POWER  TORQUE NOISE ACC:
- (pB) (MBPS) REGMT (W) (DEG RMS) (DEG RMS)  COMPLEXITY  RELIABILITY
= 51-53 25-30 7-10 .01-.05 *.1-.2 HIGH L.OM
STANFORD
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ANTENNA CHARACTERISTICS (CONTINUED)

The nominal range of character1st1cs for a Phased Array Antenna is presented
in the chart. For this antenna, the gain is 43 dB (which falls short of the
requirement by 10 dB) due to constraining the number of phased array elements
to 600 to Timit complexity. In order to satisfy the gain reduirement, a
large number of elements would be requirad which would make the design quite
complex. In the next chart, this matter is elaborated further.
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ANTENMA CHARACTERISTICS - PHASED ARRAY

~ DATA RATE | POINTING
GAIN CAPABILITY ~ ACQ/TRK POWER TORQUE NOISE ACC:
(DB) (MBPS) REQNT (W) (DEG RMS) (DEG RMS) ~ COMPLEXITY  RELIABILITY
* ' _ . * %k
43 b8 5 | 4-6 NEGLIGIBLE ~ + .1 -.2 HIGH LOM

*,HHEN NUMBER OF ELEMENTS OF PHASEDR ARRAY IS LIMITED TO 600.
*% LARGE NUMBER OF ELEMENTS REQUIRED TO SATISFY GAIN REQUIREMENT,

STANFORD ' )
TELECOMMUNICATIONS ING.
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PHASED ARRAY PARAMETERS FOR WSA

In the chart, parameters are derived for a phased array antenna for the
WSA module to satisfy thé 53 dB gain requirvement and to provide a Tield-
of-view of 26 degrses, conical. Based upon the use of 2 2.5 1 x 2.5 1
cross saction horn as an element with a gain of 15 dB, the number of els-
ments required to satisfy the gain requirement is 6000. A phased array
antenna with such a large numbér of elements s not practical. A phasad
array with 600 elements and a 43 dB gain as previously discussed appears
practical but incapable of meeting the gain requirement.
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™1

PHASED ARRAY PARAMETERS FOR WSA

REQUIREMENTS : GAIN 53 DB
FIELD OF VIEW : . ~ 26 DEG CONICAL

PHASES ARRAY PARAMETERS: PHASED ARRAY. ELEMENT (HORN) SECTION 2.5 x 2.5
ELEMENT GAIN (50% EFF) 15 DB
NUMBER OF ELEMENTS REQUIRED 6000

STANFORD
TELECOMMUNICATIONS INC.
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ANTENNA CHARACTERISTICS - PARABOLIC WITH PHASED ARRAY FEED

The nominal range of characteristics for a Parabo'ic Antenna with Phased
Array Feed is listed. In this case also, the gain that can be achieved
with a practically feasible design falls short of the requirement.. Gain
1osses due to the range blockage caused by the phased array feed are the
cause. However, such a design has medium complexity and reliability.
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ANTENNA CHARACTERISTICS - PARABOLIC WITH PHRSED ARRAY FEED

DATA RATE
GAIN CAPARILITY ACQ/TRK POMWER | POINTING ACC.
- (DB) (MBPS) REQUIREMENT (M)  TORQUE NOISE (DEG RMS) COMPLEXITY

RELIABILITY

43-48" 5-15 4-6 NONE BT MED

MED

* PHASED ARRAY FEED CAUSES GAIN LOSS DUE TO BLOCKAGE.

STANFCRD
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* ANTENNA DESIGN ALTERNATIVES

A summary comparison of antenna design alternatives on the busis of their
characteristics as enumerated earlier is tabulated. From this comparison,
the Gimballed Parabolic Antenna is identified to be optimum for satisfying
the imposad requirements with Jeast camplexity and risk,
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ANTENNA DESIGN ALTERNATIVES

DATA RATE ACQ/TRK TORQUE POINTING

TYPE GAIN CAPABILITY POWER REQMT  NOISE ACC. COMPLEXITY RELIABILITY
GIMBALLED PARABOLIC% HIGH HIGH - HIGH HIGH HIGH LOW HIGH
GIMBALLED PARABOLIC

WITH SCANNABLE LOW LOW MED LOuW LOW . HIGH LoW
SUBREFLECTOR ' '
- PHASED ARRAY LOu LOW LOW NEGLIGIBLE MED HIGH LOW
I
PARABOLIC. WITH LOW MED

PHASED ARRAY FEED

LOW LOW NONE MED MED

* 'PREFERRED CHOICE:

IS OPTIMUM FOR SATISFYING REQUIREMENTS WITH LEAST COMPLEXITY AND RISK.

\ i M| STANFORD _
| U} 1ELECOMMUNICATIONS INC.




APCS PROCESSOR ALTERNATIVES

The Antenna Pointing ahd.ﬁantroi System (APCS) 1is an important component
of the antenna system; two ACPS alternatives are possible with attendant
advantages and disadvantages. For these two alternatives, a Centra] Pro-
cassor (TDAS S/C On-Board Computer) and a Dedicated Processor, the advan-
tages and disadvantages are listed, Although the additigna] burden on the
TDAS S/C On-Board Computer due to APCS. could st111 be handled by the can-
tral processor, a dedjcated procassor appears necassary or highly desirable
because of the listed advantages that it offers.
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( | | APCS PROCESSOR AL TERNATIVES

- TVPE ADV/DISADV (+)
CENTRAL PROC. (TDAS OBC) + HANDLES OTHER S/C FUNCTIONS AND PROC. MAY

NOT BE AVAILABLE WHEN NEEDED BY APC'S

i B + PROC. MAY BE OVERBURDENED WHEN ALL FIVE
- APCS FUNCTIONS ARE INCLUDED

+ DEMANDS PLACED UPON PROC. BY APC'S MAY
CONFLICT

SEZ~2-TIA

+ CHECKING OUT ALL PROC. FUNCTIONS EARLY IN
DESIGN PHASE NOT POSSIBLE

DEDICATED PRUC.* PROVIDES AUTONOMOUS PROCESSING FOR EACH APCS

HIGH PRUCESSING SPEED AVAILABLE FOR FREQUENT
ANTENNA POSITION UPDATES

APCS PROC. FUNCTIONS CAN BE CHECKED QUT EARLY
IN DESIGN PHASE

¥ DEDICATED PROCESSORS APPEAR NECESSARY.

\ X] STANFORD
| §| TELECOMMUNICATIONS INC.
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SUMMARY /CONCLUSIONS

A summary and conclusions of the WSA technology assessment effort ape listed.
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SUMMARY /CONCLUSIONS

] GIMBALLED PARABOLIC ANTENNA IS OPTIMUM CHOICE

. DEDICATED PROCESSORS SHOULD BE USED FOR ANTENNA
POINTING AND CONTROL SYSTEM (APCS)

» APCS MUST BE AUGMENTED WITH AUTOTRACKER

. NO AREAS OF CONCERN ARE FORESEEN

-1

N| STANFORD |
I TELECOMMUNICATIONS INC.




DISCRETE ANTENNA WSA MODULE TECHNOLOGY

Technology issues which resuited from the technoTOgy'assessment effort are
Tisted in the next two charts, along with the R&D &fforts needed to resalve
these issues. Identification of the technology issues and the R&D efforts

needed for the module is broken down on the basis of the Tollowing compo-
nents:

Antenna

Antenna Pointing and Control System {APCS)
Autotracker

Processor

Preamplifier

HPA.

The tachnology issues that arise due to antenna are the gain degradation
and the difficulty of getting a smooth reflector surface from light weight
materials (which also provide Tow inertia antenna structurgs thus a110wing

-rapid acquisition). The causes of antenna gain degradation are surface

roughness, loss of electromagnetic energy at the reflector and feed sur-
faces, misalighnment of antenna parts, distortion; of feed and reflactor
structures and blockage of the main reflector. The R&D efforts neaded to
resolve antenna technology issues shouid be directed at achieving 1/64 cm
RMS surface smoothness, light weight feed and reflector structures whose
active surfaces (at which I2R losses can take place) can be coated with
highly conductive coatings. At the same time, the material should provide
rigid and Tow inertia antenna structures.
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s ~ DISCRETE ANTENNA WSA MODULE TECHNOLOGY )
ASSEMBLY KEY COMPONENTS AND USE CRITICAL TECHNOLOGY ISSUES  R&D_NEEDED
WSA  ANTENNA PROVIDES READ TRANSMIT AND  GAIN DEGRADES DUE TO DEVELOPMENT OF ANTENNA
MODULE  RECEIVE GAIN - REFLECTOR SURFACE ROUGHNESS  HAVING: |
| (REQUIREMENTS INCREASE WITH - 1/64 cm RMS SURFACE
FREQUENCY; STRINGENT AT 60 SMOOTHNESS
SHz) - LIGHT WT FEED AND
- 1%R LOSSES IN SURFACE REFLECTOR WITH
- MISALIGNMENT OF ANTENNA PARTS oo CONDUCTIVE
APERTURE ILLUMINATION AND GAIN
- - MATERTAL AND CONFI-
DEGRADES DIE T0 GURATION TO PRODUCE
~ FEED SURFACE LOSS ~ RIDIG/LOW INERTIA
_ SHAPE DISTORTION ANTENNA
~ BLOCKAGE

DIFFICULT TO GET SMOOTH REFLECTOR
SURFACE FROM LIGHT/LOW INERTIA
STRUCTURES WHICH ALLOW RAPID AC-

| QUISITION

ANTENNA POINTING/CONTROL SYS. (APCS)  NEED FOR HIGH GAIN @ 60 GHZ BUR-  DEVELOPMENT OF

POINTS ANTENNA AT USER S/C DENS APCS WITH | PRECISION CONTROL

- ~ STRINGENT POINTING ACCURACY = SYS. CONFIGURATION

REQUIREMENT - PRECISION POSITION
- FAST/PRECISE CONTROL SYSTEM ENCODERS
ANT. POINTING TORQUES GENERATED - TECHNIQUES TO REDUCE
BY APCS INDUCE TORQUE NOISE IN TORQUE NOISE AND
- TDRS AND DISTURB IT'S ATTITUDE STIFFEN ACS.
AUTOTRACKER A COMPONENT OF APCS TO OPTIMUM AUTOTRACKER FOR 60 GHZ ~  DEVELOPMENT OF REQUIRED
ENHANCE TRACKING EASE AND ACCURACY OPERATION HAS NEVER BEEN DEVEL-  AUTOTRACKER
T OPED

m

\\ | STANFORD ' '
J| TELECOMMUNICATIONS INC. ; | .
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DISCRETE ANTENNA WSA MODULE TECHNOLOGY (CONTINUED)

Ragarding tiie APC3 for the 60 GHz antenna, the technology issues arise due
to Timiting the loss of gain. Llarge antenna pointing errors will entai]
Targe gain losses and the same effects will be felt due to 1ack_of control

system precision. Another technd1ogy'issue which originates- from the APCS

is the disturbance in TDAS attitude due to targue nojsa. Resolution of
these technology issues requirsd R&D efforts to develop precision contro]
systems, precision position encoders and techniques to reducs torque noise
and 1ts impact.

An autotracker for 60 GHz has never been developed and built, and therefore
the objective of the needed R&D effort is the development of such a unit.
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DISCRETE ANTENNA WSA MODULE TECHNOLOGY (CONTINUED)

Regard1ng the processer, no unit is available or has been deve]oped ‘to
meet the expected requ1rements. R&D efforts should be directed to develop

microprocessor-based dedicated processcys for precisely pointing the antenna.

For the preamplifier, the tachnology issue is the system noise temperature
which exceeds the requirement. R&D efforts should be aimed at developing
techno]ogy such that a system noise temperature of < 450°K can be achieved.

The 60 GHz HPA related technology issue is the availability of only a 1im-
ited amount of power from existing power sources. Resolution of this issue
required boosting the power available using power combining; the needed R&D
efforts must be ajmed at development of Jow Toss, and hence high efficiency,
power combining techniques.

'PRECEDING PAGE BIANK NOT Fivii
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: ASSEMBLY

WSA

- MODULE

'DISCRETE_ANTENNA

WSA MODULE TECHNOLOGY (conT’m)

'KEY COMPONENTS AND USE

"PROCESSOR PERFORMS NECESSARY COMPU-
'TATIONS FOR GEXERATING ANT. DRIVE
SIGNALS

'PREAMP: RECEIVER FRONT END

: . /
HPA: PROVIDES CARRIER POMER

STANFORD

| TELECOMMUNICATIONS INC.

CRITICAL TECHNOLOGY ISSUES

NO PROCESSOR IS AVAILABLE TO MEET
REQUIREMENTS

CURRENT TECHNOLOGY STATUS PROVIDES
SYSTEM NOISE TEMP. > 450° K

LIMITED POWER AVAILABLE PER HPA™
NECESSITATES POWER COMBINING
WITH ATTENDANT LOSSES

R&D NEEDED

DEVELOPMENT OF AN ADE-
QUATE DEBICATED PRO-
CESSOR USING SPACE
QUALIFIED wP

TECHNOLOGY DEVELOPMENT
TO REDUCE NOISE TEMP
IS DESIRABLE

DEVELOPMENT OF LOW LOSS
POWER COMBINING TECH-
NIQUES




ABDITIONAL WSA UNIQUE R&D NEEDED

On the basis of R&D needs identified to resolve the tachnology issues and
developments taking place in relatad areas, the additional WSA unique R&D
needed is Tisted.
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ADDITIGNAL WSA UNIQUE R&D NEEDED

DEVELOPMENT OF:
] LOW INERTIA 1/64 CM RMS SMOOTH REFLECTOR
e 60 GHZ LOW LOSS FEED

] PRECISION APCS, AUTOTRACKER AND ASSOCIATED
DEDICATED PROCESSOR

. PREAMP: WHICH PROVIDES SYSTEM NOISE TEMP
< 450° K

* 60 GHZ LOW LOSS POWER COMBINING TECHNIQUES

STANFORD
TELECOMMUNICATIONS INC.




2.2.3° LASER COMMUNICATION SUSSYSTEM TECHNOLOGY g}

The elemants addressed in this section of the repart are indicated.
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LASER COMMUNICATION SUBSYSTEM TECHNOLOGY

®  LASER COMM: S/S REQUIREMENTS FOR TDAS

] LASER COMM: FUNCTIONAL BLOCK DIAGRAM

® DESIGN ALTERNATIVES AND TECHNOLOGY OF KEY COMPONENTS

—

LASER
PUMP

ACQUISITION/TRACKING SUBSYSTEM
OPTICAL RECEIVER
COMMUNICATION ELECTRONICS
CRITICAL TECHNOLOGY ISSUES

R&D NEEDED

L ATTRACTIVE ALTERNATIVES

. ADDITIONAL LASER COMM: S/S UNIQUE R&D NEEDED

. - SUMMARY/CONCLUSTONS

STANFORD

TELECOMMUNICATIONS INC.
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LASER COMMUNICATION SUBSYSTEM REQUIREMENTS FOR TDAS

The Laser Communication Subsystem requirements defined fop TDAS applications
are Tisted on this chart, -
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LASER COMM:

S/S REQUIREMENTS FOR TDAS

COMMUNICATION LINKS: TDAS-TN-TDAS

DATA RATE:

LASER QUTPUT:

POINTING ACCURACY:

ACQUISITION TIME:

STANFORD :

TELECOMMUNICATIONS INC.

USER S/C-TO-TDAS

TRANSMIT

100 KBPS - 2 GBPS
RECEIVE

2 GBPS

> 300 mW

< 1 uRAD

< 10 SEC
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LASER COMMUNICATION SUBSYSTEM FUNCTIONAL DESIGN
(INDICATING TECHNOLOGY ITEMS)

The functional block diagram shaws a representative design of Laser Commu-
nications Subsystem. The various blocks of the diagram indicate candidates
for the technology items. The straight Tines indicate RF paths, while the
wavy 1ines indicate optical paths.

T,
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LASER COMM: SHBSYSTEM FUNCTIONAL DESIGN

(INDICATING TECHNOLOGY ITEMS)

OPTICAL
RECETYER

;

TELESTORE POINTING
pOSITION  f=AA e b moomaror ] THTERFACE

OPTICS
ENCODERS 09T1CS

v

PuMe

LASER

comuNicaTIon [~

ELECTRORICS
ACOUISITION
AlD
TRACKING
SUBSYSTEM BEACOR
- LASER

DATA »
CHANNELS :J

BEACON COMM:
ELECTRORICS

3

'STANFORD

BEACON

——— DATA

TELECOMMUNICATIONS INC.



LASER CHOICES

The chart presents a 1ist of choices of lasers in the fraquency band extanding
trom 0.5 um to 10.64 um for implementing the TDAS Laser Communications Subsys-
tem. There are four choices: FO: MNcYAG, GaAs, Nd YAG and €0z lasers. At

'a warelength of 1.1 ym, the indicated frequency band is divided into two
halves. The kay characteristics of the lasers which 1ie ahove and below this
dividing wavelength are listed. The Significant characteristics of these four
principal lasers from a System implementation viewpoint are laser oscillator
efficiency, overall transmitter efficiency and Tife are quantified.

VII-2-252

-

g

.

]

[ X
i

f'r-n

by

e

e

ol i




e T T A TR T TR e T e

£G¢-¢-11IA

B T i i e il B gt s Kt A et e S
e TR s S s B e S wees B I s N e B seve T e U e B et S e B et e Mo
LASER CHOICES .
FD:NdYAG . GahAs NdYAG CU2
! ! ) . . (( : Y ,
_ ¢ J) 1 1 !
- 0.5 0.532 0.89 1.0 1.064 1.1 . 10 10.64 A —
< . ' N (um)

A SMALLER ( ¥ LARGER) A LARGER (Y SMALLER)

e E =h7Y LARGER A : & hY SMALLER
I & ENERGY ASSOCIATED WITH A SIGNAL i ®  ENERGY ASSOCIATED WITH A SIGNAL
PHOTON IS LARGER, PHOTON IS SMALL.

SIGNAL PHOTONS TOO LOW IN ENERGY FOR
THE WORK FUNCTION OF PHOTO-EMISSIVE
DET. SURFACE.
«  DETECTOR GAIN IS LOW AND FALLS OFF
) - | WITH A A,
‘e DIRECT DETECTION 1S USED. &  HETERODYNE OR HOMODYNE DETECTION
| 1S REQUIRED:
- DETECTION IS “USUALLY" THERMAL
'NOXSE LIMITED. |
- CONVERSION GAIN PROVIDED BY HETE-
RODYNE DETECTION CAN MAKE DETECTION
PROCESS SHOT NOISE LIMITED. "/}

~1

_\\ | STANFORD
. J| rELECOMMUNICATIONS INC.
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LASER CHOICES (CONT‘D)
CHARACTERISTICS OF PRINCIPAL LASERS
. § LASER OVERALL
| | OSCILLATOR TRANSMITTER :
@  LASER WAVELENGTH (ym) EFFICIENCY (%) EFFICIENCY (%) LIFE (HRS)
f; - FD: Nd YAG 0.532 ' 0.8 5.4 >> 40,000
2 . - .
G} .
N Nd YAG - 1.06 0.5-1 0.5 >> 40,000
= % | .
T g | : g
R | Ga As 0.89 5 - 10 1.0 = 10
&1 | 2 | - |
oo co, 10.6 10 - 15 0.7 < 40,000
gl

LI TELECOMMUNICATIONS INCG.




LASER COMMUNICATION SUBSYSTEM TECHNOLOGY COMPARISON
ON THE BASIS OF CHOICE LASERS

Taking into account all key items from a communication System jmplementation
viewpoint, the next two charts compare the tachnology of the two preferred

choices, namely the FD: Nd YAG and GaAs Tasers.
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LASER COMM: S/S TECHNGLOGY COMPARISON ON THE BASIS OF CHOICE LASFRS 1
ITEM . LASER
| FD: Nd YAG Gads
WAVELENGTH (ym) 0.532 0.85
FREQUENCY IN THE COURSE OF LIFE TESTING SOME i
STABILITY. FHISSION LINE SHIFTS WITH AgE FREQUENCY SHIFTS WAVE BEEN NOTED
REQUIRES PUMP (DIODE PUMP)

_ PUMP

POWER COMBINING

OVERALL
TRANSMITTER
EFFICIENCY

) STAMNFGRD

- DIODE PUMPING REQUIRES
MATCHING THE LASER EMISSION
LINE TO A NARROW PUMP BAND

~ DIODE EMISSION LINE SHIFTS
WITH AGE

SUFFICIENT'PDWER IS AVAILABLE
FROM SINGLE Nd YAG ROD TO SAT-
ISFY COMM: LINK REQUIREMENTS

NO POWER COMBINING NECESSARY

0.4%

OUTPUT PER GaAs DIGDE IS SMALL

COMM: LINK FROM/TO TDAS WILL
REQUIRE DIODE ARRAYS LEADING
TO POWER COMBINING PROBLEMS

1%

L !1 TELECOMMUNICATIONS INC.
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- LASER COMM: S/S TECHNOI GGY COMPARISON ON THE BASIS OF CHOICE [ASERS (CONT‘D)
_ITEM . LASER
FD:_Nd YAG : GaAs
_g B _ :
& MODULATION WELL DEVELOPED MODULATION SCHEME | WELL DEVELOPED MODULATION SCHEME
g | FOR THIS LASER IS: | FOR THIS LASER IS: |
Z - PULSE QUARTERNARY MODULATION | - PULSE POSITION MODULATION (PRM)
o (PQH) | _ PULSE INTERVAL MODULATION (PIM)
8 MORULATION EQUIPHENT IS FAIRLY : MODULATORS FOR GaAs DIODES ARE SIM-
N ELABORATE | PLE TO INPLEMENT |
X | o | :
2 DEMODULATION OPTIMUM DETECTION SCHEME POSSIBLE | OPTIMUM DETECTION SCHEME POSSIBLE
2 : j ' |
3 | | |
= LIFE USE OF SOLID STATE COMPONENTS CAN | LONG POTENTIAL LIFE
2] PROVIDE 8-10 YEARS LIFETIME |
g ! |
g | \




ALTERNATE DESIGN APPROACHES FOR ENHANCING POWER OQUTPUT OF GaAs LASERS

An inherent defficiency of GaAs Tasers is the limited output power available
from a GaAs laser diode. - Te-achieve sufficient powar to satisfy TDAS communi-
cations requirements, the power output of GaAs Tasers nesds to be enhanced:
various design approaches are possible. The next two charts 1ist these

approaches alnog with, brief descriptions and their advantages and disadvan-
tages.
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ALTERNATE DESIGN APPROACHES FOR ENHANCING POWER OUTPUT OF GaAs LASERS

APPROACH

- PARAMETER OPTIMIZATION

PHASE LOCKING OF SEVERAL
L ASERS

B MONOLITHIC PHASE LOCKING

(ONE DIMENSIONAL ARRAY)

S WER N | STANFORD

DESCRIPTION

THE PARAMETER (CROSS SECTION SHAPE OF
THE ACTIVE REGION OF A SINGLE LASER
DIODE) OPTIMIZATION RESULTS IN BETTER
MODE SELECTIGN

BY USING THIS APPROACH IT IS FEASIBLE
TO OBTAIN DEVICES THAT MAINTAIN MODE
BEHAVIOUR UP TO POWER LEVELS OF 100 mW

THE GUTPUTS OF SEYERAL LASERS IS PHASE
LOCK COMBINED BY PLACING THEM IN A
COMMON EXTERNAL CAVITY

IN THIS APPROACH ALSO, THE OUTPUT OF
SEVERAL LASERS IS COHERENTLY COMBINED.
HOWEVER, IN THIS SCHEME ALL THE LASERS
ARE GROMN MONOLITHICALLY ON & COMMON
SUBSTRATE AND PHASE LOCKING IS ACHIEVED
BY OVERLAPPING THE EM FIELDS OF ADJA-
CENT LASERS

Ll TELECOMMUNICATIONS INC.

- ADV:

ADV/DISADV

POWER CAPABILITY FALLS SHORT OF
FROM/TO TDAS COMMUNICATION LINK
REQUIREMENTS.

ADV: THE POWER OUTPUTS OF INDI-
VIDUAL LASER DIODES CAN BE CO-

HERENTLY COMBINED THUS PROVIDING
A FINELY DEFINED RADIATION BEAM

DISAD: APPROACH RELIES HEAVILY
ON MECHANICAL STRUCTURES WHICH

MAKE IT INHERENTLY LESS STABLE

AND BULKY

ADV: BECAUSE LASERS ARE OPERA-
TED IN PARALLEL, NO EXTERNAL
CAVITY IS NEEDED

NOT BULKY

UP TO 900 mW OF PEAK POWER IS
POSSIBLE

J
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ALTERNATE DESTGN APPROACHED FOR ENHANCING POWER OUTPUT OF GaAs {ASERS
APPROACH DESCRIPTION ADV/DISADY
-

MONOLITHIC PHASE LOCKING IN THIS APPROACH, FACH LASER DIODE IN  ADV: POMER LEVEL > 1000 mM ARE

(THO DIMENSIONAL ARRAY)  PARALLEL MONOLITHIC ARRAY IS REPLACED  POSSIBLE

| BY EITHER |

DISADV: THERE ARE POTENTIAL PRO-
) " DIUDE Laakns VGINATION OF SEVERAL  BIEWSIn DESIGN/FABRICATION
< o - MAINTAINING THE UNIFORMITY
= ‘ OF EMITTED RADIATION PATTERN
) _ :
N RoMER Levei . THAT CAN EMIT HIGH - PRECISE AND STABLE COUPLING
R REQUIRED FOR LOCKING
| - REMOVAL OF HEAT GENERATED

o WITHIN THE DEVICE STRUCTURE
oI - .
g OPTICAL COMBINING* OUYPUTS OF MULTIPLE DIODES COMBINED DESIGN LESS CRITICAL
g . USING PRINCIPLE INVERSE OF SPECTRUM
z SPLITTING BY PRISH,
%..
ch [
KE .
%' .
8
a .
3 \ W] STANFORD
- A L} TELECOMMUNICATIONS InC.
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LASER TRANSMITTER/PUMP SUBSYSTEM TECHNOLOGY

The chart 1ists critical technology issues related to the Laser Transmitter/
Pump Subsystem and the corresponding R&D needed to rasolve these issues.

For such issues, the Transmitter/Pump Subsystem is investigated on the basis
of the following components: Taser diodes, Powar Combiners, transmitter and
the diode-pumped FD Nd:YAG laser. To resolve the identifiad technology
issues the R&D needed constitutes an enhancement of Puise Repestition Fre-
quency (PRF) to GHZ, a decrease in Pulse Width (PW) to Tess than 1 ps, an
increasa in the lifetime, iniproved Fraqueﬁcy stabilization, the development
of efficient power combiners and enhanced power cutput.
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LASER TRANSMITTER/PUMP SUBSYSTEM TECHNOLOGY

ASSEMBLY KEY COMPONENTS AND USE  CRITICAL TECHNOLOGY ISSUES R&D NEEDED
LASER TRANSMITTER/ LASER POWERED BY PUMP  LASER DIODES WHICH HAVE ALTHOUGH CURRENT TECHNOLOGY
" PUMP ASSEMBLY 1S THE SOURCE OF OPTI- . R&D PROGRAMS MAS FOLLOWING
\SSEHE | - HIGH POWER OUTPUT |

CAL POWER FOR DATA 1984 GOALS

TRANSMISSION FROM/TO - INCREASED LIFETIME

LI ON | — INCREASED RELIABILITY ~ QUTPUT POMWER = 500 mi

- - FREQUENCY STABILITY (@ 532 AND 1060 nm)

- PRF = 500 x 10
~ PULSE WIDTH = 300 ps

POMER COMBINERS
- HIGH COMBINING EFF.
~ MONOLITHICALLY INTEGRATED R&D IS NEEDED TO

<. e
~ HIGH POHER LASER - ENHANCE PRF TO 1 GHz |
s TRANSMITTER - PH < ps
T
& ~ OPERATIONAL PRECISION OF ~ UNDERSTAND LIFE LIMITING
N OPTO-ELECTRONIC DEVICES MECHANISMS AND ACHIEYE 10
¢ o - - HIGH DATA RATE CAPABILITY YEAR LIFE
- - DEVELOP SHUTTLE COMPATIBLE
DIODE PUMPED FD Nd: YAG LASER DESIGNS
- OPTIMUM PUMP-COUPLING - UNDERSTAND AND CONTROL
EFFICIENCY © WAVE LENGTH SHIFTING -
~ FREQUENCY STABILITY - DEVELOP EFFICIENT POMER
LiFE COMBINING METHODS TO GET
HIGH LASER DIODE OUTPUT
- DEVELOP SPACE QUALIFIABLE
HIGH POWER LASER DIODES

=

\\ @ B N] STANFORD |
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ACQUISITION/TRACKING SUBSYSTEM ENVIRONMENT AND REQUIREMENTE

The chart defines the environment in which acquisition/tracking subsystem
has to operate and Tists the requirements imposed upon the Subsystem which
are to be met in the defined environment.
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ACQUISITION/TRACKING SUBSYSTEM ENVIRGNMENT AND REQUIREMENTS

ENVIROMMENT
S/C STABILIZATION

S/C ATTITUDE DETERMINATION
ACCURACY

RANGE SEPARATION BETWEEN XMT.
AWD REC. LASERS

REQUIREMENTS
COARSE POINTING ACCURACY
FINE POINTING ACCURACY

LASER BEAM LINE-OF-SIGHT
JITTER

ACQUESITION TIME
REACQUISITION TIME

STANFORD
TELECOMMUNICATIONS iNC. .

3-AX1S
.01 DEG - 0.7 DEG

a0 - 80 x 10° METERS

10 - 100 uRAD
<1 uRAD

6.2 pRAD {PEAK)
< 10 SECS.
0.5 SEC.

A
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ACQUISITION AND TRACKING PHASES

Laser Communications betweeﬁ two Spacecraft (TDAS/TDAS and user spacecraft/
TDAS) can be maintained by adequately carrying out the acquisit‘idn/tracking
function. The chart enumerates various phases of acquisition/tracking function
and lists the desired objective of each.
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y - | ACQUISITION AND TRACKING PHASES
ﬁ | VARIOUS PHASES:

i . ACQUISITION LASER COMMUNICATION SUBSYSTEM MUST FIRST ACQUIRE
! THE OPPOSITE S/C
1 TRACKING AFTER ACQUISITION, IT MUST MAINTAIN CLOSED LOOP
4 TRACKING
l_ < .
PR POINTING DURING TRACKING, POINTING MUST BE MAINTAINED WITH
SR HIGH ACCURACY
‘ 5
i REACQUISITION IF FOR ANY REASON TRACKING AND POINTING CONTROL
| LINK IS BROKEN, THE S/C MUST BE GRICKLY REACQUIRED
5*‘1
i
I
':i
}‘
1
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ACQUISITION/TRACKING GEOMETRY

In the figure, the acquisition/tracking geametry for two Satellite—barne
Taser Communication Subsystems is illustrated. The Laser Subsystem (S/S)
A is on Spacecraft {S/C) Sp, while Laser S/S B is on S/CSBE. The two S/C

are Separated by distance R, and it is assumed that A is transmitting and

B is receiving. The transmitting laser has a beacon while the receiving
laser has a detector (DET).

Associated with each Spacecraft is an error volume. The error volume around
the transmitting Laser A indicates the receving laser B's assassment of the
uncertavnty about the beam of the beacon an laser A. Similarly the error
volume around the receiving laser B indicates transmitting Taser A's assess-
ment of the uncertainty about the detector on Taser B.

Y1I-2-270

'jpf”

-
[N g

=

e S s g e



PR —

\

s ol

GRIGINAL PAGE 15
OF FOOR QUALITY,

"ONI SNOILLVYIINNWWODT 131
 GHOANVLS

IJ
w'a

H -39NVY
=
'
]
—.
]
i
\‘lla.() “
\\ /_rl.l. Q . “
s N ]
\ \ ;,/m\. ’
! 1 QEQN/ “ PRI
\Iﬂ-}llll.*l‘ ~ F N
w_ 4 1 —— ~— t;o.ﬁ '_
] ——=> g
- U G 7 c
\ ! TN L 5
NO9Y39 WEEEUN S S
// / \.\\.ﬁ : S U\W
. /f \-ﬁ\\\ L
10A HOMYA $7I0A d0UM3

AULIWOI9 ONTNOVEL/NOILISINDIY

I

A,

b

VI[-2.271



fAa

. ! LR
ool

[P

Q.

DESIGN ALTERNATIVES FOR ACQUISITION

i

P
Lin SR

The next three charts Tist the progress of the acquisition process as a
function of time and presents three Scanning alternatives that are candi-
dates for the TDAS Acquisition/Tracking Subsystem Design. These alterna-
tives are Raster Scan, along with the use of a high power beacon, and
Square or Spiral Scan, along with the use of a low power beacon. For each
case the acquisition process is summarized, and a preliminary assessment -
of feasible acquisition'time and design complexity is 1isted. The Scanning ff
paticrns are jllustrated in the third chart.
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DESIGN ALTERNATIVES FOR "ACQUISITION

£12-2-11A

SB INITIATES "ACQUISI

ACQUISITION BETWEEN LASER COMM:
. | | : TERMINALS ‘INITIATED BY OBC'

TERMINAL ON SA TURNS ON BEACON FOR TERMINAL
ON SB TG DETECT AND LOCK ON TG

TION" OF BEACON FROM S

+ A

DESIGN ALTERNATIVES FOR ACQUISITION

£A1T9ND ¥00d 40
51 Zovd TWNIDRIO

 HIGH POWER BEACON (

ERROR VOL. WITH ADEQUAT

WIDE BEAMWIDTH < ENTIRE )
E}
EIRP POSSIBLE

LOS BETWEEN Sp AND Sp
BORESIGHTED

ACQUISITION ACHIEVED BY SEQUENTIALLY
NARROWING ANGULAR FIELD OF POINTING
" UNCERTAINTY

LOW POWER BEACON (

ERROR VOL. WITH ADEQUAT
EIRP NOT PFSSIBLE

WIDE BEAMWIDTH < ENTIRE)
E

[
SQUARE_SCAN
SAME

= M| STANFORD , -
- LI TELECOMMUNICATIONS INC. -

OBC: - ON~BOARD COMPUTER.

|
SPIRAL SCAN I

SAME

) |
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Sg RAPIDLY SEARCHES FOR THE BEACON

REC. TERM. STARTS ACQUISITION BY

SCANNING THE WIDE BEACON BEAM OVER EMITTED FROM Sp AND Sp SLOWLY SEARCHES
THE ERROR*VOL. OF TRANSMITTER I WITH ITS BEACON FOR Sp

' {(LOCATIONS OF Sp AND Sp WITHIN THEIR
BEACON BEAM IS SENSED ON WIDE FOV | ERROR VOLUMES ARE UNKNOW:)

 DETECTOR WHICH DRIVES THE GIMBALLED |
MIRROR TO REDUCE THE BORESIGHT ERROR

WHEN BORESIGHT ERROR IS SMALL, NAR- |
ROW FOV DETECTOR IS WSED

!
REC. TERM. INITIALLY DIRECTS ENTIRE '
I

RECEIVED LASER POWER TO ACQ/TRK DET.
AND CORRECTS POINTING ERRORS IN THE
SCAN PATTERN

" WHEN TRANSMITTER IS CENTERED IN THE |
FOV, REC STOPS SCANNING THE BEACON
AND SWITCHES BEACON BEAMWIDTH USED
FOR ACQUISITION TO THAT USED FOR

* TRACKING

- WHEN POINTING ERROR AT THE REC. TERM.]
SATISFIES REQUIRED MUTUAL AUTOMATIC
- TRACKING CONDITIONS THE OPTICS TRANS- |
.- FERS MAJORITY OF RECEIVED LASER SIG-
- NAL TO HIGH DATA RATE OPTICAL DETEC- [

G/2-2-11A

QINTE LON JINVIg HOVd DNIGIOHYS

(DUE TO COMPLICATED
SCANNING CKTS)

TOR
FEASIBLE ACQUISITION TIME: |
< 5 SEC | < 10 SEC < 2 SEC
DESIGN COMPLEXITY: |
o - MED LOM HIGH
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ACQUISITION/TRACKING S/S FUNCTIONAL DIAGRAM
(INDICATING TECHNOLOGY ITEMS)

The functional block diagﬁam shows a respresentative design of a TDAS
Acquisition/Tracking Subsystem and its interfaces with other Subsystems.
Yarious blacks of this diagram indicate candidates for tachnology items.
The straight Tines indicate RF paths, while the wavy Tines indicate optical
paths.
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ACQUISITION/TRACKING S/S FUNCTIONAL DIAGRAM
(INDICATING TECHNOLOGY ITEMS)
TELESCOPE
COARSE
STEERING
GIMBAL ASSY. | FINE
, POFHTING/ALIGNN-  |eAAAA— FROM LASER o0
ENT ASSEHPLY T2
A g;g%
N e SE
o
<o
55
: oy
COARSE AND FINE G
TRACKING €
DETECTORS ASSEMBLY
Y ) —> 10
ATt = LASER swsvsTEM [ PROM o McATION
TRACKING CENTRAL ELECTHONILS
ELECTHONICS >~ PROCESSOR P I
SPACECRAFT
INTERFACE

STANFORD
TELECOMMUNICATIONS INC.




ACQUISITION/TRACKING SUBSYSTEM TECHNOLDGY

The next twe charts list critical technology issues and R&D efforts niceded
to resolve these issues for realization of a compliant TDAS Acguisition/
Tracking Subsystem. For this technology assessment effort, the Acguisition/
Tracking Subsystem is subdivided into Coarse Steering Gimbal, Fine Pointing

Control/Alignment, Coarse and Fina Detectors, Acguisition/Tracking Electron-

ics Assemblies and Lasar Subsystem Central Processor. For each assembly,

the key components, their use, critical technology issues and R&D efforts
needed are Tistad.
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ACQUISTITION/TRACKING SUBSYSTEM TECHNOLOGY

ASSEMBLY - KEY COMPONENTS AND USE CRITICAL TECHNOLOGY ISSUES R&D NEEDED
COARSE STERRING CONSISTS OF 2 GR 3 AXES GIMBALLED NOISE INDUCED BY GIMBAL BEAR- GIMBAL BEARING
GIMBAL ASSEMBLY ‘TELESCOPE, GIMBAL ANGLE PICK-OFF ING FRICTION AFFECTS LASER FRICTION MUST
' ' SENSING DEVICES, GIMBAL SERVO BEAM POINTING ACCURACY AND BE REDUCED

DRIVE MOTORS AND RELAY OPTICS AS- S/C ATTITUDE DETERMINATION
SEMBLY AND CONTROL
FINE POINTING CONTROL/ CONSISTS OF SEVERAL SETS OF GIM- TO ACHIEVE PRECISION POINTING PRECISE ON-BOARD
ALIGNMENT ASSEMBLY BALLED OPTICS WITH THEIR ASSOCIA- ACCURACY ON-BOARD BORESIGHT BORESIGHT ALIGN-

TED TORQUE MOTORS TO PERFORM FINE ALIGNMENT AND CALIBRATIGH ARE MENT TECHNIQUES
POINTING, LOOK-AHEAD COMPENSATION NECESSARY

AND BORESIGHT ALIGNMENT
TO PROVIDE ATTITUDE RE} ERENCE DEVELOPMENT OF

INFORMATION AND CONTROL JIT- PRECISION GYROS
TER HIGH PERFORMANCE GYROS
ARE NEEDED
COARSE AND FINE CONSISTS OF COARSE ACQUISITION S/N RATIO OF THE DETECTORS TECH: THAT
TRACKING- DETECTORS DETECTOR HAVING A WIDE FQV TO AND THEIR DATA PROCESSING PREVENTS S/N
© ASSEMBLY - PROVIDE ERROR SIGNALS FOR THE RATES ARE CRITICAL IN DEGRADATION
COARSE STEERING GIMBAL ASSEMBLY, ACHIEVING FINE POINTING AC- DURING DET:

FINE TRACKING DETECTOR HAVING A CURACY FABRICATION,
NARROW FOV TO PROVIDE TRACKING '

ERROR SIGNALS FOR FINE POINTING

AND ALIGNMENT, A DATA PROCESSOR

AND ASSOCIATED ELECTRONICS

\\ WmN| STANFORD
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!/ | ACQUISITION/TRACKING SUBSYSTEM TECHNOLOGY (CONT‘D) | \

CRITICAL TECHNOLOGY
ASSEMBLY - KEY CCHMPONENTS AND USE ISSUES R&D NEEDED

ACQUISITION/TRACKING THIS ASSEMBLY IS THE BRAIN REQUIRED IT IS DESIRABLE FROM BEVELOPMERT OF
ELECTRONICS ASSEMBLY 710 PERFORM THE LASER S5/S WT/PONER/REL ASPECTS COMMON PROCESSOR
' - ACQUISITION TO HANDLE SOFTWARE '
REACQUISITION FUNCTIONS BY -A COMMON.
. PROCESSOR
POINTING, AND
TRACKING

‘FUNCTIONS. INFO PROVIDED BY THE CEN-
TRAL PROCESSOR AND TRACKING DETEC-
TORS COMMAND THE COARSE STEERING
GIMBAL ASSEMBLY AND FINE POINTING/
ALTGNMENT ASSEMBLY TO PERFORM THE
ABOVE FUNCTIONS

LASER S/S CENTRAL  CENTRAL PROCESSOR SERVES AS THE IN- PROCESSOR TECHNOLOGY PROCESSOR DESISN

PROCESSOR TERFACE BETWEEN THE S/C AND THE LASER TECHNOLDGY IS

-5/5, ITS MAJOR FUNCTIONS ARE TO WELL DEVELOPED.
ACHIEVE NO PROBLEMS ARE

‘ = S/C ATTITUDE DETERMINATION ENVISIONED
AND CONTROL

HANDLING S/C EPHEMERIS INFO.
ACQUISITION

TRACKING

POINTING

COMMAND

TELEMETRY

STANFORD |
TELECOMMUNICATIONS INC.
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OPTICAL RECEIVER ALTERNATIVES FOR LASER COMMUNICATION SYSTEM DESIGN

The chart Tists the design altarnatives for the Laser, Detection Technique
and the Detector from the viewpoint of implementing the receiver of a laser
communication Subsystem. For the various candidates for these components,
the most promisisg choices are Tisted.
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GPTICAL RECETIVER ALTERNATES FOR LASER COMMUNICATION SYSTEM DESIGN \
KEY ITEM/TECHNIQUE - CANDIDATES CHOICE(S) {
LASER FD: Nd YAG, GaAs, Nd YAG, Co, FD: Nd YAG, GaAs
DETECTION HETRODVNE DET | DIRECT DET
TECHNIQUE | HOMODYNE DET
| DIRECT DET
= |
o DETECTOR DYNAMIC CROSS FIELD PHOTOMULTIPLIER (DCFP) 11 T0 V ALLOY HETEROSTRUCTURE
& AVALANCE PHOTO DIODE (APD) PHOTO DIODE ‘
o HETROSTRUGTURE AVALANCE PHOTO DIODE (HAPD) | X

'all

' | STANFORD
| l TELECOMMUNICATIONS INC. :




OPTICAL RECEIVER ALTERNATES FOR LASER COMMUNICATION SYSTEM (CONT'D)
CHARACTERISTICS OF PRINCIPAL DETECTORS

The chart Tists principal detsctors and their characteristics and a com-
parative evaluation. The Heterostructure Avalance Photo Diode Detector
(HAPD) appears to be the most attractive candidate but needs development
for Satallite applications.
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OPTICCAL RECEIVER ALTERNATES FOR LASER COMMUNICATION SYSTEM DESIGN (CONT'D)

CHARACTERISTICS OF PRINCIPAL DBETECTORS

DETECTOR
DYNAMIC CROSSFILED PHOTOMULTIPLIER

(DCFP)

AYALANCE PHOTO DIODE
{(APD)

HETEROSTRUCTURE AVALANCHE PHOTO DIODE
(HAPD)

3

N . STANFORD

CHARACTERISTICS

BULKY
SUFFERS FROM LIFETIME PROBLEM
SUITABLE FOR HIGH DATA RATES

COMPARED WITH DCFP IT OFFERS
- SPACE SAVING

- WEIGHT SAVING

~ REDUCED POWER REQUIREMENTS

* COMPARED WITH DCFP

~ CURRENT APD DETFCTORS ARE INFERIGR FOR
HIGH DATA RATE APPLICATIONS

THESE ARE ATTRACTIVE CANDIDATES
~ FAST RESPONSE TIME (< 30 ps RISE TIMF)
- SUITABLE FOR HIGH DATA RATES
~ HIGH QUANTUM EFFICIENCY (95% & 0.53 um)
- USABLE IN 0.4 TO 1.8 um WAVELEKGTH BAND

BUT KEED DEVELOPMENT FOR S/C APPLICATIONS

)

L! TELECOMMUNICATIDNS INC.




COMMUNTICATION ELECTRONICS SUBSYSTEM FUNCTIONAL DIAGRAM

(INDICATING TECHNOLOGY ITEMS) ;}
The Tunctional prck diagram shows a representative design of a communica- f
tions Electronics Subsystem for a Laser Communication Subsystem and jts
interfaces with other Subsystems. The various blocks of this diagram indi- 7 ;
cate candidates_ for the technology items which_ are discussed later. .
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| (,’r— _ CUMHUNICATIUN ELECTRONICS SURSYSTEM FUNCTIONAL DIAGRAM
(INDICATING TECHNOLOGY ITEMS)
R 1 L
T * EOHDITIONER . MILTIPLEXER - LASE‘;;!'C'&ET%';M 10
i) . g * MODULATOR
A . - .
T o _
A —_] ’ -

! [ — T

==
— FROM: AUX: CLOCK - i
1 N N \ ; ’
N CENTNAL: AUX: DATA CHD:  REC
1 PROC: CMUS o
% - - T I * T
* ] y ' )
Ly . A
;
i - ——
£ _ DATA . iy ¢
_ | REcOVERY | - SIGNAL
2 w1 DETECTOR » ELECTRONECS - DEMULTIPLEXRER . CONDITIONER . ;{
. D n
A © N
T s . N
A 3
3= ——3— |
1 | _ 5
| : “T0 E |
CERTRAL €
PROC,
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COMMUNICATION ELECTRONICS SUBSYSTEM TECHNOLOGY

The chart identifies the critical technology issues and the R&D efforts
needed for a communication Electronics Subsystem of a Laser Communication
System. This electronics Subsystem consists of two parts: The Recaiver
Electronics and the Transmitter Electronics. The critical tachnology
issues and the RRD efforts needed for their resolution to enable TDAS
implementation are Tisted on the basis of the key components of these two
parts.
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ASSEMBLY

TRANSMITTER
ELECTRONICS

RECEIVER -
ELECTRONICS

COMMUNICATION ELECTRONICS SUBSYSTEM TECHNOL 06Y

KEY COMPONENTS AND USE

CONSISTS GF:THE FOLLOWING COMPONENTS

~ ~ INPUT SIGNAL CONDITIONER

- MULTIPLEXER
- LASER INTERFACE CIRCUITRY

INPUT SIGNAL CONDITIONER PRESCALES
AND- SAMPLES THE SIGNAL, ENSUING DATA
IS MULTIPLEXED BY A HIGH SPEED MULTI-
PLEXER ALONG WITH HOUSEKEEPING, TELE-
METRY AND RANGE DATA. LASER INTER-

FACE CIRCUITRY PROVIDES PRECISION

RETIMING (DERIVED FROM LASER PULSES)
FOR THE MUXED DATA AND MUX CLOCKS
PHASE LOCKED TD THE LASER MASTER
CLOCK.

CONSISTS OF THE FOLLOWING COMPONENTS

- DETECTOR INTERFACE _
~ DATA RECOVERY UNIT (DRU)
~ DEMUX

DETECTOR INTERFACE IS THE ELECTRONIC
PORTION WHICH INTERFACES WITH THE OP-

TICAL PORTION OF THE RECEIVER. DRU AGC

AMPLIFIES OPTICAL DETECTOR OUTPUT DE-
MODULATES AND REGENERATES THE DATA
STREAM. -
REMOVES STUFF BITS, SMOOTHS DATA AND
DEMUXES OVERHEAD DATA

\ W] STANFORD
Ll TELECOMMUNICATIONS ING.

DEMUX SEPARATES DATA CHANNELS,

CRITICAL
TECHNOLOGY ISSUES

HIGH DATA RATE MUX AND
DEMUX WHICH CAN PERFORM
AS DESIRED WHEN A RANGE
OF DATA RATES ARE IN-
VOLVED WITH AGGREGATE
DATA RATE - 1 GBPS

ELECTRONIL CIRCUITRY
PROVIDING NON-PRECISE
CLOCK AND RETIMING
LIMITS DATA RATE CAPA-
BILITY

DESIGN TECHNIQUES AND
TECHNOLOGY TO ASSURE
DATA INTEGRITY

R&D NEEDED

ARCHITECTURAL CONFIGURATION

AND DESIGN OF MUX/DEMUX
SUITABLE FOR HANDLING 1

GBPS DATA IN SPACEBORNE ENV.

INVESTAGATE HIGHER -ORDER

PHASE LOCKED LOOPS AND THE

EFFECT OF PHASE NOISE TO
ACHIEVE REQUIRED CLOCK/
TIMING PRECISION

—
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ATTRACTIVE ALTERNATIVES

As a result of the Laser Communication System techhology assessment effort,
some attractive alternatives have emerged for System implementation. These
are listed in the chart.
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ATIRACTIVE ALTERNATIVES

° USE OF GaAS LASERS

o  USE OF OPTICAL POWER COMBINING METHODS TO ENHANCE GaAS LASER
OUTPUT

) EMPLOY PULSE MODULATION AND DIRECT DETECTION
] LOW POWER BEACON, SQUARE SCAN ACQUISITION S/S DESIGN

) USE OF ALLOY HETEROSTRUCTURE PHOTC DIODE DETECTOR.
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ADDITIONAL LASER COMMUNICATION S/S UNIQUE R&D NEEDED

o]

Based upon the R&D needs identified in the tachnology assessment effort and
relevant developments taking place elsewhere in the NASA and industrial sac-

tors, the additional Laser Communication S/S unique R&D afforts needed for
realizing TDAS are Tisted.
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ABDITtﬂNAL LASER CGMM: S/S UNIQUE R & D NEEDED

DEVELOPMENT OF:
e  GaAS LASERS WITH INCREASED OUTPUT AND FREQ: STABILITY

* OPTICAL POWER COMBINING TECHNOLOGY WITH HIGH MECHANICAL
STABILITY FOR TDAS USE '

. LOW POWER BEACON ACQ/TRK S5/S AND ASSOCIATED PROCESSOR

e ALLOY HETEROSTRUCTURE PHOTO DIODE DETECTORS

== N| STANFORD

LI TELECOMMUNICATIONS iNC.
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SUMMARY/CONCLUSIONS

A summary of the results and conclusions resulting from the Lasar Communica-
-~ tion System tachnology assessment effort are listed on the chart,
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SUMMARY /CONCLUSTONS

] { ASER COMM: SYSTEMS FOR SPACE USE FEASIBLE

] LASER LINKS WILL SIGNIFICANTLY ENHANCE TDAS
CAPABILITIES

® HIGH EFFICIENCY LASERS POSSIBLE

] ALLOY HETEROSTRUCTURE DETECTORS SHOW PROMISE OF
HIGH PERFORMANCE .

STANFORD
| TELECOMMUNICAT!ONS INC.
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2.2.4 SWITCH TECHNOLOGY

The elements addressed in this section of the report are identified.
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STANFORD

SWITCH TECHNOLUGY

?

’SWITCH REQUIREMENTS FOR TBAS
FUNCTIONAL BLOCK DIAGRAM
DESIGN ALTERNATIVES
SUMMARY/CONCLUSIONS

SWITCH MATRIX TECHNOLOGY

- CRITICAL TECHNOLOGY- ISSUES
- R&D NEEDED

ADDITIONAL SWITCH UNIQUE R&D NEEDED

TELECOMMUNICATIONS INC.
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SWITCH. REQUIREMENTS FOR TDAS

The reguirements of the switch to be provided on the TDAS S/C to route any
of N input signals (coming from TDAS user S/C) to any of M output signals
corresponding to M lecations on the ground are Tisted in the chart.

The switch dimensions are derived on the basis of accpeting nominally
thirty (30) inputs and previding return signals to nine (9) ground Toca-
tions. ATthough it is not a hard requirement, it is desirable to examine

the possibility of 2-way switch operation with the role of M and N reversed.

The switch is required to operate at an Intermediate Frequency (IF) band,
and the bandwidth capability is required to be in excess of 1 GHz.
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SWITCH REQUIREMENTS FOR TDAS

s DIMENSIONS: N - INPUTS, N > 30
M - OUTPUTS, M > 9

¢  DIRECTIONALITY: ONE WAY N XM
' ' (POSSIBLY) TWO WAY M X N

e OPERATIONAL FREQUENCY: | : IF

o DBANDWIDTH: . > 1 &HZ

1

\- M) STANFORD | ' |
-- TELECOMMUNICATIONS INC. | -



BASIC SYSTEM DIAGRAM

A simplifiad basic system Jdiagram incnrporating the switch is shown. There
are N inputs coming into the switch and M outputs routed by the switch to
the Multiple Beam Antenna (MBA) through the RF subsystems after upconver~
sion to the desired operational frequency for the TDAS satellite-to-ground
transmission. (The input signals to the switch are assumed to be downcon-
vertad to IF.) The upconvertars are necessary because the switch works at
IF. The traffic routing is controlled by the Distribution Control Unit
(switch intelligence and Control).
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BASIC SYSTEM DIAGRAM
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1
A |
H - - UPCONY. 1 RFS/S 1
h 2 — N x M UPCONY. 2 RFS/S 2
1 1F . . . MULTI-BEAM
INPUT SWITCH ] ANTENNA
5 ) . L] P '
N ' * *
n.
=
& N UPCONY. M RFS/S M

!

DISTRIBUTIGN CONTROL
UNIT {SW INTELLIGENCE
AND CONTROL
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ALTERNATE SWITCH MATRIX ARCHITECTURES

In the technology assessment effort, four (4) alternate switch matrix
architectures were considered, namely:

Single pole multipie throw
Rearrangeable switch

Fan out/fan in

Coupler crossbar.

The advantages and disadvantages of each of thesé architectures were con-
sidered; a comparisan of these js listed. On the basis of this comparison,
the coupler crosshar architecture is identified to be the preterred choice.
(These four chaices were considered because the NASA sponsored work which
is referenced, identified them as the viable alternatives.)
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ALTERNATE SWITCH MATRIY ARCHITECTURES

TYPE ADVANTAGES

SINGLE POLE MULTIPLE THROW LOW INSERTION LOSS

REARRANGFABLE SWITCH LOW- INSERTION LOSS
: - LESS SWITCHES NEEDED

| g  FAN OUT/FAN IN REL IABLE

COUPLER CROSS/BAR” COMPACT
S REL IABLE

LOW INSERTION LOSS POSSIBLE
LOW VSWR
LEAST SIZE/WEIGHT

PREFEARED CHOICE.

SATELLITE SYSTEMS.

DISADVANTAGES

POOR RELIABILITY

POOR RELIABILITY
CONTROL ALGORITHM COMPLICATED

HIGH INSERTION LOSS
HIGH INPUT VSR

LOW ISOLATION

BROADBAND (= 2.5 GHZ) COUPLERS
REQUIRE DEVELOPMENT

REF: .SPACECRAFT IF SWITCH MATRIX FOR WIDERAND SERVICE APPLICATIONS IN 30/20 GHZ COMMUNICATION
INTERIM TASK I REPORT: CONTRACT NO. NAS3-22501 NAS/LEWIS RESEARCH CENTER.

\ [® =™=®) sTanNFORD
| \ L l TELECOMMUNICATIONS INC.
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COUPLER CROSSBAR SWITCH

A simplified functional diagram of tha coupler crosshar switch, based upon
the architecture identif{ed to be the preferred choice, is shown. The
switch contains a switching device at each crosspoints the switching
devices are designated by SW with associated numerals which identify the
Crasspaint. For example, the numeral 12 in SW12 identifies the switching
element at the crosspoint of Input #1 and Qutput #2. If Input #1 is tg

be routed to Output #2, the switching element SW12 will be closed, thus

providing a signal routing path from Input #1 to Qutput #2,
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CROSSBAR SWITCH DESCRIPTION

An overal] description of the crossbar switch is listed in the chart. It
includes the highlights of the architecture, the manner in which switching -
elements and couplers at each crasspoint act to establish a routing path !
thradgh tha switch, and an identification of the feature that a signal on -
any input line can be simultaneously connacted to any number of cutput 1
Tines with no change in the output power level.
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CROSS-BAR SHITCH DESCRIPTION )

PROVIDES SNITCHING_UF N TDAS SIGNALS TO M MBA BEAMS (SWITCHING OF M UPLINK SIGNALS TO N TDAS OUTPUTS
IN CASE OF 2-WAY SWITCH)

WORKS AT INTERMEDIATE FREQUENCIES 7

CROSS-BAR ARCHITECTURE HAS INPUT AND OUTPUT TRANSMISSION LINES FORMING A MATRIX WITH N X M CROSS-POINTS
AT EACH CROSS-POINT THERE IS ONE APPROPRIATE SWITCHING DEVICE FOR 1-WAY/2-WAY DESIGN

DUAL GATE GaAs MESFET SWITCHING DEVICE PERFORMS SWITCHING AT THE SAME TIME PROVIDES GAIN

IF AT A CROSS-POINT, SWITCH IS CLOSED, THE COUPLED SIGNAL IS AMPLIFIED AND THRU A SECOND DIREGTIONAL
COUPLER COUPLED TO CORRESPONDING OUTPUT TRANSMISSION LINK

IF AT A CROSS POINT, SWITCH IS OPEN, THE SIGNAL IS REFLECTED INTO THE LOAD AT THE OTHER END OF THE
FIRST COUPLER AND IS. NOT COUPLED T0 THE QUTPUT LINK :

THE TWO COUPLING COEFFICIENTS OF INPUT AND OUTPUT COUPLERS ARE ADJUSTED SUCH THAT THE POWER AT THE
INPUT TO DUAL GATE MESFET IS CONSTANT FOR ALL CROSS-POINTS

BECAUSE OF THE ADJUSTMENT OF COUPLING COEFFICIENTS OF OUTPUT COUPLERS, THE POWER AT THE OUTPUT PORTS
OF THE MATRIX IS ALSO CONSTANT

INSERTION LOSS OF THE MATRIX IS CONSTANT AND INDEPENDENT OF THE CONNECTION PATH

SIGNAL ON THE INPUT LINE CAN BE SIMULTANEOUSLY CONNECTED TO ANY NUMBER OF OUTPUT LINES WITH NO CHANGE
IN THE OUTPUT POWER LEVEL

AT EACH CROSS POINT, SAME AMOUNT OF IF POWER IS EXTRACTED FROM INPUT AND TRANSMITTED TO THE SWITCHING

- ELEMENT IRRESPECTIVE OF SWITCH STATUS (ON OR OFF)
| WHEN “ON" SIGNAL IS AMPLIFIED AND TRANSFERRED TO OUTPUT COUPLER

.NHEN "OFF" POWER IS DISSIPATED INTO TERMINATION OF THE FIRST COUPLER AND NO POWER IS TRANSFERRED T0
.- OUTPUT COUPLER ' !

J

\ ma ¥) STANFORD
N\ L i TELECOMMUNICATIONS INC.



ALTERNATE SWITCHING DEVICES

Before implementing the switch, two design choices are t9 be made. One
is the jdentification of the architecture to be used, while the other is
to choose an appropriate switching device., A comparison is presented of

four (4) candidate switching devices on the basis of the following key
parameters:

Speed

Insertion gain

Device isolation

LC power requirements
Size/weight.

The Dual Gate GaAs MESFET is identified as the preferred choice.
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ALTERNATE SWITCHING DEVICES

- , RELATIVE
SWITCHING | INSERTION DEVICE DC POWER SIZE,
TECHNOLOGY SPEED ~ GAIN ISOLATION |  REQUIREMENTS WEIGHT
FERRITE 0.1~ ns | -0.25 dB 15 dB HIGH CURRENT LARGE,
o | (1A) HEAVY
[ - PIN DIODE 10-100 ns | -0.25d8 | 20 dB LOW VOLTAGE SMALL,
- - - ~ LOW CURRENT LIGHT
-z (]D ma) '
& 1. gaAs MESFET 0.1~1 ns -3 dB 10-15 dB LOW VOLTAGE SMALL,
o | (3V) LIGHT
LOW CURRENT
(10 ma)
DUAL GATE 0.1-1 ns +15 dB 25-30 dB LOW VOLTAGE SMALL,
" Gahs MESFET | (3V) L IGHT
| LOW CURRENT
(30 ma)
PREFERRED CHOICE.
- REF: LOC CIT NASA/LEWIS RESERACH CENTER

. \\ i WX M) STANFORD
| ) 4 }| TELECOMMUNICATIONS INC.



ONE-WAY CROSSPUINT DESIGN

The chart shows a simpiified functional block diagram of a possible cross-
paint switch suitable for use when a one~way (input-to-output) operational
capability is required. It suffices to show the design at only one cross-
point of an NxM switch., At the crosspoint, both the input and output bars
contain a directional coupier. The signal from iths input bar can be coupTed

to the output bar only when the “wo (2) AMP/SWITCH units are closed. If the

AMP/SKITCH units are not closad, no signal is coupled from the input to tha

output; thus, the routing path which required this particular crosspoint to
be closed can not be established.
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TWO-WAY CROSSPOINT DESIGN

The érosspoint design of a switch with a two-way (input == output) opera-
tional capapility is different from that of a one-way (input —» output)
switch. The figure shows the functional block diagram of a possible cruss-
point switch suitable for use with a two-way operational capability.

From an architectural viewpoint, the dasign is the same as the one-way
crosspoint design depicted in the previous chart. However, to provide a
two-way operational capability, there are two directional couplers in the
input and output bar at each crosspoint. (It suffices to show the design
at only one crosspoint of an NxM switch.) 'Also, there are two sets of
AMP/SWITCH units. This provides a set of directional coupler plus AMP/
SWITCH units for each direction of transmission. Solid arrows on the
directional couplers show the directionality of signal coupling between
the directional coupler and the AMP-SWITCH for the input-output direction
of operation. The dotted arrows depict the same for the‘reverée direction
of operation.
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SUMMARY/CONCLUSIONS

In assessing the switch technology to satisfy the TDAS requiremants, the
Tisted summary/conclusions were obtained,
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SUMMARY/CONCLUSTONS

COUPLER CROSS-BAR ARCHITECTURE IS MOST SUIGABLE FOR BOTH
1-HAY/2-WAY SWITCH

2-WAY SWITCH APPEARS FEASIBLE

DUAL GATE GaAs MESFET SWITCHING ELEMENTS ARE MOST SUITABLE

COMPACT MMIC DESIGN POSSIBLE

TELECOMMUNICATIONS INC.




COUPLER CROSSBAR SWITCH MATRIX TECHNOLOGY:

Technology issuas which resulted from the technology assessment effort are

Tisted in the next two charts, along with the R&D efforts needed to resolve
these issues. The identification of technology issues and the R&D afforis

needed to resolve them fTor the switch subSystém assembly is broken down on

the basis of the following components:

® Switen:

- Directional couplers
- Input ccupliers |
~ Qutput couplers

- 3Switching device

- Crosspoint des?gn

. Distibution Contrel Unit:

- Switch control decoder
-~  Freguency synthesizer control unit
- Freguency converters.
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COUPLER CROSSBAR SWITCH MATRIX TECHNOLOGY (CONTINUED)

The technology issue arising out of directional couplers (which include
input couplers and output coup]ers)'is'the difficulty of maintaining con-
stant power levels at the switch crosspoints to achieve constant power
levels at the switch output. Coupling coefficient inaccuracies prevent
achieving constant power'1eve1s. Current technology permits approximately
0.1 dB coupling errors which yield unacceptable power jevel variations.

The R&D efforts needed to resolve this problem is to improve coupler fabri-
cation techniques with the objective of enhancing coupling coefficient
accuracy.

The only technology issue regarding the preferred switching device (Dual
Gate GaAs MESFET) is its vulnerability to space radiation effacts which
alter its operating characteristics. The R&D effort needed to resolve the
issue is the determination of required shielding thickness so that the
space radiation reaching the electronic components is at # low enough level
to not affect their performancs.

PRECSDING PAGE BLANK NOT FIEMED
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ASSEMBLY

SWITCH:

Ll

COUPLER-CROSSBAR SWITCH MATRIX

KEY COMPONENTS AND USE

INPUT COUPLERS: USED TG DIRECT
- INPUT IF SIGNAL FROM THE INPUT
" TRANSMISSION LINE TO THE SWITCH

INPUT

TECHNOLOGY

CRITICAL TECHNOLOGY ISSUES

MICROSTRIP DIRECTIONAL COUPLERS: BUE TO COUPLING, COEFFICIENT

INACCURACIES OF - 0.1DB AVAIL-
BLE WITH CURRENT TECHNOLOGY
CONSTANT POWER LEVELS AT
SWITCH CROSSPOINT CAN NOT BE
MAINTAINED

OUTPUT COUPLERS: USED TO DIRECT

SWITCHED IF SIGNAL FROM THE
SWITCH OUTPUT TO THE OUTPUT

TRANSMISSION LINE

_DUAL GATE GaAs MESFET: USED AS SPACE RADIATION CAN CHANGE

THE SWITCHING DEVICE

STANFORD

THE OPERATING CHARACTERIS-
TICS OF THE FET

R&D NEEDED

IMPROVE FABRICATION OF
COUPLERS SO THAT COUP-
LING COEFFICIENT IS5 AS
INVARIANT AS POSSIBLE
OVER THE REQUIRED BAND-
WIDTH -

DEVELOPMENT OF PROPER
SHIELDING TO MINIMIZE
THE RADIATION EFFECT

TELECOMMUNICATIONS INC.
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COUPLER CROSSBAR SWITCH MATRIX TECHNOLOGY (CONTINUED)

If a Switch with a two-way operational capability is to be provided

on the TDAS S/C, it is equivalent to providing two (2) one-way Switches.
The consequent doubling of Size and weight emerges as the technology
issue, and the needed R&D effort is the development of a miniaturized
two-way Switch using MMIC (monolithic minfaturized integrated circuit)
technology.

The Distsribution Control Unit (DCU), key components of which were pre-
viously enumerated, is an important element of the Switch. The DCU
provides intelligence and control functions for operating the Switch.
For the Switch Control decoder component, hecause of the simplicity

of its design, no problems are foreseen. Therefore, there are no tech-
nology issues, and no R&D effort is needed. The frequency Synthesizer

Control Unit is intended to assign intermediate frequencies for providing
Switch connectivity according to an appropriate algorithm. This algorithm

should provide conflici~free frequency assignments. This requiremant

15 the main technology issue, the resolution of which requires development

of an optimaTl algorithm.
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ASSEMBLY

DISTRIBUTION
CONTROL UNIT
“{pcuy

COUPLER-CROSSBAR SWITCH FATRIX
TECHNOLOSY (conT’p)

- - CRITICAL
KEY COMPONENTS AND USE TECHNOLOGY ISSUES
2-WAY CROSS POINT: SWITCHING DE- SWITCH MATRIX SIZE
VICE USED TG PROVIDE 2-WAY OPERA- DOUBLES
TION
SWITCH CONTROL DECODER: CONVERTS  NON-STRINGENT TIMING

CONTROL BLOCKS TO DC SWITCH CONTROL REQUIREMENTS MAKE DE-
VO! TAGE AT EACH CROSSPOINT’ CODER DESIGN STRAIGHT-
FORWARD. NO PROBLEMS

FORESEEN.
FREQUENCY. SYNTHESIZER CONTROL UNIT:  THIS COMPONENT MUST
CONTROLS THE IF FREQUENCIES OF THE HAVE A FREQUENCY AS-

INPUT SIGNALS ' SIGNMENT ALGORITHM
' WHICH MAY BE EXECUTED
ON BOARD. OR ON GROUND
AND SHOULD BE BANDWIDTH
EFFICIENT AND CONFLICT-

FREE
FREQUENCY CONVERTERS: USED FOR CON- SPURIOUS SIGNALS PRO-
VERSION OF RF SIGNALS TO IF BEFORE DUCED MUST BE MINIMAL.
SWITCHING. CONTROLLED BY THE FRE- BECAUSE THERE MAY BE UP
QUENCY SYNTHESIZER_CONTROL UNIT. TO N CONVERSIONS, THE

SIZE OF THE CONVERTERS

R&D NEEDED

DEVELOPMENT OF MINI-
ATURIZED 2-WAY SWITCH
USING MMIC TECHNOLOGY
TO REDUCE SIZE

DEVELOPMENT OF AN OP-
TIMAL ALGORITHM

DEVELOPMENT OF SMALL,
FREQUENCY CONVERTERS
COMPATIRLE WITH THE

SWITCH MATRIX IF RANGE.

we W] STAMFORD | . .
’ Ll  TELECCMMUNICATIONS INC. SHOULD BE MINIMUM,



COUPLER CROSSBAR SWITCH MATRIX TECHNOLOGY (CONTINUED)

Regarding the frequency converters, two technology issues emerge when
the Switch is to be implemented. These are the production of Spurious
Signals and the Size and weight of frequency converters which become
more critical as the Switch dimensions increase. The R&D effort needed
to settle these issues consists of the development of small frequency
converters with Tow spurious outputs.
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ADDITIONAL SWITCH UNIQUE R&D NEEDED - ;

On the basis of the R&D needs identified to resolve the technology g
issues and other developments in the Switch and relatad areas now taking
place, the additional Switch unique R&D efforts needed are 1isted. ' }?

i

e
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ADDITIONAL SWITCH UNIGUE R&l NEEDED

L DEVELOPMENT OF

CROSS-BAR ARCHITECTURE SWITCH
BROADBAND SWITCHING ELEMENTS (>2.5 GHZ BW)

DIRECTIONAL COUPLERS WiTH PRECISE COUPLING
COEFFICIENTS OVER THE ENTIRE BAND

SWITCH INTELLIGENCE AND CONTROL UNIT

SPACE RABIATION PROTECTIVE SHIELD

. TELECOMMUNRCAWONS INC..
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2.2.5 MBA TECHNOLOGY

The elements addressed in this saction of the report are Tisted,
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MBA TECHNOLOGY

~®  MBA REQUIREMENTS FOR TDAS
. FUNCTIONAL BLOCK-DIAGRAM
®  DESIGN ALTERNATIVES
. SUMMARY/CONCLUSIONS.

®  TECHNOLOGY OF KEY COMPONENTS

- CRITICAL TECHNOLOGY ISSUES
- R&D NEEDED

] ADDITIONAL MBA UNIQUE R&D NEEDED

STANFORD | a o |
TELECOMMUNICATIONS INC. | . |



MBA REQUIREMENTS

The requirements of the multiple beam antenna (MBA} to be provided on the
TDAS S/C to interface with ground locations are listed. OQut of foup (4)
Scannable feeds, three (3) will be operational while the fourth will be a

t
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MBA REQUIREMENTS

FREQUENCY 30/20 GHZ
| | | GAIN > 45 DB @ 20 GHZ
POLARIZATION DUAL
= _
5 COVERAGE CONUS LOCATIONS
o
& |
7 FEEDS 5 - FIXED FEEDS

4 - SCANNABLE FEEDS

|

\ M| STANFORD
| I TELECOMMUNICATIONS INC.



MBA MODULE

The functional block diagram of the MBA module and the Subsystem that it
interfaces with are shown. The figure depicts a module for receiving four
(4) inputs and Switching them to four (4) MBA feeds. However, in its actual
Tmplementation the module design will incorporste a N ¥ M Switch, where the
number of inputs (n) may be as many as 30 and the number of outputs (M) may
be as many as nine {9). The Switch works at intermediate frequencies {IF)
under the contro] of the Switch Contro] and Intelligence Subsystem. The
Frequencies of the incoming éigna1s are converted to IF before the signals
are routed through the switch. At the output of the switch, the signals at
IF frequencies are appropriately up converted for downTink transmission.
through the Multiple Beam Antenna (MBA).
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(1) THE SWITCH IS NOT RESTRICTED TO 4x4 (nxm SWITCH CAN BE -IMPLEMENTED; n>4, m -» 5).
(2) PROVIDES WSGT KNOWLEDGE THAT VARIOUS CONUS LOCATIONS ARE RECEIVING DATA.

(3) ABILITY TO SWITCH WSGT TO OTHER FEED IN CASE OF FAILURE IS NOT SHOWN.
(4) MOVEABLE FEEDS NOT SHOUN.
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DESIGN ALTERNATIVES

In order to transfer data from the TDAS to the ground Tocations, ssveral
alternatives exist for the MBA design. The areas in which these alterna~
tives exist are Iisted as:

(] The type of multiple beam antenna

) A single reflector antenna or an antenna consisting of a main
reflactor and a subreflector

. The antenna feeds.
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NUMBER QF MBA'S PER TLAS

The table summarizes the impact of using one or two MBA's per. TDAS Satel-

1ite, and alternative feed allocations in these two cases, on the total
number of feeds on each antenna on electrical performance, and on spacae-
craft integration.
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HUMBER OF MBA'S PER TDAS
NHO. OF SEPARATE TOTAL HO. p TOTAL HO. ELECTRICAL 1 SPACECRAFT
RS ANTEHNA 1 OF FEEDS AHTENNA 2 OF FEEDS PERFORMMICE | INTEGRATION
1) one 5 “2:5f'°ﬁ T'f'aml R
- at 25 Ghiz freq.
9 NA HA
:ttlgsfg;‘lsz:Eﬂ R Performance is
' freq. compromised, Light
i Hore complex [ gh e"i:
design and ower ? Ow-
2} one: ‘5 FF for T at 20 tplementation, | 298 volume.
B ' Gliz. 5 FF for R
at 38 Gllzéu ?“HF 18 lHA HA
for T at llz. :
4 MF for R at -?1 %
30 GHz 8 o)
_ o%
3) two 5 FF for Tat 5 FF for R 2 ‘_';
: Gliz. MF at 30 o,
“for T at 20 Gliz 3 4 MF for R 8 [
o at 30 Gliz | Meavy, High =e
Good EE Perfor- [ Stowage e [
— mance. Fasfer | vOlume. i &
) two 5 FF for T 4 NF for T to implement.
‘ak 20 Gjiz. 10 at 20 Giz.
5 5 for R 4 MF for R 8
@t 30 Gz at 30 6lz
'FF = FIXED FEED
ST = TRANSHIT
R = RECEIVE
MF = MOVABLE FEED -
| STANFORD
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ANTENNA TYPES

The suitability of the various antenna types investigated for use as the

MBA for the TDAS Satellite is summarized.
each antenna type are identified.
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ANTENNA TYPES

TYPE ' ADVANTAGES/DISADVANTAGES (+)

" PHASED . ARRAY | + &  MULTIPLE BEAM FORMING NETWORKS REQUIRED FOR 30 AND 20 GHZ
| + o BEAM FORMING NETWORK IS COMPLICATED
+ o  DIFFICULT TO OBTAIN MULTIPLE INDEPENDENT SCANNABLE BEAMS
+ 8  GRATING LOBES APPEAR
+ o TO AVOID GRATING LOBES LARGE NUMBER OF ELEMENTS ARE NEEDED.

< - LENS o  HEAVY (DEPENDENT UPON MATERIAL USED AND GATN REQUIREMENT)
R | »  W/G LENS '

e - BW CAPABILITY IS < 3%

o

! | | - DESIRED MANUFACTURING TOLERANCES ARE DIFFICULT TO HOLD
" | | a  DIELECTRIC LEWS
~UNSUITABLE FOR WIDE SCAN ANGLES.
© REFLECTOR o  LIGHT
| @  GOOD EFFICIENCY

o N0 GRATING LOBE PROBLEMS -

o  ALTERMATIVE CONFIGURATIONS POSSIBLE

o ALTERNATIVE FEED/SCANNING TECHNIQUES POSSIBLE.

~

\ m| STANFORD
'- l TELECOMMUNICATIONS INC.




SINGLE/DUAL REFLECTOR MBA

Bath the ciuaI and single reflector MBAs appear promising.
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TYPE

- DUAL REFLECTOR
(MAIN REF. + SUB REF.)

SINGLE REFLECTOR

(NO SUB REF., FRONT
- FED MAIN REF.)

~i

SINGLE/DUAL REFLECTUR MBA

ADVANTAGES/DISADVANTAGES (+)

HIGH EFFICIENGY

LOW SIDELOBE LEVELS

LOK GAIN DEGRADATION DUE TO SCANNING

HIGH COST

HIGH COMPLEXITY

DIFFICULT TO HOLD ALIGNMENT OF DUAL REFLECTORS

DESIRED MANUFACTURING TOLERANCES ARE DIFFICULT TO HOLD.

- LOW EFFICIENCY

HIGH STDELOBE LEVELS

HIGH GAIN DEGRADATION DUE TO SCANNING

LOW COST

LOW COMPLEXITY |

ACCURATE ALIGNMENT POSSTBLE

DESTRED MANUFACTURING TOLERANCES ACHIEVABLE.

-

| M) STANFORD - |
N[ Y ] TELECOMMUNICATIONS INC.
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FEEDS

The feed subsystem is an Jimportant component of the Multiple Beam Antenna
(MBA) System and governs its performance. Feed elements are used to syn-
thesize feed subsystams which illuminate the main ref1ector and subrefTec-
tor, A single feed element may be circular op square in cross section.
The feed subsystem may be a cluster of feed elements having a triangular
Or square grid configuration as shown in the chart. Also identified are
the prom1s1ng candidate fead element and feed cluster and the characteris-
tics of each.
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 FEEDS

B — e

TYPE

CANDIDATE REASON

SINGLE FEED
CIRCULAR

VsS. 1.5% x 1.5x
SQUARE FEED

. SQUARE FEED HAS LESS CROSS POLARIZATION

SQUARE . SQUARE FEED HAS BETTER POLARIZATION ALIGNMENT

® SQUARE FEED PROVIDES HIGHER EFFICIENCY,

FEED CLUSTER

GRID

. SQUARE GRID* - TRIANGULAR o . A GRID HAS SMALLER CLUSTER, LESS OVERLAP LOSS

. Vs, - GRID
- TRIANGULAR(a) ] A GRID HAS SMALLER NUMBER OF ELEMENTS IN CLUSTER

WHICH MAKES A SIMPLER BFN.

FEED CLUSTER CONFIGURATION.

M) STANFORD

6] 7 | 78|

2|13 213

a|s| , 6148
TRIANGULAR GRID SQUARE GRID

NOTE:  FOR SOME PERFORMANCE TRIANGULAR GRID REQUIRES
LESS ELEMENTS. (AS AN EXAMPLE, RATIO OF NUMBER
OF ELEMENTS IS =7:9), .

T e B i 200 e e et <

Ll TELECOMMUNICATIONS INC,



SCANNABLE FEED APPROACH/BACK-UP CAPABILITY

The chart documents the results of investigations conducted to identify
candidate approaches for scanning movable feeds and means by which feed
back-up capability can be provided. In order to make the MBA flexible in
transferring data to chosen Tocatians in CONUS, in addition to fixed beams
provided by fixed feeds, a total of four (4) Scannable feeds can be rea-
sonably provided Qut of these four, three could be operational and would
be a back-up. Machan1ca1 Scanning is a preferable approach, and back-up
capability can be provided by a design that provides overlapping coyerage
for movable feeds. (In addition, movable feeds may be designed to have a
large scan angle capability to provide back-up for covering a larger area
at the expense of reduced gain).

VII-2-344

SO0 A |

,3

A -
[ et

ey

7
[

3

[

;

e

Ey--3

.
i
u g

bk foreed

g




GhE~2-T1A

( | SCANNABLE FEED APPROACH/BACK (P CAPABILITY

. MECHANICALLY SCANNABLE FEED"
ONE MECHANICALLY MOVABLE FEED FOR EACH
OF FOUR SCAN REGIONS OF CONUS

- NE
- N
~ SE
- SW

THE STEER ANGLE FOR EACH FEED

- 2DEG E-W
- 1DEG H-S

PER SCAN REGION
®  ELECTRONICALLY SCANNABLE FEEDS

] BACK.Up CAPABILITY

~ DESIGN THAT PROVIDES OVERLAPPING
COVERAGE FROM 4 MOVABLE FEEDS

- DESIGN ALL 9 FEEDS TO BE MOVABLE

(@ ™=RE) STANFORD - ._* PREFERRED CHOICE BECAUSE OF LESS BLOCKAGE.
J Ll TELECOMMUNICATIONS iNC,



FIXED FEED LOCATIONS

The chart Tists the'resulﬁs.of the efforts conducted to establish the fea-
sibility of implementing one promising candidate MBA configuration (Front-
Fed Single Reflector — No Subreflector) with five (5) fixed feeds corres-
sponding to five (5) fixed CONUS Tocatjons. The assumptions under which
this investigation was carried out are Tisted. Other items Tisted in the
table include the five fixed Tocations, their longitudes and latitudes,
the angle between the antenna boresight and the antenna beams' RF axis
directed at their respective ground locations, and for each ground station
the feed location for the corresponding beam. The feed locations are
expressed both in terms of their angular deviation from the mechanical bore-
sight and in terms of the distance measured in the aperture plane (which
is orthogonal to the mechanical boresight axis) from the-projection of the
focal paint in this plane.
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FIXED FEED LOCATIONS
(FRONT FED SINGLE REF - HO SUB REF COi+16)*

L- - } . GROUND NGLE BETHWEEN FEED LOCATION
: LATITHDE L0
- STATION HBITUDE  vomestant Anp o e PISTARCE TR
THE STATION FOCAL POINT
BSFC 10% % 2:58° 2.32° 5.47 cn
MD )
HOUSTON 29"y 95% 1.36° 1.23° 2.90 cm
T* Q0
A
: 3 &
gg 32% 106%M 1.6° 1.44° 3.39 cm 2 g
N
0=
- . )
= SUNNYVALE
(~ —_ 37.5% 122% 3.26° 2.93° 6.91 cn 28
ro =] =
lﬁ COLORADD =
- SPRINGS 35°% 106% 1.19° 1.07° 2.52 cm
C0
ASSUMPTIONS:

o THE MECHANICAL BORESIGHT OF THE ANTENNA IS POINTING TO (LATITUDE = 39°M, LONGITUDE = 97°W)
o ANTENNA F/D = 0.45

e FREQUENCY = 25 GHZ

¢ BEAM DEVIATION FACTOR = 0.9

[ )

]

'ANTENNA APERTURE DIAMETER = 3 METERS

SATELLITE LOCATION 97° WEST LONGITUDE (ANT. PERFORMANCE PRACTICALLY INSENSITIVE TO' SAT.
LOC. CHANGE OF + 20 DEG) .

STANFORD
TELECOMMUNICATIONS INC.

*® . :
THIS IS AT LEAST ONE TECHNIQUE FOR WHICH RISK IS LOW.
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PROJECTION OF GROUND STATIONS AND FIXED FEED LOCATIONS

The Tigure depicts the Tocations of five (5) fixed feeds and proportionately

the five fixed gorund ocations o witich they respectively CDPrespond. The
Teed and ground Tocations are shown projectad on the operture plane which

is orthgonal to the mechanical boresight axis. ‘The circle drawn is inten-
ded to indicate (not to Scale nor/with raspect to praportionality as used to
show feed and ground locations) the main reflector contour,
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FEFD LOCATIONS

A
B
c
o
£

It

1t

GSFC, MD
HOUSTON, TX
WS, NM
SUNNYVALE, CA

= COLORADD SPRINGS, CO

STANFORD

M
WS
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SUMMARY/CONCLUSION

The A summary of the results of MBA technology assessment effort and the
conclusions drawn therefrom are presented.
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SUMMARY /CONCLUSIONS
SINGLE MBA FOR TX/RX DESIRABLE
REFLECTOR ANTENNA 1S OPTIMUM CHOICE
MULTIPLE REFLECTOR (MAIN REF + SUB REF) ANTENNA WILL
REQUIRE CAREFUL FABRICATION TO PROVIDE DIMENSIONALLY
STABLE RIGID STRUCTURE
SINGLE REFLECTOR (NO SUB REF) FRONT FED CONFIGURATION
SHOULD BE THE FIRST CHOICE IF IT CAN SATISFY REQUIRE-
MENTS
SQUARE FEED ELEMENTS IS OPTIMUM CHOICE
NINE FEED DESIGN APPEARS DOABLE
®  MECHANICALLY SCANNABLE FEED PREFERRED
STANFORD
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MBA TECHNGLOGY

Technology issues which resulted from the technology assessment effo}t are

listed, along with the R&D efforts needed to resolve these issues. Identi-

fication of tachnology issues and the associated R&D efforts needed is bro-
ken down on the basis of the following components of the MBA Subsystem:

. Ref1ectur/subref19ctor
» Feed Subsystam
L Support Structures

The technology issues related to the Reflector/Subrefiectar of the MBA are
related to the MBA gain and the weight burden in places on the TDAS S/C.
The Reflector/Sybreflector Surface roughness, which s especially critical
at 30/20 GHz band, and the ohmic lossas on their surfaces degrade MBA gain.
Degradation in gain also takes place due to misalignment between the rela-~
tive parts of Antenna Subsystem. The goal .of the needed R&D effort should
be to achieve Refiector/Subreflector surface roughness of approximately
1/32 cm, and their material selection should provide high rigidity, low.
ohmic 1055&53&nd'1ight weight. |
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MBA_TECHNOLOGY \

ASSEMBLY ~ KEY COMPONENTS. & USE

CRITICAL TECHNOLOGY ISSUES R&D NEEDED
MBA\ . REFLECTOR/SUBREFLECTOR- e MBA GAIN DEGRADES DUE TO: ® DEVELOPMENT OF REF/SUBREF
: - COLLIMATE FEED OUTPOT SURFACE ROUGHNESS (REQMTS HAVING:
- INTO FINAL BEAMS. INCREASE WITH FREQ; CRITICAL - 1/32 CM RMS SURFACE
5 30/20 GHZ) SMOOTHNESS
- I4R LOSSES IN REF/SUBREF - HIGH RIGIDITY TO

SURFACE _ _ MAINTAIN ALIGNMENT -
- DEVIATION FROM REQD ALIGN- - LOW LOSS AT 30/20 GHZ
MENT BETWEEN RELATIVE PARTS ~ LIGHT WEIGHT
OF ANTENNA STRUCTURE. ' -

. s MBA PLACES WEIGHT BURDEN ON TDAS S/C
FEED §/S ) o APERTURE ILLUMINATION GAIN e LOW LOSS/LIGHT WT FEEDS

£5e~2-11A

PROVIDE NECESSARY
APERTURE ILLUMINATION
- 70 YIELD REQUIRED ANT:
BEAMS & RADIATION
PATTERNS

SUPPORT STRUCTURES

MAINTAIN REF, SUBREF &
- FEEDS AT THEIR PRECISE
~ LOCATIONS

STANFORD

TELECOMMUNICATIONS INC.

DEGRADES DUE TO
- FEED SURFACE LOSS
- SHAPE DISTORTION
APERTURE BLOCKED BY FEED

LIFE OF MECHANICALLY SCANNABLE

FEEDS IS LIMITED
PLACE WEIGHT BURDEN ON TDAS

DUAL FREQ/DUAL POL FEED TECH
AT 30/20 GHZ HAS NOT ATTAINED
MATURITY

SUPPORT STRUCTURES IN FRONT OF

- REFLECTOR APERTURE DEGRADE APER-

TURE ILLUMINATION & GAIN DUE TO
EM SCATTERING & BLOCKAGE

STRUCTURAL FLEXIBILITY CAUSES
MISALIGNMENT & CONSEQUENTLY

- DEGRADES PERFORMANCE

(CANDIDATE TECH: GOLD
FLATED GFRP)

MECHANICALLY SCAMNABLE
FEEDS WHICH
- CAUSE LOSS BLOCKAGE
- SATISFY TBAS LIFE REQMIS

ENHANCE 30/20 GHZ FEED
DEVELOPMENT TECHNOLOGY

» MCH: DISTORTION FREE FEED

STRUCTURE

IDENTIFICATION OF ADEQUATE
CONFIGURATION & SURFACE
PROPERTIES OF SUPPORT
STRUCTURE & MATERIAL WHICH
CAUSE REDUCED BLOCKAGE &
SCATTERING AT 30/20 GHZ

,/
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MBA TECHNOLOGY (CONTINUED)

enumeratad.

The suppaft'structures, although not functional, nevertheless form an impor-
tant part of the antenna subsystem. The technology issue related to the |
structures is the degradation of the MBA gain due to electromagnetic scat-
tering and blockage due to structural elements and misalignment ¢¢ the
antenna system. Resolution of these issues requires adequate materials,

configurations and surface properties of the suppoert structuras.
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ADDITIONAL MBA UNIQUE R&D NEEDED

Based upon the multiple heam antenna experience bujlt up in the past in
the NASA and industrial sectors and the other ongoing development activi-
ties, the additional MBA unique R&D effort needed is ]isted.

PRECEDING PACE BLANK NOT FILMED
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ADDITIONAL MBA UNIQUE RD HEEDED

DEVELOPMENT OF

LIGHT WT/RIGID REFLECTOR WITH > 1/32 CM RMS
SURFACE SMOOTHNESS

- LOW LGSS/LIGHT WT (GOLD PLATED GRAPHITE FIBER
REINFORCED PLASTIC) FEEDS AND WAVEGUIDES

~  MECHANICALLY SCANNABLE LONG LIFE FEEDS

- DUAL FREQ/DUAL POL FEEDS

TELECOMMUNICATIONS INC.




2.2.6 TDAS CROSSLINK TECHNOLOGY

What appears to be the feasible range of architectures for the TDAS cross-

link has been presented in Volume IV of this report. Some'ranking of alter-

natives has been performed with respect to issues other than the technolog-

ical details of the crosslink mechanism itself. With all that systems

engineering accomplished, we can turn to the subject of evaluating the com-
peting crossiink technologies for TDAS. Dne_subsecfion is devoted to each
of the four under consideration, which are: 60 GHz RF, Nd:YAG laser, COg
Taser, and GaAs Taser.. The crossreferencing between thess and the. archi-
tecture alternatives is summarized in Figure 2-1.

Because the crosslink configurations under discussion are fixed, it will

. be easy to relate the technology features to the areas of architecture in

wnich they have most impact. Rational assessment of technology for this

app11cat1on is made much easfer by the prior fovmuTatTOn of the four alter-
natives A-D, Tisted below.

A: RF Transponder

B: Laser Demod/Remod

C: Laser Transponder, Direct Detection

D: Laser Transponder, Metérodyne Detection.
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FIGURE 2-1: Pairings of crosslink alternatives and applicable technologies.
: The combinations checked in the above table are the ones that

are under study in this section. As each technology exposition

-is given, it will be related back to the crosslink configurations

to which it pertains..

STANFORD
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ALTERNATIVES
A B C D
TECHNOLOGY
i 60 GHz RF J/ J/
h Nd:YAG Laser ‘/
' 602 Laser : \/ ._?1 -_}%
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60 GHZ RF TECHNOLOGY

The 60 @Hz technology will be the simplest of the four, primarily because
there is only one salient- issue: generation of sufficient EIRP and the
partition of that EIRP between RF power and antenna gain. It is pertinent

to note that in prior consideration of the WSA user service, which accommo-

.dates up to 50 Mbps, 10 W into a 1 m gimballed parabolic antenna (EIRP =

63 dBW) with a 450°K raceiver was found to be adequate. Several R&D recom-
- mendations attended this baseline position, however. Research in reflector
surface smoothness;'autotracking components, power combining of IMPATT
amplifiers, and Tow noise figure receivers was called for. The demands

of a 60 @Hz crossTlink will accentuate these needs.

An illustrative, 1ink budget for the crossTink is shown in F1gLre 2-2. 1In

this hudget and those to follow, the required crosslink capacity is taken

to be 1.8 Gbps. The TDAS spacecraft are Tocated at 100°W and 62°E in syn-

chronous orbit. By taking both crosslink dishes to be 4 m with 20 W output,

the 1.8 Gbps Tink closes with- 5 dB margin.

There is a trade bastween gain and power.  To obtain 20 W RF at 60 GHz -
requires coherent power combination of ten to twenty impatts. This burden
cannot be apprec1ab1y eased by prOV1d1ng more gain. Aperture exceeding

2 mis difficult to accomodate on the TDRS bus because of b1ockage and
moment-arm considerations. Therefore, the illustrative Tink budget seems
to represent a reasonable operating point requirement for the 60 @Hz cross-
Tink.

Conventional cable and waveguide structures are quite lossy at 60 GHz. To
minimize Tosses between the HPA and antenna, & beam waveguide may be used.
This represents one of the many techn1ca] chaITenges that await an RF
crasstink 1mp1ementat1on.
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3 FIGURE 2-2: 60 GHZ CROSSLINK BUDGET
Transmitter Power (20 W) 13.0 dBY
Transmit Gain (4 m) 65.0 dB
Path Loss (162° separation, synchronous) -226.3 dB
Receive Gain (4 m) 65.0 dB
Received Power (C) --83.3 dBY
Receiver Temperature (1000°K) 30.0 dB°K
Boltzman's Constant -228.6 dBJ/°K
| Noise Power Density (NO) -198.6 waz
C/N, 115.3 dBHz
Data Rate (1.8 Ghps) 92.5 dBHz
Eb/No available 22.8 dB
Eb/N; required . 10,0 dB
Margin 12.8 dB
STANFORD
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Nd:YAG LASER TECHNOLOGY

The Nd:YAG Taser is representative of a class of laser matarials known as
doped-insulator or doped-crystaliine Jasars. Crystalline yttrium aluminum
garnet (YAG, chemical formula Y3A15012), which is a synthatic garnet,

doped with the trivalent rare earth jon of neodymium, Nd3+, was discoverad
twenty years ago to be an excellant lasar material. In the initial exper~
iments it was made to lase in the CW mode, and power outputs in the hundreds
of watts have been reported. The crystal structure, however, is usually
small (the size of a pencil is large for Nd:YAG) due to sTow growth rate,
and when operatad in a high power mode, the heat generated in the crystal
deforms the structure, spof1fng the resonant cavity shape in the process.
The changed geometry can promote the oscillation of undesired spatial

modes or the detuning of tﬁe.résonance frequency, neither property being
conducive to cemmunication applications. Even in the pulsed mode operation,
cooling of the Taser rod and pump cavity by faorced ajr or 1iquid (1iquid
nitrogen in extreme cases) is required. Typical construction of such a
laser is jllustratad in Figure 2-3.
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uTPUT

FLASH TUBE

—————ELLIPSDIDAL REFLECTOR

TRIGEER PULSE

" HH

CAPACITOR BANK
1]

PONER SUPPLY

-

BALLAST RESISTOR

FIGURE 2-3: TYPICAL CONSTRUCTION OF A Nd:YAG LASER SHOWING AN ELLIPSOIDAL
_- ._ ' REFLECTOR USED TO MAXIMIZ

E OPTICAL COUPLING BETWEEN THE FLASH-
TUBE AND LASER ROD. - :
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Nd:YAG lasers have undergone considerable development in the past twenty
years, and probably now outnumber thair predecessor, the ruby laser, in
applications. Commercial Nd:YAG lasers operate in a pulsed mode that is
achieved by mode-lacking or Q-switching. Q-switching is a process by which
the @ (quality factor) of the cavity is changed periodically, for example
by rotating the mirror at one and of the cavity so that it is only resonant
when it passes through parallel alignment with the apposite mirror. A
second method is to use an electrooptic or acoustooptic shutter to block

one mirror periodically. The blockage or nonresonant condition is the low

Q state. During the time that the blockage is in effect the round trip

gain within the cavity is Tow (<<1}; and the population inversion (i.e., the
placing of the crystal molecules in the appropriate excited energy state)
grows under %the pumping action without inducing lasing. When the Q is
switchad high again, the gain exceeds 1 and the medium lases. The rapid

lasing transitions deplete the inverted population quickly and all the stored

energy is released in a giant pulse. This output is in strong contrast to
the spiky waveform generatad by pulse-pumping a crystal within a fixed Q
cavity. '

Q-switciting by these reflection modulation techniques can produce pulses as
short as 10 us, and other techniques arz avaiiable to get the pulses down
to 1-2 us. Pulse repitition rates in the kHz range are common. To produce
pulses short enough and at high enough repetition rates for 100 Mbps-1 Gbps
data rates requires mode locking.

Typical profile of the parameters and their variation for a Q-Switched laser

are depicted in Figure 2-4.
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FIGURE 2-4: Schematic representation of the variation of the parameters
- (a) flashlamp output, (b) cavity Q, (c) population inversion

and (d) output power as a function of time during the forma-
tion of a Q-switched laser pulse. :
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Mode Tocking is a technique where by the oscillation of multiple Tongitu-
dinal modes is controlled in a phase coherent fashion such that the waves
superpose into a pulse. The Tongitudinai, or axial, modes of the laser
are those for which the round trip Tength of the cavity (2L, where L is
the cavity Tength) equals an integral number of wavelengths, i.e., ¥ =
nc/2L, where n is the mode index and c is the propagation velocity within
the cavity. If the cavity is Tong and the laser material gain curve is
wide enough above the lasing threshold, many of these modes will oscillate
simultanecusly, and if phase-Tocked, will superpose coherently to form a
narrow pulse. (This result if predictable by Fourier analysis, which
shows that a group of equal amplitude, uniformly spaced, in-phase lines
add up to a (sin Nx)/(N sin x) pulse shape). The pulse width is inversaly
proportional to the number of coherently oscillating modes. Mode locked
and now mode locked outputs are shown in Figure 2-5. )

Mode locking is accomplished by inserting an electrooptic or acoustooptic
crystal modulator into the cavity and driving it with an appropriately

phased valtage. Mode Tock maintenance is quite sensitive to proper phasing .

of the modulator phase and the laser oscillations. Feedback civeuits can
maintain the relative phasing so that mode-lock is not lost. But without
additional control the pulse rate out of the Taser can vary. The pulse
rate is simpiy the round trip transit time c/2L; hEating, mechanical vibra-
tion etc., can cause L to change and induce prf variation. IF these varia-
tions are sensed, they can be compensated by cementing one mirror to a
piezoelectric mount which will nudge the mirror in the axial direction in
response to an applied contral voltage.
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The natural resonance of Nd:YAG is in the IR at 1.06 um. In many of its
applications it is used in the frequency doubled (FD) mode at 530 nm, the
doubling being accomplished by second harmonic generation in a nonlinear
optical material (e.g., quartz, rubidium or other alkali metals) into the
cavity. From a communicator's viewpoint, doubling is a two-edged sword;
quantum detector characteristics are superior at 530 nm (lower nojse), but
signal power is of course Tost in the nonlinear conversion {Tower signal).

In the early 1970's, the U.S, Ajr Force undertook development of a 1 Ghps
Nd:YAG laser program. The initial work was performed at the Air Force
Avionics Laboratory (1971-1972), and in 1973 McDonnell Douglas Astronautics
Co. and Lockheed Missiles and Spaca Co. were awarded contracts for brass-
board development. Since 1975, McDonnell Douglas has continued this devel-
opment under the name LASERCOM (see Figure 2-8). Contemporaneously, NASA °
was deve]op1ng the €09 Taser to be discussed in a later section.

The demonstration program has proceeded through the successful tasting of
the Taser in an air-to-ground experiment. A 1 Gbps FD Nd:YAG laser mounted
in a C~135 transport has communicated from 37,000 ft to a terminal at the E
White Sands Missile Range. A ground-to-air Tow data rate uplink (100 to
20,000 bps) at 1.06 wym is also included. Early plans for a space tast were
- scrubbed or delayed for the air-to-ground fest. The state of future plan
ning is difficult to discern because of security issues.

In the Tate 1970's McDonnell Doug]as successfuITy b1d the Nd:YAG Taser for
a1 Mbps satellite Tink in a classified program. The competition was a
GaAs laser by Hughes Aircraft Co. This effort fs now reported to be in
demonstration phase. ' '

It is the two efforts cited above that form the technological base for
Nd:YAG as a TDAS crossiink candidate.  In the remainder of the section we
will review the ava11ab1e techn1ca1 1nformat1on that is re]evant to the

- 1aser 5 -use in TDAS
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A published description of the space test version of LaserCom gives parameters
of interest. Implementations using two different pump mechanisms have been
buitt., A potassium-rubidium (K-Rb) lamp~-pumped unit produces 270 my average
power at 250 W input; a solar-pumped unit aimed at ultimate space application
can achieve over 400 md output. Pump }ifetime is an issua For the TDAS applica-
tion. The K-Rb pump has shown less than a l-year Tifetime in testing; no

data is available on the solar pump. The laser output in each case is a

mode Tocked 532 nm pulse train at 500 Mpps having 300 ps pulse widths (1/e?
intensity points). In the discussion of the modulator we shall see how this
supports 1 Gbps. Cooling of the rod and pump is by conduction and radiation
to minimize weight and power consumption.

Frequency doubling is achieved by a single crystal of BazNa(Nb03)5 within the
cavity. By coupling an acoustooptic transducer to 4t the frequency doubling
is accomplished. It is not evident that any pulse rate control is employed.

Data is encoded into pulse quatenary modulation (PQM) which s a combination
of pulse position and pulse polarization modulation. Each pilse out of the
modulator accupies one of two possible slots and carries one of two orthogonal
Tinear polarizations. In this manner each pulse represents two bits and the
500 Mpps laser supports a 1 @bps data rate. This is shown in Figure 2-7.
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Figure 28" shows the POM modulato%. The 1 Gbps data source is demultiplexed
into two 500 Mbps'streams. One of these streams {(delayed by 1 ns) drives mod-
uiator No. 1, which takes in the 500 Mpps horizontally polarized laser pulse
train and outputs the pulsas with horizontal or vertical polarization accord-
ing to whather the data is 0 or 1. Each pulse then enters a device that
passes vertical polarization undelayed, but delays horizontal an additional
nanosacond. Finally, modulator No. 2 takes in the puise and adjusts its
polarization as did mosulator No. 1. As a resulTt, the two bits driving

the modulators are jointly encoded into one of four orthogonal states (two
po1arizatibns x two delays). Modulator No. 1 operates at 500 Mpps, but No. 2
must ba able to switch at 1 Gbps rates. The modulator assambly is estimated
to require 75 W. '

Because of the frequency doubling, both photomuitiplier tubes (PMT) and
avalanch photodiodes (APD) are usahle detectors. After extensive considera~
tion a dynamic crossed Field photomultiplier (DCFP) was selected for the
baseline detector. The structure of the device keeps delay dispersion small
in the secondary electron emissions and as a result bandwidths well in excess
of 1 GHz are available. The quantum efficiency, n (photoelectrons produced
per ‘incident photon), is 0.25-0.30, with n = 0.40 nredicted. Excess photo-
multiplicaiton noise is only 1 or 2 dB, implyirg that the system can operate
about 6 or 8 dB from the quantum Timit. The photomultiplier gain is suffi-
cient to mask any thermal or dark currents occurring subsequently.

The communications receiver describad by Ross et al does not employ the
optimum detection strategy for PQM; the reason for this is not obvious since
the optimum receiver appears to be simpler than theirs. For strong signais
there is not much performance di¥ference anticipated. Nonideal behavior
creeps into the detection scheme because of the modulator extinction ratio,
which is the ratio of the desired to undesired polarization components: in -
the modulator output. From curves in the reference, it seems reasonable to
assume a 1 dB nonorthogonality degradation due to extinction.

* From M. Ross et al, Space Optical Communications with the Nd:YAG Laser,
Proc. IEEE Vol. 66, No.3; March 1978.
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FIGURE 2-8: PQM moudiator block diagram. The 1 Gbps data stream is demultiplexed
into two 500 Mbps streams. One of these drives the 1inear polarization
state of the modulator No. 1 (H=10, V = 1). That output is delaved or
not delayed (by 1 ns) according to its polarization, following which
the polarization state is once again controlled by modulator No. 2. The
result is a 4-state output in which each pulse (at 500 Mbps) conveys two
bits.
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A representative Tink budget is shown in Figure 2-8. Using the apertures
given in Ross (20 cm transmit, 60 cm receive) and conservative values of the
other parameters (e.g., 270 wW Taser output, n = 0.2, 2 dB excess noise)

the 1ink closes with almost 15 dB margin. More optimistic values of these
might yield another 5-6 dB. In the Tatter event, there is room to substan-
tially decrease the apertures, especially at the receiver where nondiffrac-
tion limited operation is permissible. If the recaive aperture is cut to

20 cm, 9.5 dB of margin is sacrificad. The 1link cannot tolerate another

12 dB toss in reduction of both transmit and receive épertures to 10 cm,

a more satisfying value.
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FIGURE 2-9:

Np:YAG CROSSLINK BUDGET

Transmitter Power (270 mi) -5.7 dBW
Optics Efficiency (70%) -1.5 dB
Transmit Gain (20 cm, 76% eff.) 121.5 dB
Path Loss (162° separation, synchronous) -305.8 dB
Receive Gain {60 cm) 131.1 dB
Pointing Loss -0.3 dB
Data Rate™' (1 Gbps) ~90.0 dBs
Received Energy/Bit (Eb) ~150.7 dBd
Planck's Constant -331.8 dBWs®
Frequency (564 THz) 147.5 dBs™
Detector Quantum Efficiency™* (n = 0.2) 7.0 dB
Excess Photomultiplication Noise™ 2.0 dB
Received Energy/Detected Photen -175.3 dBJ
Detected Photons/Bit availabie 24.6 dB
‘Detected Photons/Bit required (10) 10.0 dB
(@ 1 dB extinction ratio degradation)
Margin 14.6 dB
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The technology used in Nd:YAG systems was known in the mid 1960's and welj
established by the mid 1970's. There appear to be few areas in which sub-
stantial progress is awaited. The advent of GaAs diode pumps for the Nd:YAG
may, however, go a long way to overcome the Tifetime uncertainties of 1amp
or solar pumps. The modulator is complex and somewhate sensitive. We are
not aware of new work in modulator technology for YAG, although there may

be some going on in classified pragrams.

'Neight and power estimates from Ross et al (Figure 2-10) indicate that

spacecraft transmitter would required 250 Tbs, 400-550 W, and for the
receiver, the burden fs 265 Tbs and ___ W. We do not yet have available
an estimate of the burdem for the required user signal demodulator, buffer,
and multiplexer.. - S
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/ FIGURE 2-10 - | | \

WEIGHT AND POWER FOR SPACE-TEST Np:YAG LASER SYSTEM

TRANSMITTER

ITEM AVERAGE POWER (W)
Laser and Control 273.1
Modulator/Driver 70.5

_ Electronics Processing _ _ 149.4
Solar Coilector Assembly 30.0
Tracking Assembiy o 43.0
Power Supply Conditioner _ 167.0

TOTAL = - - 73850 W
Estimate for Operational System 400-650 W

ITEM -WEIGHT (LBS)
Laser/Modulator 36.3
ETectronics 74.8.
Telescope 15.0
Solar Coliector 55.0
Tracking . 59.8
Support Structure 48.0
Power Supply, Conditionar 58,1
TOTAL 347.0 1bs,
Estimate for Operational System _ 250  1lbs.
WEIGHT -POWER
o _{dbs) )
Transmitter 250 650 |
Recejver =270 ' -
TOTAL 520 Ths
STANFORD

TELECOMMUNICATIONS ING.
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COp LASER TECHNOLOGY

002 lasers for space communication were being touted in the mid-to-late
1960's. Considerable work on these had earlier been undertaken at Hughes
Aircraft Company (HAC) and NASA/GSFC. After a proposal to fly a laser
system-on NASA's ATS-F was turned down due to budgetary constraints, NASA
undertqok in 1970 a program to complete the development of the C0, Taser
technology for space applications so that a convincing case for its future
use would be established. In the STX years tha* Followed, 002 technology
was brought to the state of the art in that program, and basic technical
feasibility of a space-to-space Tink was established. The NASA investiga=
tors envisianed an "advanced TDRS" (ATDRS) space communication network in
which an East satellite transmitied a CDZ_1aser crosslink to a West, and
both satellites received user spacecratt return Tink data via a CO2 Tink.
Nata downlinked from the West satellite was received at an earth station
and distributed to experimenter sitas via domsat. Clearly the vision at
that time had much in common with the current perception of TDAS.

Following the completion of this program, government funding for additional
002 laser efforts for space appiications diminished in Favor of miTitary
research and development in lasar rangefinders. Work in CU2 radar contin-
ues, but because of jts significantly dijfferent orientation seems to have
had Tittle spinoff in areas that would bolster space-qualified technology.
Along the way some of the prime resources (e.g., HAC) for contihuing the
space applications were lost to the community.

In consaquence, today’S'COQ Taser'technology Tor space data systems is
largely 1975's technalogy. In order to appreciate what that technology is,
we begin with a fundamental discussion of COz lasers and Incarporate the
technical elements as they arise. |
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The active medium in the laser is the CO2 gas molecule, This fact Teads
to some immediate distinctions between this and the Nd:YAG laser just dis-
cussed. In the latter, transitions between energy states of ions (atoms
ar molecules that have lost outer shell electrons) induces Tasing action;
for COz, 1t is transitions im vibrational states of the molecule that pro-

duces the coherent radiation. It is not hard to fmagine that the resonanues

of these vibrations are slaower than the actions invoived in ion energy state
transitions (which usually occur in the visible or UY), and correspondingly
evidence longer wavelengths. There are two lasing transitions in COp, at )
9.6 um and 10.6 pm, the Tatter being the stronger. If the COo molecule
covalent bonding is pictured as the linear structure 0=C=0, the 10.6 um
Tine results from an "end-on® collision of the molecules that changes its
oscillation from an asymmetric stretch along the molecular axis (0 atoms
out of phase in their vibrations relative to C) to a Symmetric, or in-phase,
stretch. (The 9.6 um line arises from "broadside” collisions that convert
the asymmetric stretch into a bending mode resembling the vibrating string.)
Vibrational modes are depicted in Figure 2-11.

The pumping mechanism for COp is'mUTECQIar'cO11iSions (i.e., gas discharge)
induced by a high voltzge pulse across the sealed tube. To improve the
lasing action, Hp and Ne replace 90% of the CO2 and give rise to collisions
at the proper energy Tevels to stimulate population inversion. An increase
in pressure does two important things: first, it increases the frequency

of collision and thus enhances the output Tevel; the second thing makes it
possible to impress wideband modulation on the Taser light. To appreciata
the latter point requires some discussion of modulation mechanisms for COp
lasers.
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FIGURE 2-12: LASER MODULATORS
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Many Tasers (see Figure 2-12) are modulated by externai modulators; these
Iie outside the laser cavity and impress modulation on the narrowband opti-
cal carriepr em2nating from the Jaser cavity. Such modulators have the
advantage that they do not interfere with the coherant Tight genaration
process. Other modulators operate inside the cavity and are dubbed inter-
nal modulators. Internal medulators, most notably the technique called
coupling modulation, in which the voltage contralied birefrigence of a
crystal can rotate the polarization of the tight and thereby control the
amount of Tight coupled out of the cavity through a polarizer, suffer band-
width Timitations due %o their interaction with tha cavity'fie1d. Never-
theless, coupling modulation has bean prominent for COo lasers because of
the high voltages required for axternal modulators. In order to achieve
broadband internal modulation, it is necessary to broaden the source. hand-
width, and this is where the gas pressure comes in. Besides tha inherent
doppler broadening that occurs because of the naturai velocity distribution
of the gas molecules and their projectians along the axjal direction, there-
is collision broadening that arises from the interruption of radiation due
to collisions. As the gas pressure increases and collisjons become more
frequent, the radiation from a molecule shows Targe (essentially randon)
phase shifts at its collision times. and these broaden the obsarved spectral
Tine.

The difficulty related to internal modulation is that the high pressures
required for boradband modulation cause problems with the pressure seals in
the tube; Teaks are a major source of shortened lifetime for the C0o laser.

More recently, technoingica1 progress in external modulators has advanced
to a point that may ameliorate this problem. Research at MIT Lincoln
Laboratory and the European Space agency has produced externa] moduTators -
capable of Gbps operation. Despite this promise, other difficulties with
CO2 Tifatime exist. One of these is the chemical reaction within the sealed
enclosure that converts €0, to cO. It is.hoped that replacement of the

high voltage dc puriping by RF pumping techniques will increasa C02 laser
reliability, but this is yet unproven at a level reguired for space opera-
tions and constitutes a major drawback to the use of COa'laser'for'TDAS;'
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Because the wavelength of the COy is at least a factor of 10 greater than
that of the other Tlasers under consideration, it gets the Teast benefit
of all in-gain from a Tixed aperture, Fortunately, CH power generation
in a COp laser can more than compensates for this. At Teast 10 W CW has
been achieved. But laser lifetime at high power levels (15,000 hrs) is
not yét adequate for an operational space system. Whether a Tower power
system can suffice depends on further developments in detector technology:
With everything else equal, an increase in frequency from f to nf brings

about & gain of n in the signal-to-noisa ratio of a quantum~limited hetero-.

dyne system, after an adjustment for quantum efficiency (see Figure 2513).
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Photon detection at IR wavelengths is an inherently inefficiant process.,
The Tow energy per photon censtrains the maximum energy (the gap between .
the hﬁuton energy and the detector surface wark function) that ap emitted
photoelectron can have.. “Inelastic collisfons of freed electrons with the
material reduce theip energy and may prevent theip escape at ail. Thus

the yield (emitted photoelectrons per incident photon), which is the mater-
ial quantum efficiency, may be two op three orders of magnitude shy of
ideal. Quantum efficiency is the prime performance characteristic for a
direct detection receiver, and so direct detection becomes a poor prospect
for COZ‘ Heterodyne detection, while unabTe to overcome paor guantum effi-
ciency, can permit operation fairly near the quantum 1imit if the L0 field
strength is such that the signal photoelectrons dominate thermal noise, For
refarence, we note that the effective noise Power spectral density, hv (or
2hv, depending on detector type), of an idea] detector at 10.6 um is -197.3
dBW/Hz, about 7 db higher than equivalent thermal noise (kT) at 300°k.

When hv is degraded 10 to 30 dB for quantum efficiency, it bacomes obvious

~that even quantum Timited operation Tor CD2 is quite deficient in noise

equivalent power to an RF Tink; it must, if course, make up for this with
transmitted power and antenna gain.

Characteristics of photodetection at IR wavelengths are consolidated in
Figure 2-14, ' '
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FIGURE 2-14: PHOTODETECTION AT IR

@  QUANTUM EFFICIENCY (QE) LOW BECAUSE OF
LOW PHOTON ENERGY -

® LOW QE MAKES DIRECT DEYECTION POOR

e FOR HETERODYNE, THE NOISE PROCESS LOOKS
GAUSSIAN WITH SPECTRAL DENSITY Mg = HFc,
WHERE F¢ = CARRIER FREQUENCY

®  THE IF SIGNAL-TO-NOISE RATIO FOR HETERO-
 DYNE IS 9 DB GREATER THAN THAT OF DIRECT
DETECTION IN THE SAME BANDWIDTH
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Many detector types were investigated during the NASA program. Both photo-
voltaic (PY) semiconductors and extrinsic photoconductors (Figure 2-15)
ware found to be suitable candidates. An extrinsic photoconductor is a
semiconductor that has been impurity dopad; absorption of IR increases
hole-glectron pair production, increases material conductivity, and will
generate a corresponding output current when the semiconductor is appro-
priately reversed biased. In the photossltiacs, pairs generated by photon
absorption separate and the charge separation is measured as potential
across the open-circuited device. '

The Tow operating temperaturss (4 to 30°K) needed to minimize thermal cur-
rent leavaes these at a disadvantage for space applications. Photovoltaics
also require cryogenic cooling, but to temperatures around 77-130°K.

At the conclusion of the NASA project, mercury-cadmium-teliurium (HgCdTe)
detactors with 3 dB bandwidths of 425 MHz at 10.6 wm were known. (Photo-
conductors of cermanium and silicon with 1.5 GHz bandwidths had been known
for some time.) More recent work at Honeywell and Lincoln Laboratory has
yielded devices which when cooled to 77°K display 1-2 GHz bandwidths and
heterodyne quantum efficiencies from 10 to 25%. There is reasonabie expec-
tation that 5 GHz or greater bandwidth may be soon achievable, but perhaps
at the sacrifice of equivalent noise power (i.e., quantum efficiency). Thus
there is ample evidence that suitable detectors exist for-'CD2 heterodyne
systems. The technology of long-Tived space-qualifiable cryogenic units
appears to lag detector technology currently, and is probably one of the
casualties of the stagnation in CW 002 Taser deve1opment_that set in fol-

- Towing the c¢iose of the NASA GSFC program.
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FIGURE 2-15: PHOTODETECTORS FOR CO2 LASERS
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A representative Tink budget for a C0s heterodyne corsslink used in a trans-
ponding mode is shown in Figure 2-16. Transmit power of 25 W is assumed.
The transmit and receive apertures are 34 cm and 43 cm, respectively. To
accommodate worst case Toading, 1.8 Gbps data rate is selected. A total of
10.8 dB losses in the transmitter and receiver are taken; these include
aperturs obscuraticn by the optics, losses in the reflective and transmis-
sive optics themselves, spatial mismatch between the received (gaussian)
field and LO (uniform) field, and detector rolioff. The resulting aper-

- tures are large, suggesting that advances in detéctors (greater bandwidths

and. higher quantum efficiencies) are needed to decrease the required aper-
tures. For reasons of pointing accuracy and minimizing the unwieldiness
of the optics, an aperture of 50 cm is probably the maximum that should
bé considered. - ' '
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FIGURE 2-16: CO5 CROSSLINK BUDGET

Transmitter Power (25 W) | 14,0 dBY

Transmit Gain (34 cm, ideal) 100.0 dB

Obscuration Loss . -2.9 dB

Optics Loss . -2.0 dB

Path Loss {162° separation, synchronous) -279.8 dB

Receive Gain (43 cm, ideal) 100.0 dB

Obscuration Loss -0.2 dB

Optics Loss ‘ -1.1 dB

L0 Spatial Mismatch Loss | ~1.8 dB

_ | Data Rate -1{1.8 Gbps) | -92.5 dBs

I _' ' | _ Detector Frequency Mismatch Loss -1.0 dB

= Received Energy/Bit'(Eb) -167.3 dBJ

;-I\: .

':ég Planck's Constant ' -331.8 dBWs?
" : Frequency (28.2 THz) 134.5 dBHz
i : " Detector Quantum Efficiency” (1 = 0.2) 7.0 dB

' | Detector Noise Degradation 0.5 dB
" Noise Power Spectral Density (Ng) -189.9 dBW/Hz

Eb/No available | - 22.5 dB

Eb/No required 10.0 dB

- 12.5 dB

1

\.' =) STANFORD = Margin
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McElroy et al* of NASA G8SFC have estimated weight and power for a 1 Gbps
homodyne Tink using similar parameters. Because heterodyne reception re-
quires 3 dB more bandwidth (and the same increase in power), their figures
are probably on the low side for the TDAS case. They find that the trans-
mitter consumes 270 1bs, 270 W, and the receiver 170 Ths, 65 W.

The conclusion from a communication performance viewpoint is that the type
of crossiink service envisioned for TDAS stands right at the edge of cur-

rent CO2 technology. Revolutionary developments are not. anticipatsd in
the near term; therefore to make €0, a viable candidate would require a
push in the areas of laser Tifetime and onboard detector cryogenics.

* McElroy, J.H., et al, CO2 Laser Communication Systems for Near-Earth

. Space App1icatiqns?-Proc..IEEE Vol. 65, No.2, Feb. 1977.
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GaAs TECHNOLOGY

Gallium arsenide is the prevalent material in the Tight-emitting djodes
(LED's) in our calculator and wrist watch displays. When the semiconductor
diode is forward biased, spontaneous recombination of holes and electrons

in the junction region releases radiation in the visible or near-IR region,

This emission process can be stimulated by increasing the current flow to
produce population inversion and providing a mirrored cavity for feedback.
The diode can be its own cavity simply by cleaving it along its intrinsic
crystalline planes to attain righly parallel end surfaces; the difference
in refractive index betwesn air and the material provides sufficient re-
flectivity. Because GaAs diodes are smaiil, (baré1y visible to the unaided
eye), lightweight and low in power consumption, they have become the prime
object of ressarch interest for Taser space communications today. The
interest is further spurred by use in fiber optic cable communications,
where simple pulsed LED operation is giving way to sophisticated modula-
tion supported by laser sources, with hetarodyne receivers and integrated |
optics repeaters. Thera is good spinoff coupling between the latter tech-
nology and that for space communications..

Schematics of GaAs diodes are presanted in Figure 2-17.
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FIGURE 2-17: GaAs LASER DIOCDES

- Fan-shaped
Junction {aser beam
area X
Cleaved
“ surfaces
Schematic construction of a semiconductor laser. The emission is confined to
1‘ the junction region. The narrow width of the junction causes the .large half-
. angle beam divergence 8. ' '
: . High resistivity
. 1] : . . " fegions
'{'m Y
= ol 7 L /-\ Metal contact
SRS BSOS GaAs(:Ge) p type

i ™A IGaAS(: Ge) P type i
' GaAsn orp type K
~AlGaAs(: Te) A type

. —GaAs(: Te) n type —————— ./!
L N n N S e S e e dd 22| cONLACE: TN
JUU —

. ——— "é-— AlGaAs( ::Fe) 7 type

E.; (a) (b)

. Schematic cross-section (end view) of two typical stripe geometry Taser diodes:
t {(a) the stripe is defined by proton bombardment of selected regions to form high
; resistivity material and (b) the stripe is formed by etching a mesa and then

A1GaAs is grown into the previously etched out sides of the active region to
form a ‘buried stripe’ structure. ' S _ .

Elactrode

A

b SR i 1

i ' S Buried heterjunction Taser diode.
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The room temperature natural Tine of GaAs is 890 nm. Negative electron
affinity (NEA) photoemissive devices cutoff near or below that wavelength
(those detectors made of GaAs itself are good up to near the natural wave-
length). SiTicon devices (e.g., avalanche photodiodes) cut off around
1.1 um and have bettar response with decreasing wavelength. Then there
is interest in baing able to tune the diode output to a Jower Trequency.
This can be done hy cooling (A = 850 nm at 77°K), which brings another

- genefit: {ncreased average output power. An alternative that is super-
tor in both respacts, however, is use of hetarojunction (or heterostruc-
ture) diodes. The introductisn of a mole fraction X of the impurity Al
to replace some Ga ions creatas a ternary compound denoted Gai.y Aly As
which has a shorter wavelength (around 830 nm).

Detector requirements. for GaAs Tasers are Tisted in Figure 2-18, as are
quantum efficiency profiles. ‘
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FIGURE 2-18: DETECTUR REQUIREMENTS

®  HIGH SENSITIVITY
. WIDE BANDWIDTH

&  SMALL ADDITIONAL NOISE

] STABLE CHARACTERISTICS

L MODERATE SOURCE VOLTAGE

&
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Two materials are used in forming the junction of a'heterastructuwe device,
most commonly GaAs and a doped variant, GaAlAs. Important consequences are
higher lasing efficiency and Towey thresho]d‘current. A type known as dou-
ble heterostructure carrier these improvements further by confining the
radfation more strictly to the junction region. Continuous operatien of
double heterostructure diodes, at room temperature is possible with tens

of mW output at hundreds of mA current. Among the commercial leaders in
developing the heterostructure laser diode is RCA.

An issue of concern for GaAs diodes is power generation. Recent work at
M.I.T. Lincoln Laboratory demonstrates 25 mW CW from a single diode. Work
On power combining of diode arrays is underway at Perkin-ETmer, Lincoln
Laboratory, Xerox and a number of the aerospace companies. Qutput, of
saveral hundred mW have been claimed. - Both coherent and intensity (nonco-
herent) combining are being studied, but status of the efforts is difficult
to obtain due to matters of security. There are nontrivial issues to Tace
in power'combfnfng, one being maintaining constant frequency of the diode
outputs. For an array deposited on a single chip this can be accomp]ished
by temperature control. In any event, combining schemes must be evaluated
critically because an increasa in output power is not sufficient. 1t is
increasad. brightness (spatial power density) that will bring about a

- stronger link. IF the fncreased'power is angularly dispersed, the sought-
after improvement will not be Tound. Passive schemes that claim to increase
brightness are Flirting with the second law of thermodynamics in promising
decreased entropy (in the spatial modes) for no work dene., Nevertheless,
it seems reasonable to assume that Sorie progress will be shown in this
ared. '

Figure 2-19 shaws a Tink budget for a GaAlAs heterodyne:system. With the
indicatad apertures, 1 W can support the 1.8 Gbps crossiink.
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FIGURE 2-19: GaAs HETERODYNE DETECTION CROSSLINK RUDGET

TRANSMITTER POWER (1W; 40 DIODES @ 25 md EACH) 0.0 dBY
TRANSHIT GAIN ( 25.0 cm, IDEAL) 119.6 B
OBSCURATION LOSS | 0.0 dB
OPTICS LOSS - ~0.2 dB
PATH LOSS (162° SEPARATION, SYNCHRONOUS) -301.9 dB
* RECEIVE GAIN (25.0 cm, IDEAL) - 119.6 dB
OBSCURATION LOSS 0.0 dB
OPTICS LOSS - - 0.2
LO SPATIAL MISMATCH LOSS 1.8 dB
DETECTOR BANDWIDTH™' (1.8 GHz) -92.5 dBs
DETECTOR MISMATCH LOSS 0.0 4B
RECETVED ENERGY/Hz (E,) -157.4 dBd
PLANCK's CONSTANT | ~331.8 dBHs>
FREQUENCY (361.4 THz) 145.6 dBHz
DETECTOR QUANTUM EFFICIENCY > (n = 0.6) 2.2 dB
DETECTOR NOISE DEGRADATION | - 1.0 dB
NOISE POER SPECTRAL DENSITY (N ) ~183.0 dBl/Hz
E /N, AVAILABLE 22.5 dB
E, /N REQUIRED  10.1 dB
 MARGIN -  12.4 4B
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2.3 CROSS FERTILIZATION OF TECHNGLOGY R&D

The TDAS space technology is comprised of the TDAS S/C and the TDAS user
S/C technologies. In order to realize an effective TDAS design for the
1990's, R&D efforts are needed in these two areas. In the chart the user

S/C R4D components previously identified for unique R&D efforts are listed.

There is cross fartilization of* technology R&D efforts betwesn the user
S/C and TDAS S/C components (with the exception of the on-board tape
recorder). For each component -the chart Tists the user $/C technology

R&D output and it's cross fertilization impact on the TDAS S/C. Cross
fertilization is beneficial; however, its existence certainly does not
eliminate the need for specific R&D efforts for the TDAS S/C in favour of
TDAS user S/C R&D efforts (or vice versa}, Even for generically equivalent
Subsystems on the TDAS S/C and the user $/C, individual and unique tech-
nology R&D efforts will be required for each spacecrafi because of their
unique reguiremsnts for each subsystem.
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CROSS FERTILIZATION OF TECHNOLOGY RzD
.é&D COMPOMENT TDAS USER S/C TDAS S/cC

60 GHZ HIGH

ATTITUDE CONTROL SYSTEM

o

L

(HPA)

(ACS)

STANFGHD

POWER AMPLIFIER

ANTENNA SUBSYSTEM

ON-BOARD COMPUTER (0BC)

3

DEVELOPMENT WILL PROVIDE REQUIRED
RF POWER SOQURCE

PROVIDE CAPABILITY OF TRANSFERRING
HIGH RATE USER DATA oN b0 &Hz
SINGLE ACCESS CHANNELS

ENHANCED OBC REQMTS OF FUTURE TDAS
USER 5/C WILL BE MET

 DEVELOPMENT WILL ENHANCE ACCURACY

AND ALLOW EXPERIMENTS REQUIRING
HIGH POINTING PRECISIONS TO BE
PERFORMED

TELECOMMUNICATIONS iNC.

NO CROSS FERTILIZATION

WILL PROVIDE POWER SOURCI
FOR

& CRGSS LINK
® WSA SUBSYSTEM

FOLLOWING AREAS OF WSA
SUBSYSTEM WILL GET
DEVELOPMENT BOOST

8 WSA ANTENNAS

3 ANTENNA POINTING &
CONTROL SYSTEM

® AUTOTRACKER

SAME DEYELOPMENT WILL
HELP RESOLYE TECHNOLOCGY
ISSUES RELATED TO

¢ MEMORY

8 SPEED

& ACCURACY
@ LIFE

ACS ACCURACY IS IMPORTANT
FOR TDAS DUE TO DESIRABLI
POSITIONAL ACCURACY OF

MBA
)




2.4 | | SUMMARY

- The subsystem unique technology R&D efforts in support of the TDAS usar
§/C and the TDAS S/C, which is the Space sagment of TDAS for the 1990's
have been assasssed. This techno]ogy-assessment.was made in relation to
miésion models, what is reasonah]e to expect from a technology viewpoint
and what are the key technology drivers. Each identified subsystem was
addressed on the basis of Ereaking jt down into key components: for sach
component, the technology issues and the R&D efforts needed to resolve the
issues were jdentified, Subsequently, based upon experience accumulated
in the past in the NASA and Industrial Sectors and the ongoing development
activities taking place elsewhere, additional subsystem unique R&D efforts
needed were identified. Maintenance of these RaD efforts at an adequate
level will allow the deve]opment of enabling tecinclogies in support 6?
the TDAS to be used in the 1990's.
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2.5 CONCLUSIONS

The conclusions of the Space Segment Technology Assessment task are ]isted.
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CONCLUSIONS

'OUR TDAS DESIGN -PUTS LEAST REQUIREMENTS ON USER s/C

o
] 'RECOMMENDED R&D SHOULD BE INITIATED TO ACHIEVE ENABLING
TECHNOLOGIES FOR BOTH USER S/C AND TDAS s/c
@ NO AREAS OF CCNCERN ARE FORESEEN IN USER S/C OR TDAS s/cC
8 TDAS USER S/C R&D CROSS FERTILIZES TDAS R&B (EXCEPT N
CASE OF ON-BAORD TAPE RECORDER)
® CROSS FERTILIZATION BETWEEN TDAS BSER S/C AND TDAS s/c
ALTHOUGH BENEFICIAL DOES NOT IMPLY THAT TDAS S/C TECHNOLOGY
R&D WILL ELIMINATE THE NEED FOR TDAS USER S/C R&D OR VICE
VERSA — BOTH R&D'S MUST BE CONDUCTED
® TDAS USER SHOULD NOT BE FORGOTTEN, TDAS USER S/C R&D
MUST BE DONE IN PARALLEL
® TDAS USER S/C R&D WILL CONTINUE EVEN AFTER TDAS s/c
1S OPERATIONAL
STANFGRD :
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