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6.0 SMDS SUBSYSTEMS

This second volums of o Sivdy fera Spaco Base Multiple Signal Modam contalns
the technical descriptions and developmaent spocifications for medules ond subuniis required to
mechanize the Space Base Telecommuntcations System deseribed in volume 1 of this report.
This systom has been designad with o maximum of commonality and medularity and, os a result,
o minimum of central {or systems) conirols, The elements comprising the Signal Multipiex
Demultipiex System (SMDS) are virtually salf-containsd and require a minimum of systoms

description,

Technical descriptions and spacifications for the six major building blocks used in
the SMDS, appear in sections 7 through 12 of this report. The equipments which use these
building blocks as their component parts are the Pilot and Termingl Modsm, Base Level/Dock
Leval Inferface Unit, the Video Camora Modem, and tho Video Moniter Modem. Tha dovelop=
mant specifications for these pieces of equipment appear in this section. The meterial discussing
system design problems and their resolutions have been pravicusly describsd in voluis | of ihvis
report, particularly in section 4,0, The remaining development spocificotions appecring in this
saction are for the coupling devices necessary for complete systems implementation (the VHF

Main Bus Bidirectional Couplor and the UHF Signal Power Divider/Combiner spacifications).
6.1 DEVELOPMENT SPECIFICATIONS

The following development specifications are provided as a part of this sectien:
I. SMDS Pilot and Terminal Modem
2. SMDS Base Level/Dack Leva! Interface Unit
3, SMDS Video Terminal {Camera Video Terminal) (Monitor Video Torminal)
4. SDS Bidirectional Coupler

S=1/2
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1.0

[

sScorn !

This specification doscribes the davelopment design

goals and major performance specifications of a SMDS major module
building block 1dentified as the Pilot and Terminal Madem.

2.0

3.0

functions.

3.1

APPLICABLE DOCUMENTS

a. The guidelines, trade-offg,and functional descriptions

included as part of the SMDS Final Report shall be
considered as part of the Module specification.

b. SMDS Modulatoxr Group Development Specification
c. SMDS Demodulator Group Development Specification
d. SMDS Wideband UHF Amplifiexr Development Specirfication

€. SMDS UHF Signal Power Dividexr/Combiner Development

Specification

ELECTRICAL PERFORMANCE SPECIFICATIONS

The SMDS Palot and Terminal Modem serxrves four basac

These are:

1. To receive and damodulate both the SMDS master clock

signal and the loop clock signal.

2. To phase lock the loop timing signal to the master

clock signal.

3. To medulate and output the loop timing signal.

4. To compare the loop timing signal output with the

loop timing signal input for error conditions.

UHF Input Signal Interfaces

a. The Pilot and Terminal Modem shall accept a UHF VSB

modulated Master Timing Saignal in the 300 to 500
MHz spectrum from the SMDS Main Bus UHF Power Dnvider.

b. The Pilot and Termanal Modem shall accept a UHF

VSB modulated loop timing signal from the SMDS
Main Bus UHF Power Divider. ~

UHF output Signal Interface

a. The Pilot and Terminal Modem shall provide a UHF

VSB modulated Loop Tilaing signal to the SMDS Main
Bus UHF Power Combiner,

PAcE 2
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3.3 Interface Characteristics

The Pirlot and Terminal Modem shall have electrical
ipterfaces corxesponding to those dofined for the individual
subunits comprising the unitt. The conceptual Block Dragram shows
the interfaces of those subunit burlding blocks.

3.4 Phaselogk Loop Reguirements

The phaselock loop static phase arror shall be lessg
than .1 radian.

The phaselock loop time constant shall be greater
than 1 m:llisecond and less than 100 milliseconds.

3.5 Size, Weaight, and Power Consumption

The s:ize, weight, and power consumption of the Pilot
and Terminal Modem shall be consistent with the recommended
mechanical and maintainrability guidelines recommended for the SMDS
and within the packaging and interconnection consiraints imposed
by the redundant integral subunits which comprise the SMDS unit.

3.6 Redundancy Requirements

The subunits which comprise the Pilot and Terminal
Modem shall incorporate block redundant subunits in such @ Mahner
as to allow reguivéd switching of uni¢s and individual replacement
of failed units on a non-interference basis with operating basis.
The slze, weight, and power consumption reguirements for thas unit
{Paragraph 3.5} shall include packaging, weight, and powex con-
siderations for implementing the redundancy and assccirated switchang
iamplementation described in the SMDS Final Report.

3.7 Miscellaneous Design Guidellnes

The Pilot and Terminal Modem development specrfications
must be considered flexible in terms of developing a totally inte-
grated SMPS design. Trade-offs not considered ox problems not
recognized in this conceptual phase of the SMDS study may reguire
devyiations from the specifications stipulated above.




SMDS VIDEQ TERMINAL DEVELOPIENT
(VIDEO CAMERA TERMINAL)
(VIDEO MONITOR TERMINAL)

DEVELOPHENT SPECIFICATION
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1.0 SCOPE

Thiz specification describes the desi¢n geoals and major
parformance specifications of twWo SHDE major modules identificd
as SMDS Camera Video Terminal and as SMRS Monitor Video Terminal.

2.0 APPLICABLE DOCUMENTS

a. The guidelines, trade-coffs and functional descriptions
included as part of the SMDS Final Report shall bhe
considered as part of the Module Spacification.
References cirted in the Final Report shall be used
for developmental guidance,

b. #MDS Modulatoyr Group Development Specification
c. 8PS Demodulator Group Development Specification
3.0 ELECTRICAL PERFORMANCE REQUIREMENTS

The SMD$S Camera Video Terminal consists solely of a
SMDS Modulatoxr Group co-located with its agsociated color camera
or vther color television video signal source interface; ie., -
ground to space link video interface. The 5HDS Moniteor Video
Tarminal consists solaly of a SMDS Demodulator Group co~located
with 1ts associated color television monitor or other color
television signal processing intexface; i.e., video recorder or space
to ground video link interface unit. Appropriate mechanical
mounting provisions of the SMDS Modulator and bemodulator Groups
for Video Terminal applaicataons shall be provided at the associatad
camera and monitor eguaipments. Electrical Performance Requirements
of the Camera and Monitor Video Terminals are identical te those
of the SMDS Modulator and bDemodulator Groups, respectively. These
specifications appear in sections 7.0 and 8.0.
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1.0 SCOPE

This specification describes the devieopment design goals
and major performance specifications of a SMDS major Module building
block indentified as the Base Level/Deck Level Interface Unit.

2.0 APPLICABLE DOCUMENTS

a. The guidelines, trade-offs, and functional descriptions
included as part of-the SKDS Final Report shall be
considered as part of the Mocdule specification,
References cited in Final Report shall be used for
developmental guidance.

b. SMDS Meodulator Group Development Specification
c. SMDS Demodulator Group Development Specification
4. SMDS Wideband UHF Amplifier Development Specification

e, SMDS UHF Signal Power Divider/Combiner Development
Specafication

3.0 ELECTRICAL PERFORMANCE REQUIREMENTS

The SMDS Base Level/Deck level Interface Unit serves
five basic functions as a deck level eguipment assembly. These
are:

a. To demodulate UHF VSB modulated telecommunications
signals {telephone, intercom and dagital data)
originating at other space base deck levels.

bh. To distribute UHF VSB modulated televasion signals
originating at other space base deck levels to deck
level Video Monitor Terminals.

¢. To V5B modulate baseband telecommunications signals
criginating at the deck level (telephone, intercom
and digital data) on separate UHF carriers Eor coupling
to the main SMDS distribution bus for distribution
to remaining space base deck levels.

d. To combine ‘WSBE modulated UHF television carriers
origanating at deck level Camera Video Terminals
with other UHF VSB modualted teliecommunications sig-

. nals originating at the deck level for coupling
to the main SMDS bus for distribution to remaining
space base deck levels.

e. To demodulate master "READ" and "WRITE" clock signals
appearing on main SMDS daistribution bus for operation
of the deck level vame division multiplexing tele-~
communications eguipment {telephone, intercom, and
digital).
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3.1 Baseband Input Interfaces

The Base Level/Deck lLavel Interface Unit shall accept
baseband s:gnals from the following SMDS eguipments:

a. Central Telephone IDlesctronices- PAM (time division
multiplexed) deck level telephone audic dialing and
supervisory signals, -

b. Central Intercom Electronics—~ PAM (time division
multiplexed) deck level intercom audio and supervisory
signals,

c. Digital Stations- Bi-level digital data (time division
multiplexed) signals.

These three basesband TDM information signals ainterface directly with
corresponding SHDS Modulator Groups which constitute the "baseband”
send Signal Processing section of the Base Level/Deck Level Inter-
face Unzit.

3.2 UHE Input Signal Interfaces

a. 'The Base Level/Deck Level Interfacs Unit shall aceept

a 300 vo 500 MHz ainput signal spectrum of VSB modulated

frequency division multiplexed telavision signals from
the deck level Camera Video Terminals via the deck
level sagnal distribution cable.

b, The Base Level/Deck Level Interface Unit shall accept
a UHF VSB modulated Master Taming "READ" Signal
in the 300 to 500MHz spectrum form tne SMDS Main Bus
"Send Line" UHF Bi-Directional Coupler Group.

c. The Base Level/Deck Level Interface Unit shall accept
a 300 to 500 MHz input signal spectrum from che SMDS
Main Bus "Receive Line" UHF Bi~Directional Coubler
Group for recovexry of telecommunications and "WRITE"
clock VSB modulated UHF channels origainating from alil
other space base deck levels and Pirlot and Terminal
Modems respectively.

*

3.3 Baseband Output Interfaces

The Base Level/Deck Level Interface Unit shall provide
baseband signals to the following SMDS eguipnent.

a. Central Telephone Electronics~ PAM (TDM) Space Base
telephone audio, signaling and supervisory signals
in addition to READ and WRITE master clock signals.
h. Central Intercom Electronies- PAM (TDM} Space Base
intercom andic and supervizory signals in addition
£0 READ and WRITE master clock signales.
c. Digital Stations~ Bi-Level digital data (TDM} signals
in addivion to READ and WRITE master cloczk signals.
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3.4 UHI Qutput Signal Interfaces

a. The Bagse Lavel/Deck Level Interface Unit shall provide
a 300 to 500 MH2 output signal spectrum of VSB arplit-
ude nodulated UHP telecommunicatzions channels orig-
inating at the deck level for coupling to the Main
Bus for distribution to remaining space base dock
levels. .
b. The Base Level/Deck Interface Unit shall provide
a 340 to 500 MHz output signal spectrum of UHF VSB
modulated carriers appearing on the Main Bus Receive
Line (rom Receive ILane Coupler) to the deck lavel
Video M-nirtor Terminals via the deck level UHF tele-
vision monitor distribution cahle.

3.5 UHF Ouiput Level and Level Equalization

T7he Base Level/Deck Leval Interface Unit shall have
provisions for UHF signal output level adjustment {composite UHF
output signal levels appearing at the UHF signal port described in
3.2 above) 1n 1 dB steps over the range of ~5 dBm to -30 4Bm.

Thig 25 dB level adjustment is intended to provide for equalization
of signal levels as signals are coupied onze the main bus at deck
levels between main line amplifier locations. Signal amplitude
adjustments at each Base Level/Deck Level interiace unit are made in
such a manner as ko ensure that indavideal signal levels appearing
at the input to the main line amplifiers are within tl1 dB of the
main line amplifier optimized signal input level, t is recom-
mended that level adjustment be accomplished by manual gain control
of the cutput buffer amplifier using a passive interstage current
controlled attenuator similar to that described in the SMDS Main
Line Amplifier functional descraption given in section 4.2.1.4 of
the Final Report. '

3.6 Interface Characteristics

The Base Level/Declk Level Interface Unit shall have electri-
cal interfaces corresponding to those defined for the individual
subunits compraising the unit. The concepiual Block Diagram shows
the interfaces of these subunit building blocks.

3.7 Sizae, Weicht and Power Consumption

The size, weight and power consumption of the Base Level/
Daeck Level Interface Unit shall be consistent with the recommended
mechanical and maintainability gurdelines recommended for the SHDS and
withirn the packagaing and interconnscting constraints imposed by the
.redundant integral suvbunits which comprise the SMDS un:pt.
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3.8 Redundancy Peguirements

The subunita which compriso the Bage Lavel/Deck Lavel
Interface Unit shall incorporate block redundant subunits in such a
ranner as to allow required gwitching of units and individuval re-
placement of fairled units on a noninterference basis with operating
units. The size, weight, and power consumption reguirements for
the unit shall include packaging, weight, and power considerations
for implementing the redundancy and associated fault/manual transfer
implementation described in the SHDS Final Report Redundancy
Implementation Recommendations, -

3.9 Fault Monitoring

Suitable indicators shall be provided on the Base Level/
Deck Level Interface Unit to indicate the copesrating mede and condi-
tion of subunits which comprise the unit,

3.10 Miscellaneous Design Guadelaines

The Base Level/Deck Level development specifications must
be considered flexible in terms of developing a totally integrated
S5MD& design. Trade-offs not considered or recognized as problems
in this conceptual phase of the SMDS study may resguire devaations
from the specifications stipulated above.

PAGE 5

pPEV

4-12




SMDS BI-BIRECTIONAL COUPLER

DEVELOPHMENT SPECIFICATION
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1.0 scorn .

This specification describes the perfommance rejuirenencs
of a SMbS functional buirlding block rdentificed as @ UHF Bi-Directional
Coupler.

2.0 APPLICABLE DOCUMENTS

The guidelines, trade-offs,and functional descriptions in-
cluded as part of the SMDS Final Report shall be considered as part
of this subunit specifircation.

3.0 ELECTRICAL PERFORMANCE REQUIRCMENTS

The UHF Bi-Directional Coupler 1s a passive (reactive)
signal coupling device that i1s used in the SMDS to couple and zample
modulated UHF carriers on and off the SMDS wideband distribution
cables. Thelir praimary application is coupling signals cn and off
the Space Base main distribut:ion bus at each deck level. In additacn,
the couplers are used at each deck level Video Terminal to couple
television camera and monitor signals on and off the deck level UHF
video signal distribution cables. Additional uses are found at the
Rotary Joint Electronmics for signal coupling and i1solation application.

3.1 Freguency Range and 2mplitude Response

The UHF Bi-DRirectional Coupler shall exhibit a flat amp-
litude response for both mainline and coupled arms within 0.5 4B
over a minimuam frequency range of 300 to 600 MHz.

3.2 Coupling Characteristics

The coupler shall be a four port device with two mainline
ports and tuwo coupled arm directional ports. The coupled arms shall
exhibirt a minimum directivity of 30 dB over the specified fregquency
range for rain line signals flowing in opposite directions through
the main line connections. The coupling between main line and
coupled ayms shall be 6 4B +0.5 4B, Main Line insertion loss shall
not exceed 0.6 dB.

3.3 Impedance Characterigtics

The coupler port impedancea shall be 50 ohms with a
maximum VSR of 1.3 to L.

3.4 Power Handling Cepabilities

The unit shall be capable of processing signal levels of
1 watt maximum without damage.
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3.5 8ize and Waicht Charactoaristics

Tha coupler shall be of gebminiaturs dosign with maximen
dimensions of 27 % 172" and a maximum volght of 2 ouncaes,.

3.6 Migecellanacus Dosign Guidolinas

Bi-bDirecticnal couplors with the above chavactoristics
ara currently available and, thercfore, dovelogmont effort for this
item 15 considored to be minimal.
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SMDS URF SIGNAL POUER DIVIDER/COMBINER

DEVELOPMENT SPECIFICATION
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1.0 SCCPE

This specificuation describes the parformance requirenonts
of 5MDS functional building blocks idontified as URF Signal Power
pivider/Combiners.

2.0 KPPLICABLE DOCUMENTS

" The guidelines, trade-offs and functional descrimtions in-
cluded as part of the Final Report shall be considered as part of this
subunit specification. -

3.0 . ELECTRICAL PERFORMANCE REQUIREMENTS

The UHF Signal Power PDivider/Combiner is a passive {reac-
tive) signal splitting and summing devace that i1s used in the SMDS to
combine {(sum) or split {(divide) the wideband UHPF signals appearing
throughout the telecommunications system for simultanecus or indepen-
dent signal processing depending on the directaion of signal flow
through the single "common" port of the device., As a divaider, 1t
produces duplicate but attenuated replica of a single UHF 1nput signal
spectrum at each of its output ports. (In the case of the SMDS, the
mumber of i1nput/output ports are two or eight.) As a combiner, the
device produces a composlte but attenuated replica of signals applied
at each of i1ts :ndependent input ports at che comron signal output
port. The unit is used in the Base Levcl/Dack Level Interface Unit
{8~way divider/combiner), SMDS Main Line Amplifier, Pilot Termanal
Modem and at the SMDS Rotary Joint Electronics.

3.1 Frecguency Range and aAmplitude Response

The UHF Signal Pover Divider/Combiner shall exhibit a flat
amplitude reponse at output ports (port) withan +0.2 dB over a mini-
mum frequency range of 300 to 600 MHZ.

3.2 Insertion Loss

The Divider/Combiner units shall exhibit a maxamum internal
dissipative insertion loss above theoretical powar division loss of
0.5 dB for iwo way divider/combiner units and 1.5 dB for eight way
units, ’

3.3 Port-to~Port Isolation

The output (input) port-to-port isolation shall be 30 &B
minimum across the specified frequency range.

3.4 Input/Output Impedance Characteristics

The Divider/Combiner ghall exhabit a 50 ohm terminating
smpadance at each device port with a maximum VSWR of l.3te 1 over the
speciiied {requency range. '

.
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1.5 Power Handling Capability

The devige ahall process compozite signal levels.to L
watt without damage.

3.6 gi1ze and Weight Characteristics

The units shall be designed for minimum gize and weight
and shall not exceed the following limits:

2-way (with connectors)

Size: 1.0 x 1.5 % 0.75 inches Weight:2 ounces

g-way {(Printed Circuit}

Size: 2.0 % 2.5 x 0.75 inches Weaght:4 ounces

3.7 Miscellanecus Design Guidelines

Reactive subminiature power divider/combiners with the
above characteristics are currently available and, therefore, develop-
ment effort for these units 15 considered minimal.

-
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SECTION 7.0
SKDS MAIN LINE AMPLIFIER



7.0 SMDS MAIN LINE AMPLIFIER

7.1 ACCOMPLISHMENTS

This study has resulted in o recommeandad cenfiguration for o SMDS Main Ling
Amplifier which will meet the overall main line amplification requirements ne¢ded to ochieve
desired SMDS parformonce. The functional description of this unit is previded in Volume 1,

soction 4,2,1,4, of this report. _

The distribution and control of wideband telecommunications signals throughout
Space Base required the investigation of many different system implementation techniques., Any
porticulor implementation scheme studied had certain advantages over the other, but almost
alwoys in o different respect depending upon which parameter or system choracteristic wos under
n‘&::onsideration. The use of multiple transmission lines for instance, to indepandently process the
;;:cnous Space Base telecommunications signals, wos the subject of o comprehensive trade study
{details of which have been summarized in section 4.0). This approach demonstrated that actual
hardware implementotion to achieve desired performonce was simpler if time division multiplex
(TDM) signals were processed separately from frequency division multiplex (FDM) signals. This
approach also provided a degree of redundancy that obviously is not an inherent feature of a
common or single distribution bus approach, which was ultimately selected for implementing the

recommended Baseline S stem.

It wos recognized early in the study, ond subsequently concluded, that Space
Base video distribution requirements {a specified minimum of 20 video chonnels requiring a
mismum of 6 MHz bandwidth) would have a major impact on the evolution of a final system
design. If en optimal system configuration was to even be approoched within some of the overall
SMDS major design constrants (size, weight, complexity, and minimum power requircments
along with maximum system reliability, component commonality, and performance) it bacams

apparent that the SMDS video distribution requirements must necessarily influence final system
design.,

: A major design consideration, that required resolution, wos moking the selected

TDM audio and digital signal disiribution tochnigues compatible with FDM videe distribution so

~ 0% not to require seporate types of equipments for each type of signal. In other words, the



selected approach was to achiove maximum 2quipment commonality end compatibllity in order to
minimize unique pleces of hardware. System relicbility was postulatad on incorparating block
redundancy of these common building blocks and system availability wes orhanced by minimizing

the number of unique spare modules neaded for system maintenance.

The problems of widzeband signal distributi:an through cable systems carrying video
signals have becoms more and more a concern of the CATV indusiry, which is constantly baing
faced with increosed parformance demands. These problems are similar to those encounterad in
the SMDS wideband cable distribution system, due to the large number of widebond medulated
UHF carriers thet must be distributed throughout the Space Base. Ths TDM/FDM comparibility
problems, unique to the SMDS system,do not significantly offect the design of the SMDS Main
Line Amplifiers, since these compatibility interfaces occur ot the SMDS Modulator/Demodulator
Group interfaces and are discussed in section 4,2.5.2 and 4.2,5.3, respactively, h follows,
that the protlems ef signal gistribution throughout Spece Boee can be considered essantiatly
independent of the type of modulation appearing on the individual fraquency division multiplexed

UHF carriars.

The study hes selected active signal amplification in the main distribution lins
over passive distribution, Primarily, this is from the stendpoint of maintaining the relatively high
signal-to-noiss requirements (>40 dB) imposed on the system by the telavision equipments. Ade-
quate design margins were not possible when a strictly passive system was studied for the "y

Space Base concept nor was the desirability of sysrem configuration flexibility considered ade=

quate for a possive distribution system.

The entire problem of signal distribution in any system from ono point to ansther is
signel attenuction or loss. In a wired system such as the SMDS, it Is not possible to overceme ali
system losses by using a single high~gain amplifier; especially, due to the distributed naiyre of
the SMDS which has signals both originating and terminating ot many locations simultaneocusly.

It bacomas necessary to use the concept of repeater amplifiers to overcema signal loues as the
signals ora routed over various paths throughout Space Bate. As pointed out carlier in saction
4.2.1.1, the cascading of those amplifiers results in signal degradation dus to roise and signal

distortions generated internally by cach individual emplifiar.



7.2 PROBLEMS

The SMDS Main Line Amplifier is categorized as a major module building block of
the Space Bose Telecemmunicotions System. The major implomentation proklems to bo considercd
in the design of the Main Line Amplifier are primarily those itemized below:

o, Main Distribution Line Design Considerations

b. Guin and Slope Control Considerations

c. Redundoncy Implementation

d. Size Weight and Power Considerations

Thase problems and the designers approach to the resolution of these problems are cddressed

separately in sections 7.3.1 through 7.3.4, respectively.
7.3 RESOLUTIONS

7.3.1 Main Distribution Line Design Considerations

The function of the SMDS Main Distribution Line is to ossure that infarmation
signals originoting at one Space Base deck level arrives at oll other deck levels with sufficient
amplitude and minimum signal degradation te provide high—quality telecommunications copa~
bility, both to and from any point within Space Base. The wideband noture of the telecommuni-
cations signals, to be routed around Space Base, imposes stringent performance on the main bus
distribution lines and amplifiers. Implementation trades have shown that cooxial cables of o
subminiature‘ variety {see Transmission Media discussion, section 2.5) offer the most advantages
for Space Base application. The primary considerotion in choosing the subminicture caoble was
that uctive omplificotion in the main line bus could be used to boost main line signal levels at
selected locations within the Space Base. As a result, the additional attonuation of subminiature
cables compared to larger and bulkier low=loss cables can be overcome with these line amplifisrs.
Main line amplificetion provides a mecns of reducing the signal level varlations that would
appear on the main bus if periodic gain compensation was not employed. it is possible 1o design
and build demodulation units which will operate with autemstic gein control circuits that can
oparote over ranges in excaess of 60 dB. However, it is intended thot the signal levels on the

main bus not be required ta approach this level variation, since dack level UHF distribution
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fosses cosult in the nood for even more demoduleter dynumle rongs.  Thaso dynemlc renges even
become orger unlese tomo maaons of eyualizing carrier~to=carrier level variarions such that ot
carriors oppear at o domoduluter ot approximetely the soms level regordles: of whers they

originated.

Although signal lavel varietions of 20 to 30 dB can bo folerated on the main bus,
individuo! signal=to-signal lavel varictions of 10 dB maximum hove boen datermined to ke o
realistic dasign gool. Anolysis of o total possive main line disteibution systam has showa that this
signal level variation, even cssuming the usu of a very low~loss fransmission cable (0. 50-inch
diometer or more) is not feasihle, Signal levels on the bus, to provide a main Jine signal=to=
noise ratic of 50 dB, requires levels en the order of 100 mitliwatts (+20 dBm) of & modulator
output compared to less than 1 milliwatt if octive main bus amplification is utilizad. The
additional complexity and parformance requiremanis placed on the wideband ultra~linear UHF
amplifiers required fo process these higher levels, is outweighad by the cdvantages of using lower
lovels and moin line amplification from a hardware davelopmant point of view and from EMI

considerations,

System.dasign objectives must be directed toward meeting the minimum allowoble
signal=to=noise ratios and holding intermodulation and cross-modulation distortion lavals balow

maxinum tolerabla levels.

Extensive subjective testing, conducted within tha television indusiry, has shown
that what might be described as studio quality video transmission can bo ochieved if the main
distribution bus and deck levsl interfuce units can deliver signals to the demadulators with the

following ratios:

Signal-To=Noise Ratlo (4.5 MHz) 50dB {40 4B Min)
Cross-Modulation Ratio 40 dB )
Infarmodulation Ratio 60 dB
Hum=hodulation Ratio 60 dB

While somewhat flexible, the above design objectives are bosed on tho results of e
long serics of complex subjective tests conducted in the post coveral years by the commercial
telovision industry ond conform to prasent sysfem design objectives estoblithed for currant

cormunity cable television distribution systems.  The hwe majer considurations offecting the

-
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above esteblished porformance critoria are: (1) thermal noize lavels prasant In the system andg
{2) amplifier output overload lavels which determines the intertnodulation or cuiput distortion

introduced into the system by tho cascodod mein line emplifiers.

-

7.3, 11 Syster Thermal Naisy Effects

Tharmal noise imposed on a video signal appaars as “snow™ in the background of
the video monitor picture presentation. The problem in the sysiem design is to keep the themal
noise sufficiently lower than rhe desired video signal lovel so that the picture presentation meets
studio=—quality pasrformance. The principle source of themal noise in o closed cireuit system
ohove theoratical levels, is from the active lino amplifiars that are eperated in sories with the
moin transmission line. Theso rapeater or line omplifiers contribute neise to the signal passing
through it by an amount equal to the amplifier noise figure, which is generally expressed in
decibels. The cutpul noise power of an omplifier is me wm of the amnlifier goin {CdB), nolws

figure (FdB), and availoble input noise power [(kTB)BmI.

No = G +F +kTB

whare:

No = Amplifiernoise output power in dBm
G = Amplifier gain in dB

F = Amplifier noise figure in dB

{kTB)XdBn = 10 logk + W0 log T+ 10 log B
k = Boltzmann's Constont
1,38 x 1023 joules/PK
198.4 dBm/OK/Hz

T = Absolute Tamperoture
273°K + 50°C = 323°K
B ='Video Bandwidth '

o

it

= 6.0 MHz
kTB = ~198.6 dbm + 25,1 dB + &7.7 dB
kT8 = 105.8 dim
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The roise cutput of o single umplifier is ther (suming a rominal cmplifiar gain of
15 ¢8 and a noise figurs of 10 dB}

N = 15d3+10d8 ~» 105d8m = -850 dém

The signal level ot the cutput of the wrplifler must then excesd the themmal mols level by S0 ¢8

for ¢ 59 dB signal-to=noise raotio, or have a signal autput loval of =30 dim.

Since the distribution systom consists of more than Just ene omplifier in the sigacl
path thore is a build up of nolse power ot amplifier outputs, In the axcmole chove for a sirgle
amplifigr {(with a given noisa eutput power), a series of these emplifiers will contributs en equol
ameunt of noisa to the system assuming all empiifiers aro operating with the samo goin and hove
the same noise figure. This results in @ cascaded amplifier noica lavel degredation foctor K
which con ba shown fo ba squal to:

K = 10lcgn where K is the increase in noiso loval ot the
output of n emplifiors expressed i1n dB.
Thus, for a series of cascaded amplifiers, it is necessary to toke into account the incroaie of
system thermal noise by tho factor K. For the case of 10 ampiifiers in coscode compared to only
ona singlo amplifier, it is necessory to increase the minimum cmplifier cutput signel lovel frem
~30 dBm to [~30 dBm + 10 log 10] or @ =20 dBm signal level to maintain the desired 50 dB signal-

to=noise ratio.

7.3.1.2 System Amplifier Overload Effects

It would ssem at first, thar the above describsd noise dogrodation due to coscoding
umphf‘ers could be overcome meraly by increcsing the bus signal lavel to maintain tha signel
50 d8 above the noise, ragordlese of whother one or more amplifiars oro connected in cotcade.
The obsolute main bus signal moximum output bocomes o limitation howavar, in that present
stata=of-tho=art {ond that in ths neor fuium)-does.not provide thathigh pewsr outpul, ulira~
linger amplifiers needed for moin line amplification. Thore is presently cansidorable developmant
activity in this arca by the semicondictor indusiry. Currently, tho industry is producing thin
film vhru=linzar amolifiers with modarate cutput pover of the type nasded for Space Bwme
applications. Although tha 300 to 500 MMz ronge hus net baen moda availohle ot this Hma,
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umilor amplifiers covering this frequency bond cre now undor dovelopmonty but stlll, thale cuipur
powers will ba limited to somsthing on the order of o Tew millivots, The performonce paremater
limiting signel cutput power is emplifior lingarity, Whereas high-lovel disteibution could be
edvacoted, the distribution system intermodulation and crossemaduiation raguirsmants mare than
likely could not be met at the mitlivett power levels espacially when o3 rony o: 30 widebond
rltiple corricrs ore enticipated. An Important consideration in astablishing a mein bus signal
tove!, Is to set the moximum distribution bus level balow that lovel which produces undesirable
interrodulotion end cross=modulation disiributions in the bandpass of any of the multiple signoi

carriers.

The presence of extraneous single frequancy and/or crossemedulation effects con
produca a vary noticeable pattern on a Talevision screen. These extraneous single frequencies
aro produced os baat products belween the vorious curriers present on the system transmission bus
or by a cross=modulation affect, where tho modulation on one carrier is imposad on the medula-
tion of onother. Where beot producis fall outside the transmission speetrum or in ground bends
there is no problem with theso interfarences. Howavor, when they oppear inband, cmplifier

tineority must be such that their level is far enough below the desired signals as to moke their

presancs indistinguishable.

Vorious studies have bean parformed which show that the amount of interfarence
that cen be tolerated in the received video channel varies widely os a function of the portion
of the band in which it appeors. Primarily the most sensitive portions of tha video spactrum are
near the corrier, about 1 MHz away from the carrier and at 3.58 MHz which is the color
subcarrier frequoncy in the NTSC system, Although it has been possible in the past to minimize
the offects of these interference signals through judicious carrier frequency selection (six vides
chennals or less), this opproach is totally unfeasibla in @ systerm roquiring 30 chennels or more.
The overall system performanca must be obtained by using omplifiars which disnlay the necesity
tincarity without regord to spscial frequency assignments. In the case of the SMDS frequency
assignments however, second ordar intermodulation effacts have been evoided by chooting @
singlu’ frequency band where all opereting carriers are within @ ens octove band (2:1 frequancy
range} of 300 10 600 MHz. As a rasult, the linsarity of the widshand emplifiors must ba ectually

concemad with third order offocts nemoly Intermodularion end cross-modulation.
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As indlcated corlier, [f woy tiofed thot widsebond onplifien hovs boon peeduced
which exhibit tho required intermadulation ond crou=madulation parfermanca os reguleed for this
Space Boso applicotion.

Just @3 for the case of nalesbuiid~up in coscaded aaplifiers ond the naed 1o Increase
main bus signal levels to overcome this noite, It is necassary to derote tho single ampliiier
nonlingar disiortion parformance characieristies for @ cascade of these omplifisrs, If o single
amplifier has infermodulation preducts down 80 dB from the desired signal cutput tevel for @
given cutput lavel, then o cascade of 10 of these omplifiers will have cross~modulation product
at only 60 dB balow the daesived cutput signel dua to the fuet that for a quantity of N amplifier
in coseada, the cross=modulotion rotie wiil ingreeso by direct addition on o voltage bosis of

cross~madulation products:

Cross=medulation (N Amplificrs) = Cross-modulotion (Single Amplifier)
[ +201og N

However, it is possible to maintain distortion producis at the level of a single emalifier for
serios of coscaded omplifiers by reducing the amplifiers output levels in a ratic of 1 48 level
redyction to 2 dB roduction in cross-medulation, Stated in another way, for a well beheved
amplifiar, cross-modulation products decrecse 2 dB for evary T dB docrease in cufput level,
Therefore, by oporating a widsband emplifier which will prevido cufput signal fevel of =20 dBm

and Intormodulations 80 4B down, o 0 dBm output leval wauld result In distoriion preducks of
~40 dbm.

It can ba sean from the above discussion that cascading end signal leval of
widehand emplifiers play on importent role In specifying wideband emplifier performance, ond

corraspondingly In choosing main bus signal lavels,

7.3.1.3 Salaction OF Optimum Maln Buz Lovels

The cumulative affocts of thormel neite bulid-up ond cutput powar level reducton
required to maintgin o high quality transmicion I o sorles of cosended amplifiers Is depleind in
figurs 7.3.1.3. The lowar figure curves chow tha Insreaos of amplifior noie input lovels vorus

ni_mher of coscuded amplificrs (oiuma fdentical ampilfics with 10 d8 nolee ffgum gain = 15 g8k

-
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Tha requlred 50 dB maln bus tipnol-te~nalen rovle T plotied abave the cescodad caplifiar molse
output taval., This plotted line reprasents the mintmum emplificr cutput signal love! thet con
support the moln telscommunications bus requiremants. Shown chove this Haa Is the casceded
cutput level dagredarion curve which asumes o 0 dBm single emplifier outnyt level with
disfortion products doven 64 dB. By ror allowlng cutput levals to oxcood this indicated uppermest
maximum output level boundary, distortion products canbe maintained 603 dB below output signals

end thereforo, meet system design objectives.

the optimum system [avel is nat nacosserily et ot equal tafoty morging from the
maximum signal overloscd point and the minimum signal=to-noica ratio objective. Experiance hes
shown thot overlood is much more critical thon noito in estoblishing system porformance, The
overload morgin from what could be termed exceliant video troasmission to totally unsetisfactory
is on the order of 5 to 8 dB, This corretponds to e noiss (signal~to-noiso) degredation of 15 ¢8,
agsuming that the maximum numbar of emplifiers to bo coscoded in tho system would be on the
ardor of 10 for most of the proposed Spaca Base configurotions. As seon from figure 7.3, 1.3,
a main bus level of ~15 dBm would provide on aqual overlead/nolse margin of 2.5 dB. By
moving this main bus level down to =20 din, it provides les nolse maurgin in fovor of @ greater
overload margin and could reprasent a more realistic mein bus level. The final eptimum bus
signal lovel will be a factor which must be uitimately datermined during the final prototypa
systam implementation but for present purpesss, a lavsl of «15 dBm on the main bus will ke
assumed. This corralatss to o total composite muliicarrior power lavel of approsimately § afm:

[-15 dBm + (30 % 0.032 mW) = 1 mW or O dBmj.

7.3.2 Gain and Slope Control Considerations

Tha mothed of gain and slope conirol implemented in a main lina emplifier design
will ngcessarily ba tho result of soveral compromisas. As discussed in the provious sactien, nolis
and distortion are the primary factors in setting the performance copabllities of a-porticuler
amplifice. The method of gain and slope control Implemantation have considsrable Impact on

ihe noise end distortion produced by an emplifier,

it can ba shown by enclysts, thet ihe eptimum gain for an Individual arplifisr 1o

Aoverceme the moximum coblo loss and achieve tha longest distributian system wing thess

amplifiess In coscads vould raquire an omplifier with o gain of 8,68 dB. Sirco the infent in
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the SKMDS Is raf to achlsvo the longss cascadud wrtiam wing ulira lowmlos cable but to cptivise
other wytem poramslen (such @ size, walgh!, power consumption commonality, and wlishifingl,
it s necessory to choote omplifier gains whizh atlow for wider mecing of omplifiers: thus,

rowlting in o reduction in the numbsr of anplifiars required.

Vtideband solid amplifioss.with galas In axcesy of 40 dB over octave bondwidths
impose design problams ihot do not hove faasible salutions.  This leaves realizable goin In the
range of approximately 10 to 30 dB. Modaling of the "Y" Spuce Base concept, hoa shown that
thera ara requirements for gaing nominally in the 15 to 25 ¢8 renge. This nacessarily colls for an
amplifier consisting of more then oro stoge end, in fact, for a thin~film integroted circuit con=

figuration, o 30 dB amplifior with o push-pull eutpur cenfiguration uies four stagss.

tf goin control of an emplifier were achieved through the use of fixed attenuation
pads placed on the input or output of o flat fixed gein amplifier, two gistinct offects would be
noted., A pod on tha input would degrade the emplifier neise figure by an amount equel fo the
pad loss. Plocing the same pad on the omplifier culpur does not offect the overell amplifier
nowss figure; however, the ampiifier ovarload level is decressed. Both affects result in decreased
amplifier dynomic range ond has resultad in designs that use';l intorstege goin control and slope
cquelization, In this manner it is possible to roalize o low neise, low distortion emplifier which

con maat system requirements,

The proposed implementation of tho goin control and slope control using possive
voltoge centrolled "bridged tee" notworks, results in gain and slops controls which introduce
nogligible intermedulation or cross-modulation distortion. The varicble elemants in these
netwarks ore curently avoilable PIN dicdes, that have the characteristics of an almost parfect

varieble resistor with achiovable atenuation renges of 30 dB,

Refor to sections 4.2.1.1 and 4.2,1.3 of the Baseline systsm description and the
discuszion on active microwave filters undor the SMDS Group Demodulator proselect filter

discussion in sorhion 4.2.5.3 for odditienal information on gein and slose cqualization,

7.3:3 Redundency Implemantation

The requiremsnr for oporating mainline omplifiers with automatic switching of o

block redundant standby unii (in cass of on~line amglifier failure), fo mset systom reliability
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requiremsnts, impeoaes further constralnts on the crplifler detign, Tho concapsual design b
propoted thot theswe block redundent emplifien bs fed in porollcl via ¢ Forwuy puene divides,
The ouiput of the good omplifier would then bo cennected o the main bus by moam of ¢ wiigs
gtata SPDT diode wwiich, o7 by means of @ two way pover combiner, In either ez further stedy
must be made to detorming fe bast appeoach, In com of follure, a wwltch oparating vedder the
control of o pilot slgnal lovel dotector would connaet the standby amplifier to the main but end
simultongously apply power to that unit and remove powsr from the foiled unit. In ths cowe of
the twa amplifiers oparating inte o powar combiner, that fault detectsr vesuid opply power to the
standby unit ard romove power from the failed units Tho en-line unit would then compansota for
additionol losses coused by combingr mismatching duo to the failed unit with its cutomatic gain
conirol ¢ircuits. The approcch', it is bolioved, would couse inpedonce mismaiching probloms
with associared moin ling signa! rofloctions that connot bo easily compensated dus to the
impedance changas which occur at an amplifiar cuiput port in the powered and unpowored states,
For the same reosons and the additional consideraiion of noise figure dogradation, the uss of the
powar divider on the amplifier input port could be o design risk,  Tho precent svailehility of
solid-state dioda switches with o possible 40 dB of isslation would moke switching of bath input
and output the perfect approach with the only disedvaniege of tha somowhat lowar relicbility of
tha switching devices themselves. Naverihelass, further study in this area is worranted during

the hordware davelopment phase of the SMDS bafore a dofinite approach is selecied,

7.3.4 Size, Woight, ond Power Considorations

Present technelogy hos demonstraied the feasibility of size and weight reduction
that is possible for wideband cmplifiers masting the overoll rcquirements for the SMDS. The
problem remaining which restricts Rurther reduction in the slze and woight of o main fine ampli-
fier assombly is tha periferial components, espocially the AGC and slope cquolizers and esa=
ciated pilot channal bandpass filters. The rapid edvancement of wicrosirip techiology howevar,
whil play on impartant role in both of theso areas. The AGC.and sloge equalizers, eloag with
the polential uxe of rocently devoloped active microweve filkers e pilot filters, con rowlitlno
vary compact mochenicol destgn and could be Lndsriuken ot tho prosent timo. Thorefere, tize

and weight are not considered to bo o preblem requiring eny eaeciol davelopwant offosts,
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Power consumption in ultra-lincor wideband amplifiass ic a problem thot mus, bo
carefully ronsidered. The currently available thin-film amplifier, which has been referred to
saveral Himes.during this-report, has an extremely low cfficiency, Tho manufocturer has queted
input power dissipation of nearly § watts per 15 dB gain block. Although the present thin film
design has the }xecessary hast sink provisions to internally dissipate this pawer, tha problem musi
be given odditional study to make overall system power consumption reasonable. The litorature
has doscribed several appreaches to solving the problem of achieving ultra-linear amplification

at low-powar lavels but has not as yet been conclusive.
7.4 MATHEMATICAL ANALYSIS OF DESIGN

Mathematical analysesof the main line amplifier are contained in the resolution

section of tha SMDS Main Line Amplifier Dascription (section 7.3.1). These analyses consist

of-

a, System Thermal Noise A~na!ysis (see section 7,3.1.1)

b. Optimization of Amplifier Gein and Placement (see section 7.3.1.3}
7.5 THEORETICAL PERFORMANCE OF DESIGN

The theoretical performance of the SMDS mainline amplifier is described in

section 7.3.1. The desired transmission characieristics are summarizad as follows:

Signal-to=Noise Ratio (4.5 MHz) 50 dB (40 B Min}
Cross-Modulation Ratio &0 dB
Intermodulation Ratio 40 dB
Rum-Modulation Ratio 60 db

7.6 EXPERIMENTAL PERFORMANCE OF DESIGN

No actual experiments were porformed as part of this study. However, much of
the oxparimental work porformed by the television industry is referenced throughout the study.

7.7 7 TRADE OFFS

-

Several trade offs were performed as part of the mainline amplifier design ond are

described in the noted soctions, volume | of this report.
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a. Section 2,3, Video implomentation

b. Section 4.1.3, Active Versus Passive Distribution Sysferms _
c. Secticn 4.1.4, Caoble Routing Tredes for SMDS

d. Section 4.1.6, Coriier Frequency Selection far SMDS

e. Sectian 4,2.1, U.H.F, Distribution Subsystem

One arao requiring further study is tha extension of bandwidth to allew DSB
modulation of the various information channels. This extension of bandwidth would imposé
a greater demand on the SMDS main line amplifien design. A further-deséription of this study

task is given in section 5,2.3.1,

7.8 SUMMARY [

- t

The characteristics of the SMDS main line amplifier have been studied in consider—
able detail. A discussion of the amplifier implemeniation hos summarized what 15 considered to
be the primery considerations to be meds in configuring an automatic gain and slope equalizing
moin distribution amplifier. The recommended umplifier meets.the study objective of dafining
an amplifier configuration that can be adapted for use in aimost any SMDS configuration. It is
felt that the only major davelopment problem centers around ‘the reduction of power consumption
of thin-film integrated amplifiers, since development fo date would show that all other necassary
performonce parameters can be achieved using presently available techniques.

~

SUMMARY NOTES

1. The SMDS wideband amplifier is a component of the SMDS main line ampli-
fier. Therefore it is not discussed separately since’ifs design has been
predicated primorily upon main line amplifier requirements, Soe tho Widebard
UHF Amplifier Subunit Spscification and section 4,2.5.1.2 for functional

description,

2. Discussion of the Base Leval/Dack Leve! Intarfoce Unif consists of SMDS
subunit buiiding blocks and is not discussad as o seporats unit.  See discussions
ond spasificotions of SMDS Demodulolor 'Group. Soe Deovelopment specifica-

tion en SMDS Powar Combiner and Base Leval/Dock Lavsl intorfoss Unis
functional descriprion in section 4.2.3 of volume |,
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3. Discussion of the SMDS Video Terminals consists of SMDS Moduloior Gmups
ard SMDS Demodulator Groups. Sza discussions on these units and the
devalopment spacification on the SMDS Video Terminals. Ses section 4.2.4

for functiono: description.
7.9 SCHEMATICS AND DRAWINGS DEVELOPRED

The drowings relating to the main line omplifior implomentation appeer in section

4.2.1.4, Main Linc Amplifier Dascription, of this report.
7.10 DEVELOPMENT SPECIFICATIONS
The following development specifications are provided as a part of this sectien:

!. SMDS Mainline Amplifier Medule
2, SMDS UHMF Amplifier Subunit
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1.0 SCOPE

This specification describes the doevelopment design gozls
and major performance specifications of a S8MDS major module building
block 1dentified as a SMDS Main Line Amplifier.

2.0 APPLICABLE DOCUMENTS

a. The guidelines, trade—offs,.end functional descrip-
tions included as part of the S8MDS Final Report shall
be considered as part of ihizs module gpecification,
References cited in the Final Report shall he used for
developmental guidance.

L. SHDS Wideband UHF Amplifier Specification
c. SMDS UHF Bi-Directional Coupler Specification

d. SMDS UHF Power Divider/Combiner Specification

e

3.0 ELECTRICAL PERFORMANCE REQUIREHENTS

The SMDS Main Line Amplifier shall provide low noase/dis-
tortion amplilification and level eqgualization of up to 30 separate
vastigial sideband, amplitude modulated, UIF telccommunications car-
riers apnearing on the Space-Base main telecommunications bus. The
main line amplification and level equalization {across the 300 to
500 Mliz frequency spectrum} 1s provided to cvercome main bus c¢caxial

cable attenuation and the insertion/coupling losses of deck level
directional couplers.

3.1 Operating Frequency Range

The Main Line Amplifier shall accept UHF carriers in the
frequency range of 300 to 500 MHz.

-

3.2 Operating Gain and Slope Equalization

The* Main Line Amplifier Gain at 500 MHz shall be adjust-
able from 12 to 25 @B, The amplifier gain at 300 Miz shall be ad-
justable over a range of +10 3B of the 500 MHz 15 dB gain setting b
means of an appropriate interstage cable equalization (talt) control.

3.3 Gain and Slope Equalization Accuxacy

The !Main Line 2mplifier gair and slope egualizations shall
be maintained within +1.0 48 of a flat response across the 300 to
500 ™Ilz operating bandwidth when measured at the amplifier s:ignal
oukput port. This shall occur when the amplirfier has been properly
adjusted for the specific main bus coaxial cable attenuation versus
freaquency (slope) characteristic and flat insertion losseg of coupling
devices between the output of the preceding mawn line amplifier aand

PAGE 2 iy
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the i1nput of the spacific amplifier under tese. An equal amnlitiude
svent test gianal from 300 to 500 MHz inserted at the output of the
preceding main line amplifier {main bus cable input) at the normal
amplifier output level shall produce the specified responce galn
flatneas over all operating modes {(i.e. redundant standby amolifier
in operate mode) and environmental operating conditilons.

3.4 Automatic Gain Control

Automatic gain control of “he wain line amplifier shall
be provided to compensate for input signal level changes of +5 dn,
The automatic gain control shall operate on the composite signal
level of the highest frequency UHF fastery Timing Channel anpearing
at the top UHP spectrum band edge (480 to 500 MHz). Output levels
shall not change more than +1.0 4B for input level changes over this
range.

3.5 Automatic Slope Egualigation

Automatic slope equalization of the main line amol:ifier
transfer characteristic shall be provided to compensate for input
signal level changes of +5 dB. The automatic slope coptrol shall
operate on the composite signal level of a Master Timing Channel
appearing near the middle o lowsr edge of the UHF (300 to 500 "z}
spectrum. Slope egualization shall be maintained within +1.0 dB
for inwvut signal changes over the specirfied range.

3.6 Hoise Figure

The noilse figure of a redundant Main Line Amplifier
configuration shall not exceed 10 dB over the operating freguency
of 300 to 500 MHz and all specified operating conditions.

3.7 Multichannel Overload Level

The intermodulation and crossmcodulation distortion pro-
ducts produced under all specified operating conditicons shall not
exceed a level of ~80 dB below a multichannel (tharty, 6 Mliz channels)
overload level of 0 dBm. Crossmodulation levels shall be the anount
of modulation appearing on any single unmodulated UHF carrier as a
result of simultaneous 90% modulation of all othex SMDS UHF carr:iers.

3.8 Input/Output Impaedance Characteristics

The Main Line Amplifier shall have input and output inped-

ancy of 50 ohms with a corxrregponding VSWR which shall not exceed 1.5
to 1. *

3.8 Fedundancy Provisicns

The Main Line Amplifier shall be implemented with autenatic
block redundant switching of a parallel standby amplaf{ier unit by
means of appropriate threshold detection ol a present AGC master
timing {(pilot) minamum allowable signal level.

Lai
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1. 10 Fault Detection Provisions

In addition to the autcmatic redundant amnlifiesr trapsfer
requirementa gpecafied in section 3.9 above, appropriate irdisotor
stgnalas shall be provided te indicate redundant unit o~-rationa)
status (1.e., abnormal coperation or unit fariure) and the ocourande
of sutomatic transfor shall bhe provided,

3.11 Power Sunply Pequircments

The Main Line Amplifier shall accept maximum of twoe dual
nolarity- DC i1nput voltages with a maximum level of 30 volts. Total
input power shall not exceed 12 watts with a design goal of 8 watts,
Primarv DC power supply overloads due to internal unit faults shall
pe prevented by use ¢f approprlate overload and surge proczective
davices or ciruitry.

3.12 Size and Weight Requirements

The Main Line Amplifier shall have a maximum werght of 3
pounds wath a design goal of 2 pounds. Unit volume shall not oxceed
36 cubic inches with a design goal of 24 cubic inches. Unit form
factor shall be made compatible with overall system maintainability
and packagane constraintstio be specifaed.

3.13 Miscellaneous Design Guidelines

Modulator Group development specifications must be con-
sidered flexible in terms of developing a totally integrated SMDS
dasian. Tradeoffs not considered or recognized as problems in thas
study shall be made as required as a part of the SHDS hardware de-
velopment phase,

HanE 4
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S¥DS UHP AMPLIFIER SUBUNIT
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1.0 sSCort

Thie specification describes the developrent lesiar aeoals
and maynr performance specifications of a SHDS functicnal buildi-o
block identified as a UHP Wideband amplifier,

2.0 APPLICABLE. DOCUMENTS

The aquidelines, trade-offg, and functional descriotions ina-
cluded as part of the SMDS Final Peport shall be considered as »art
of this subunit specification. References cirted in the Final Feport
shall be used for developmental gurdance.

1.0 CLECTRICAL PEPFORMANCE REQUIREMENTS

The UIF Wideband Amplifier shall be utilized as an univer-
sal URF gain celemaent throughout the SMDS. 1Itg design shall be com-
catible with the requircments of wideband, low distortion amplifica-
tion for applications in the SMDS Main Line Amplificr Group in ad-
drtien to uses as a buffer amplificer/preamplifrer for the processing
of UNF signals in the Base level/Deck lLevel Interface Unit, Pirlot and
Terminal Hodem, and Rotary Joint Elegtronics.

3.2 Amplifier Operating Prequency Pange

The UHP Wideband Amplifier shall have a minimum l 48 bana-
width of 250 MHz extendaing from 275 MHz to 525 MHz with a maximuy- ip-
band ripple of +0.5 dB.

3.2 Gain and Noise Fiqure Characteristics

The amplifier shall consist of two gain blocks, both
mounted on a single thin film substrate, the intent being the de-
velooment of & universal amplifier device suitable for applications
descrihed in 3.0 above. fThe first gain block (low noise) shall have
an absolute gain of 15 dB +1 4B with 2 noise figure of 6 dB maxinus.
The second gain bleck (high power output} shall have a gain of 15 d3
+1 dB with a noise figure of 10 dB maximum, The input and output
ports of each gain block shall be individually accessible eXternally
to the amplafier package.

3.3 . Power Output Capability

The individual gain blocks shall meet specifred intermod-
ulation and crossmedulation performance requirements when processing
30 vSB amplitude modulated carriers when individual carrier output
levels are as specified below;

Low Noirse- Gain Block -15 dBm
High Power Gain Block 0 dsm
7 3.4 Intermodulation and Crossmodulation Distortion Products

Bach gain block shall not produce intermodulatioh or

PAGE 2 2.
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crossmodulation distortions greater than 80 ¢b beloe dedirad si1anal
levels when oporating ab specified marimuem output sianal lovels foy

a total of thirty & Miz spaced channels. Standard neasuresent tech-
nigues wsing synchronous {(simultaneous) modulation of all channels
shall be used for crogsmodulation mesasurenents.

3.5 Reverse Isolation

Each Amplifier Gain Block ghall exhibit o minimum of 30
4B reverse lsolation. -

3.6 Input/Cutput Impedancoe Characteristics

The CUHF amplifiexr gain blocks shall have input and cutnut
impodances of 50 ohms with a maximum VSKER of 1.5 to 1. The amplifier
shall he unconditionally stable for all termination impadances frem
open to short at any phase angle. It shall be possible to connect
and operate each gain block separately or in cascade with passive
gairr and slope egualization networks between gain blocks. Direct
connection of the Low Noise block ocutput to the haign power block
input shall result in an amplifier with an overall gain of 30 dB
minimum and -3 dBm maxaimum output power with distortions 80 4B bolow
desired signal output levels.

3.7 Power Consumption

The pvower consumpiion of each stage shall not exceed 2
watts for 30 volts maximum input veltage.

3.8 Size

The amplifier shall be of thin film construction with
suitable thermal heat sinking provided. The device shall be pack-
aged 1in a standard TO-3 package or eguivalent maximum volume.

3.9 Miscellaneous DResign Guidelines

If additional study of the SHDS should reveal that two
or more separate thin film amplifiers are more desirable than a
single universal unit, this flexability should be considered in
determining the final SMDS Wideband UHF amplifier configuration(s)
to meet all system applications.

Eromrwecen. PACE 3
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SECTION 8.0
SMDS MODULATOR GROUP



FUTIN

8.0 SMDS MODULATOR GROUP

8.1 ACCOMPLISHME NTS

This study has resulted in o recommended configuration for a SMDS Modulator
Group which will meet the overall moduletion requirements needad to achieve desired SMDS

performance. This unit was functionally described in section 4.2.5.2.

It wos recognized early in the study that one of the functional requirements of
hardware to be developed for the SMDS waos a groupof hardware that would permit the multi-
plexing of wideband (4.5 MHz) video chonnels onie o common tronsmission medium to be
distributed throughout the Space Base, with the transmitred information originating ot various

deck level locations. -

Trades conducted throughout the study have led fo a baseline system configuration
which uses a frequency division multiplex (FDM) technigue to couple approximately 30 of these
wideband modulated corriers to a unidirectional coaxial coble transmission bus loop. Due io the
distributed nature of the SMDS, oppesed to a system where frequency multiplexing (stacking
functions for all channels are performed at one location, it become apparent that some functional
single~chonnel equipment was needed that could be operated independently of other frequency
multiplexing equipment but still achieve the same function of conventional multiple~channel

FDM equipment, which normally operaies at a central location.

In conventional FDM equipment, multiple baseband information signals feed
individual channal medulators physically greuped together af a single focation whose outpufs ore
combined and Fed into o single transmission medium from the combiner output, whather the
transmission medium be a cooxial cable or RF radio link. This agoin, is for the case where oli
basehand signals to be hansmitted are routed from a single location where all input signals are

present ot the combined equipment location.

The purpose of the SMDS is to distribute wideband information signals (video ond
high~speed time division multiplexed telephone, intercom, and digitel data) originating ot any
Space Base deck level to ol other deck levels. The method selected for performing this function
is to place the individual chennel frequency multiplexing transmitters physically adjocent to the

telacommunicotions signal sources af ecch deck leval of the Space Base, These signal tronsmitters

-1
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ara identified os SMDS Modulator Groups and are functionally described in saction 4.2.5.2.
These units tronslote wideband date onto moedulated UHF corriers which are subsequently coupled

onto the main transmission bus.

The primory goal of specifying the function and performance of the SMDS Modulater
Group is-to ensure compatibility of the modulator, especially the medulator wideband video
input circuits, with both the composite onalog video and the PAM oudio and digital data pulse
streams. This approach sliminates the use of separate units for each function and provides o
degree of equipment commonality that if not implemented would considerably compremise the
overall SMDS equipment design goals. This is not to say that there will vltimately be complete
function interchangeability between video, PAM, or digital but thet the required compatibility
be achieved at least by o medulator function selector switch which is o part of a single SMDS

module, designated o Modulator Group.

8.2 PROBLEMS

The compatibility problems are oddressed in more detail in the resolution section
{8.3) which describas solutions to the problems encountered in the design of a distributed multi-

plex system such as the SMDS. The Modulator Group is one of the fundamental building blocks
of the SMDS.

Primarily the problems encountered by the Modulator Group designer are:
a. Input/Output Signal Processing Compatibility.

b. Vestigial Sideband Filter/Delay Equelizer Implementation.

c. ‘ Frequency Upconversion Techniques.

d. Spurious Ouiput Signal Suppression.

e. Size and Weight Minimization, T

f. Powet Consumption Minimization.

g. Testing Technigues.

Detoiled discussion of these recognized problems with potenticl resolutions are

covered simultaneously in the following saction.
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8.3 RESOLUTIONS

8.3.1 Video and PAM Input/Qutput Signal Processing Compatibility

The use of a common functional signel processing equipment to modulate similer,
yat in some ways dissimilar, input signals on o UHF carrier creotes a dilemmo for arriving ot o
collection of specifications for the Modulater Group™ The primary problem is ong of resalving
the differences in input signal characteristics and spacifying overall performance and tost
requirements to be compotibla with all types of signals fo be processed. Whereas, one particulor
performance parcmeter may be of little significance in television video performance, this same
porameter may require stringent control for the tronsmission of audio or digita! information ina
sotisfactory fashion. And finally, even if specifications are successfuily determined, testing to
these requirements moy be unfeasible, tima consuming, and perheps unmeoningful, especially in
attempting to correlate the subjective performance evaluations of audio ond video to tested

performonce parameters. f

'
The common transmission link through which all telecommunication information Is

processed on the Space Base can be considerad to begin end end with o SMDS Modulater Group
and Demodulator Group. All parts of this overali link have certain performance requirements in
common, The link must be able to carry the signal with minimum degradation which means that
signal levels over the amplitude and frequency of the system and the relative phase of all fre~
quency components of the baseband telecommunications signal must ba preserved. As o minimum,
it follows that the general characteristics of the end-to~end link performance that must be speci-

fied are:
a. Tronsmission linsarity (the amplitude frequercy rosponse of the link)
b. Phase linearity (normolly specified in terms of envelope delay)

Cepending on the particular method of transmission selected, the intermadiory
interfaces may require various forms of compansation ond equalization. [n the case of the
madulotor, where vestigial sideband modulation is used, the attenuation of the lower sidebond
while pessing the upper sidcband ar full omplitude does not constitute a flar response at the
modulator output. Overal! flat amplitude iesponse mey bo restored by compensating for this

assymetrical modulator output in the demodulotor.,



The V58 filtering s on intentional emplitude distortion introduced into the modu~
lation system to conserve transmission bandwidth, A second type of distortion peasent {s that
introduced into the system to compensate or equalize inherent nonlinsar distortions produced by
the non-ideal transfer characteristics of equipment components, For exampla, ol! pass deloy
compensation networks must be used fo equalize envelope delay of the baseband signal across the

input signal passband.

[t has been suggested by this study that the NTSC color television system be used
for color telavision transmission throughout Space Base, As indicated earlier in a color systam
trade siudy (see section 2,3), there are several alternative systems that could be utilized thot ore
al vorious stages of development and perhaps even a more optimum color system not even consid-
ered or yet developed. There are known adventages and disadvantages of each color system ond
these must be weighed carefully before a final system choice is made taking into account the

overall desired performance versus simplicity, size, weight, etc.

Regardless of which system is finally selected, it is o fact that all of these systems
share many common features and, as a result, require similor transmission channel choracteristics.
Very briefly, television tronsmission is accomplished by transmitting a series of still pictures or
"frames" of a rate which is fast enough that these pictures appear continuous fo the eye when they
are reproduced on a television monitor. The individual picture fromes are formed by scanning the
imoge to be transmitted that has been focused on a light sensitive image target of the television
camero pickup tube. The scanning is accomplished by on electron beam which produces o volt-
age (at the camera tube output) proportional to the value of image luminance or brightnass at the
corresponding position of the beam spot as it strikes the tube target image. By scanning an image
with three separate camera tubes simultaneously, or a single tube sequentially, each tube being
sensitive only to one of the primary spactral colors (rsd, blue, or green), it is possible to convert
color images into electrical signals. By periodically interrupting the rapidly varying image
luminance voltage with suitable scanning synchronizing signals, and coding the color information
onto a subcarrier signal which is summed with the luminance ond synchronizing signals, the
composite video signal is formed, éenemlly, it is only the color coding technique used in the
various systems that mokes any one porticular color system unique. The color coding fechnique
ond the desired image resolution offect overall system bandwidih, The color coding technigque

primorily sers the amplitude and phase linearity requirements for the video sytiem.
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Whereos, the color video signal Is a vory complex wovefarm mode up of severa!
signol types (luminance, color hue ond saturation, blanking, synchronizing, olc.), the PAM
audio and digitel dota signals are a stream of multilevel constont width {(RZ ~ return=to-zere)
pulsos. The amplitude and phase linecrity requirements for the transmission and recovery of
these signals by anclogx with ihe video signals are intuifively of the somo degres. The multiiovel
(PAM! pulses that would be driving o SMDS Modulator from a telephone or intercom con be
eyuoted to the transmission of a monochreme “chackerboard” television test pattern where the
"tone" of each square represents a different light intensity ranging from white threugh various
shades of gray to black. The transmision of bilevel digital data would ceriespondingly compars

with the transmission of a monochrome black and white checkerboard telavision test pottam,

For a standurd V5B relevision tronsmitter, the carrier emplitude is varied betwean
madulation percontages of 12,5 and B7.5. The laval of modulation is contrelled by the instan=
tansous magnitude of the composite video waveform. Nagative polarity modulation is used which
simply means that {or on increase in fmage brightnoss, the tranemitrer corriar is correspondingly
reduced in amplitude. The composite television signal levels are allocated in the following
manner. Active picture luminance values are fransmitted with peak white representing 12.5
percent of maximum carrier level and peak black information rapresenting 75 percent of maximum
carrier level, Modulaticn levels between 75 and 87.5 percent are used to tronsmit blanking
ond synchronizing pulses. (Blank and synchronizing pulses do not appear on the monitor screen
since 1heylcre transmitted ot levels corresponding to blacker than normul peck image black levels.
In fact, these pulses are of such on amplitude os fo completely bios the monitor electron scanning
beam off.) Commercial or standard television minimum carrier level is limited to 12.5 percant
since it is required for the recovery of the accomponying audio signal. Since on SMDS system
does not carry simultaneous audio in the 6 MHz channel along with the video signals, there cre
no restrictions on proventing carrier cutoff. However, this should not be a normal SMDS video

tremsmission mode except as required for the PAM pulsed information dascribed below.

Carrier cutoff is o mode of operation required of the SMDS Modulater when
processing PAM or bilavel digital date; thersfora, the modulafor should b designed to provide
for linear operation all the way from 0 to 1€0 percent modulotion. [n this mode of oparation,

the modulator must operato as a pulsed amplitude madulator whose output is-a pulsed RF carrier
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with an envelope omplitude corresponding to the smplitude of the sompled audio or digitel signgl
level. Employing On-Off koying of tho mudulater carner under tha contrel of an incoming
pulss streom requires that the modulating pulies be superimposed on o direct~curren* voltage
bios level which corresponds to a corrier off condition. This requires direct-current coupling,
of some form, through the modulator input steges fo key the carrier On ond Qff.  This is nof

compatible with stonderd video requirements.

V

[t is o foct thot direct-current transmission is employed in standord telavision,
This Is accomplished by sampling the level of the constant amplitude composite video waveform
synchronizing pulses. This sampled level is then used at the transmitter ond raceiver fo insert o
direct=currant bios level at the video modulator and detector, respectively, to re=estoblish the
averags picture brightness of the transmitted signal. This is accomplished without using direcr=
current transmission throughout the system. Infact, the nomal video system usually roquires only
o minimum lower cutoff frequency of severcl Hertz below the video picture field rate of 60 Hz.
{Recall that tho upper trarsmitted video cutoff frequency is approximately 4.5 MHz.) Stefed in
a different way, direct-current transmi:f.sion is used for conventional video but the carrier is
always present, This is not compatisle with the system requirements for o modulator with On~

Cff pulsed carrier operation.

The requirement for pulsed On~Off AM carrier operation might be better understood
if the overall system technique of telephone, intercom, and data transmission between deck lovels
on the Space Base was reviewed at this point. Digital dota and PAM audio (phone or intercom)
are tronsmitted on the Space Buse main transmission bus using o form of time division multiple
access. In this lechnique, o single 6 MHz portion of the main bus transmission spectrum is
assigned for each of these functions, Thot is, oll Space Bose telephone oudio information is
transmitted and receivad in a single &6 MHz bandwidth, All intercom audio information fs
transmitted in o second, but identical, 6 MHz transmission channel and similarly, all Space
Bose digital dota is carried in a third 6 MHz trensmission channel. These 6 MHz transmission
channels have characteristics identical to thoss used for Space Base video transmissions, except
that o separcte & MHz channsl is sssigned for each camsra since the entire & MHz bendwidth

channel is required to transmit a single NTSC color television image.
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In the cate of telephons, intercom, ond digital duta gock individual jalcphone,
intarcom, ond digital station ir assignod o spacific time slot in which it maoy fransmit infoumgtion
on the main bus (in its respoactive 6 MHz chawnsl). This is to say Hhat cach trangmitier hos excly=
tive uss of the main transmission bus during this presssigned timo interval. As long ot eoch vait
transmits in its preassigned tima interval there is no intoroction among al! of the units kronmmitting
on the main line. Taking telephons opsration as an example, the muin bus access time for o
particulor telephons is a function of the Nyquist rate ot which the audio voltags output of the
tolephone micorphone is sampled to produce a pulse~omplituda medulated data streom. Those
valtage samples are then assembled into a continuously interleaved data streom on the main bus,
reprosenting instantaneous telephone audio, dialing, and supervisory contrel informatien of ell

telephones.

Tha data information for a particular phone then occurs paricdicelly of o definite
repetition frequency which is the frame repetition rate of tha system. The frame ropetition rote
for all other telephone channals would be the same but would occur of different times. The
control of the Hme slot assignments of porticular phones is accomplished by means of the master
clock/frome signal routed oround the Space Bose in onother 6 MHz chonnel dedicoted for that

pupose.

. The preceding paragraphs of this saction raveal the major prab!em; faced by the
modulatoer designer in achieving video and PAM data signal processing compatibility. The
discussion only briefly touchad upon the subject of definitive transmission ink equipment,
namely modulator performance requirements. The designer must know very precisaly the chor-
cteristics of both types of transmitted waveforms to determine the most prastical opproach io

implementing the SMDS Modulator Group as o piece of hurdware,

*

Transmission linsarity con bo specified in o number of woys, For instence,
harmenic distortion or intermodulation distoriion measuraments which are meoningful for audic
frequency systems could also ba performed on widohond video systems. Howaver, tho results of
such tosting would have litile bearing on the observoble effect of a video signol as displayed on
a television moniter. On the other hand, the systam amplituds and phese linsority porformance
required by the SMDS PAM time division multiplexing eauipment would require poerhaps o

grecter degree of system lincarity thon rhat for ths vidao signal to meet overcll systen
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paiformance objectives. It would ba desirable to meks the ultimate system performance ond the

performance testing techniques compotible and identicol for both types of modulater input signals,

Deafinition of the porformonce reguiremenis of the video trommission link for tha
NTSC color television systam have been the subject of years of research and analysis. Mathods
of correluting theswo performance requirements to actual obssrved system porformanca have been
refined axtenzively and hova resuited in o veriety of test methods which allow system dasign
ond mointenance fo be performed in a relatively streightforwerd manner, Required system
performance parameaters of frequancy versus amplitude and phase linearity are known and con be
meosured, compared, corrected, and controlled. Types of distortions, such as frequency responsa
and phase response, are obviously detrimental to both videe ond PAM signals, Distortions such
as difforential phase, likewiso, could be much more defrimantal to NTSC color video than PAM
transmission. The basic problem at hand is that whila video performance can be predicated and
tosted, pulse amplifude modulation performance (especially in the proposed SMDS Boseline
System) hos not been correlated to video performance when the transmission link is choracterized
by video performance specifications, With a real transmission channel, intersymbol interferonce
and relared disrortions in the PAM squipment will oiways ba present. The degree depends upon
tha designers ability to optimize the channel. At this time, without further study, it is antici-
poted that the bounds or approximations of actual PAM performance would be extremely tedious
to derive wit! - having some amount of empirical experimenicl date obtained from o working

{oasibility model of the system. -

For the purpose of this study, the video and PAM transmission 'ink requirements will
be assumed to be compatible and in ferms of the video performance obiectives. In those instonces
where compatibility is not known, these areas will be identified., The ultimate resolution of the
Modulator Group signol processing compatibility must bo identified as a problem that will demand
further study. This study may show that the Modulator Group implemantation will require two
completely different swirch-selectoble modulator input processing circuits, See block diogrom
of Modulator Group, figure 4.2,5.2.1, which shows o separate "Dote Processor” functional
circuif block os part of the "Video Modulation Assembly.” The SMDS Modulator Group testing

critario witl be assumed compatible with present state~of~the=art video parformance festing
tochnriauas,



l
68.3.2 Vastigial Sidebond Filter/Delay Equalizer Implemantation

Tha implemaniaiion of the vestigicl sidehand filtering in the SMDS Madularor
can baslcally be accomnlished using oither of two basic techniquos, This irplementation olso
has o groat deal of influence on the tochniqus used for emplitude modulating the UHF cemier,

The Modulater Group could have %r:!cep the ferm of o continusus-wava (CW) UHF
signal source whose amplifude was varied of the vides rate by o high frequency widsbond modu~
lating stage functioning essentially os a voltega~confrolled varioble otienvater. The output of
the moduﬁhg signal would then be o conventional double-sideband AM signal.  his signal
is then processed through @ UHF filter (funed to the oppropriate UHF meduletor output frequancy)
having the required lower sideband ottenuation requirements needed for vostigial sidebond trons-
migsion. Because of the requirad sharp cutoff characteristics of this filter, it is also necessory

to equalize the group {envelope) delay acress the passband.

In a multichannel system {such os the SMDS whore o primary goal is equipment .
commonality} the implementation of the VSB filter end equalization at the final UHF oporating
frequency would require that svery modulator in the system hava infarchangeable chonnel fiiters,
each one tuned for o spacific opaiating channel. This would require over 20 differont filters and
equalizers for the syster, The physical realization of theso filters ot URF frequencies is consia-

erably more difficulf thon for some lower frequency., | ~

For these reasons, it wos determined that the best approach for SMDS Modulator
tmplementation would be to accomplish omplitude modulation VSB filtering ond equalizotion
functions at @ common intermediate frequency for all of the SMDS Modulators.  All SMDS V58
filter and equalization circuits are then identical. The disodvanioges of implemanting the VSB
filtering of the lower frequency will be physical size. As indicated above, the design of the
filter at tha lower frequancy should lead to improved filtering choractoristics and provide the
necessary sidebond atfenuation for successfully achieving adjacent channal operation on the

main fransmission bus within the ollocated 6 ‘MHz channel-bandwidths,

Considaraticns in implemeniing the group delay oqualizers necessary for required
tearsmission fidelity should be briefly noted, The phose respomse of ¢ transmission system should

be Iinear with froquency, which msans that thare should be constant fime delay for all boschand
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fregquencies up fo 4.5 MHz ond beyond, Phote linsarity is especiclly criticol in the voanoy of
the coler subcarrier froquen'cy. Daviations from this linear chorscteristic cousss tock of clornity
and huo shift in television transmission, The received pulse fidelity of o PAM dote steeom is
seriously dograded by differsntial propegation delays of the vericus frequency compenents which
constituts the.origina! tronsmitted pulse. Knowing that equolization is required, tha only
quastion remaining is the mathed of implomentotion. [t Is possible to perform this egqualizotion ot
basgband (prior to modulation) or ot the IF frequency. In either cose, the trensversal equalizer
is o condidate, for it Is an edjusteble equalizer that producaes homonicolly related cotine
variations of both gain and delay with frequency. This gives the designer figxible control over
the optimizotion of the modulator group transfer charactaristics since 1t is wcldom thot both
amplitude ond delay distortions oceur independently of soch other. Adjustable oli~pass filter
networks are aleo used for delay distortion compensation, The selectad technique should be mode
based upon circuit complexity and the degroe of equalization actually required. Current devel-
opments indicate that an adjustable three section equalizer ot the IF frequancy prior to the VS0

filter would ba a recommended coproach.

One important constraint on modulator design that must be made ic that of control-
ling the cbeolute signal propagation delay through the unit in processing signols on and off the
main bus. Propagation delay of signals on the main bus is overcome by propagating a master
clock on the moin bus with the data signals. Absolute deley tolerances are a necassity to maet

tha unit inferchangeability requirements that havo been dafined for SMDS system components.

Absolute signal propagation delay of the system modulator and demodulator units
is almost totally @ function of the transmission channel bandwidth, This bondwidih is esichblishod
by the SMDS Madulator and Demodulator Groups since the remaindar of the system is extremely
widsband, The channel bondwidth is o direct function of the numher of coscadsd low-poss ond
bondpass amplifier stages used to process the signal threugh thase cquipmants. Control of the
absolute signal deloy through these unils is essential to proper operation of the telephone,

intercom, and digital terminal equipmenis. ' .

The design of the baseband signal procesting equipmenis, for time divisien multi=
plexing of these signols, relies on the recovery of @ master reod ond writs clock signol frem the

maein bus. The samo modulator and domodulater groups used for transmision ond recovery of the
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the baseband data are used for transmission and recovery of the master clock ond synchronizing
signals on the main bus. Significant differences in the chsolute signal delays, of the more than
80 modulator and 130 demodulator groups neaded to implemant the SMDS, would moke variable
deloy compensation for data/clock time skew a necossity-for such.unit interfaca. This would
create an almost insurmountable problem in‘system alignment and reliable operation. Obviously,

this would defeat the entire system design goal of interunit ct;mmonuiify and interchungeability.

T

In summary, the rodulator group design (olso demodulator group) must have both
absolute signol envelope delay conirol specified in addition to the normal envelope delay
equolization over the wideband data channei to mest pulse and video transmission fidelity
requirements. This compensation and contro! must be maintained over the system environmantal
operating conditions w addition to normal cllewances for long term oging effects. This control
con be only realized through the close manufacturing tolerance control made possible through
the yse of microcircuits and highly occurate testing mode possible by recent advances in computer-

ized network analyzer test insirumentarion.

8.3.3 Frequency Upconversion Technigues

Since it has been determined that the ideal opproach to creating the VSB signal
is by means of using the common IF frequency technique, it is then necessary to translate the
modulated IF signal to the final UHF operating frequency using some form of vorioble frequency
vpconversion technique. From a reliability, weight, ond size point of view, it is desirable to
avoid the use of electromechanical switching to connect ¢ suitable mixing frequency (local
oscitlotor) source to the upconverting mixing device. From o performance point of view, the use
of crystal oscillator sources, or some equivalent form of direct or indirect frequency synthesis,
to generate the 30 seporate & MHz spacad chonnel frequencies was intuitively desirable. From a
commonality view point, it would be advantageous if the upconverting local oscillator frequency
signal source could be made identical to the downconverting local oscillator source needed-for
the SMDS Demodulator Group. This con be done if the modulator and demodulator IF frequencies
ore selected to be the same and the designer takes appropriate steps to eliminate potential EMI
leakage from modulators and demodulators eperating in close proximity. This may not be possible
cnd:sepcrafe upconvertar and downconverter locol oscillafors may be required. Both units would

still be identical in dasign but merely operote ot frequoncies offset fram one another by some
fixed amount,



it should be emphasized that the spprooch recommandad for local=oseillctar ganiar~
otion is one that meets the system design goal of commonality. By ‘eperoting an appropriote
channel selector switch en @ modulator unit, any of the 30 UHF operating frequencias may be
selected. Thus, moking ofl modulators completely interchangeable by merely selecring the
oppropriate operating channel frequency for the particular epplication of that unit (video,

telephone, intercom, digital, or master clock signa!l modulator),

The recommended cpproach for upconversion local-oscillator implementation is the
use of 30 separate crystal sources which are selected by an opprepriate selecior switch., The
trades and detailed explonatioms of this technique are given in the SMDS Demodulator Group
discussion, section 4.2.5.3.4. Since the units are anticipated to be of identical design, the

discussion does not bear repeating here.

8.3.4 Spurious Quiput Signal Suppression

In ond out-of-hand spur;cu: sutputs produced within the modulator group must be
controlled by implementation of appropriate bandpass filtering to remove signal products rosulting
from the upconversion mixing and local escillator signal ganeration. The local oscillator spuricus
products are fairly aasy to suppress by using o group of fixed-tuned filter networks, The decision
to implement a modulator that would operate on any of the 30 required output f1 squencies requires
the development of a voltage-tunable bandpass filter that will track the desired output frequency

of the upconversion mixer,

The requirement for an identical filter to operate os a voltage~tunable preselector
in the SMDS demoduiator makes development of this filter, needed for modulotor output signal
spurious ;uppression, a common task just as for modulator and demodulator upconversion and
downconversion local oscillator units, This filter, when integrated into the medulator assembly,
effectively suppresses the original IF frequency, LO-frequency, upconversion imoge signal
(FLO-FIF), and mixer generated spurious products, and prevenis them from falling on top of eny
other 6 MHy signals distributed on the SMDS main line distribution bus. The determinotion of
these spurious mixing products is possible using computerized spurious product onalytical tech~

niques, which are used to solve the general equation:

F =nF|FimF

out LO

whare n and m are intergers.
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Such o program is in use of Radiation fncorperotad and o sample of this analysis
tachnique is given in section 9.0, SMDS Demodulator. Since the demodulation preselector
requirements aro more stringent than for the medulator, a spurious analysis for the upconversion
process wos not performed during this study. Experfence has shown that this effort would have
been redundont for purposes of the hardware definition. It is racommended as a design pracoution,

thar this proposed conversion process be verified prior to fina! hardware implementation,

8.3.5 Size ond Weight Minimization

The physical size and weight of the SMDS Modulator Group is controlled primarily
by those components which cannot be cdapted to some type of hybrid microcireuit development.
Since present state-of-the-art techniques are rapidly advancing in the frequency ranges of inter-
est (DC to UHF), it is-anticipated that all functions can be miniaturized except for the filter
elements, in particular the VSB fitter, This unit is conventionally & cavity type, high Q,
5-saction filter that would be difficult to minioturize. With this unit constraining modulater

size, it is essentiol that all circuitry be implemented using microcircuit techniques.

The specific microcircuit developrent required for the medulotor group will be
entirely dependent on function implementation. At this time, no special requirements are
~
foreseen that could not be undertoken. Specific development-requirements recommended for

special additions! study are in the following areas:
a. Voltage Tunsble Bandpass Filter
b. Llocal Oscillator Synthesizer
s ¢. Delay Equalizer Circuitry

Due to the large number of modulator groups required in the system, the design

goal of converting ali discrete circuitry to hybrid microcircuits will be, of necessity, a design

roquirament.

Television modulators (performing eouivalent functions of a SMDS Modulator)

designed for CATV use hove the following size and waight characteristies:
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Width: 19 {nches

Haight: 3-1/2 inches
Dapth: 12 inichos
Volums: B0O evbic inches
Waight: 16 pounds

If volume could be reduced by approximately o factor of 10 (for 80 te 100 cubic
inches), projected modulator group size could be 5 by 4 by 5 inches. A weight reduction of
1/4 to 1/5 would produce a unit weighing 2 fo 2.5 pounds. Sizo and weight reduction bayond

this point would become extremely expensive.

8.3.6 Power Consumption Minimization

Due to the large number of SMDS Modulator Groups required to implemant the
proposed telecommunications system, it is absolutely necessary that power consumption of thesa
units be minimized. Even though completely redundont modulators are proposad, the total power
requirement of the systom modulators vemains approximaiely tha some since redundent units wili
be in a stondby mode and draws o minimum of power. Since transfer to the redundant unit 15
intended to be a manual transfer operstion, input power switches could be interlocked to prevent
simultaneous powering of both the on-~line and redundant unit {except for cases where tha override
of this feature is intentional). This technique, whan applied o the entire system {except for the
redundant main line amplifiers where simultaneous powering of redundant main bus lines moy be
necessary) can significantly reduce the overall system power consumption. The power consump-

tion of individual modulator units must still be minimized ic moke the system feasible.

Currently, commercial modulator units which perform o similor function as that
required for the SMDS modulator have advertised maximum input power requirements of around
8 watts for a regulated input voltege of 20 Vde. The degreo fo which this powe: dissipotion will
be reduced or incroased by Further circuit simplification and improved performance refinement is
extremely difficylt fo predict since these units are taking full advantoge of currently availabis
MSi circuits, wherever possible. The ultra=linear performance required by the modulotor grous
is actually not consistent with minimum power coniumption or, in other terms, muximum oparqe

tional efficiency,
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[t is predictad howevor, that some dagree of powar consumption reduction con be
realized by using total microcireuit implamentation of the circuit functions ond minimization of
overall circuit complexity in the modulator group, This is inivitive by virtue of the fact that,
ynilass power consumption is reduced with the inherent high dersity componant packeging that is
achieved with microcirguits, heat dissipotion in such smalt packaging volumes will bacome o
tharma! design problem. 1t will be soen later that te achiave the uitra-lineer wideband ompli-
fication nocessary in the SMDS buffer and main-line amplifiens, o grect deol of powsr must ba
dissipated in the active davices to mest system intormodulation and cross~modulation requirements,
Fortunately, both for medulator and demodulator widebond amplification requirements, only
single channal-modulated carvers are processed by bandpass filtering of the desired transmitted
or received signal. High power consumption is not required to suppress distortion products over

the transmitted or received.channai bandwidths.

It appeors that ¢ power consumption-budget of & wotts would be redlistic for o

SMDS Medulator Group and this estimate Iwi” be used for computing overall SMDS power raquire=

maents, - :
8.3.7 Modulator Group Testing Technigues ’I
8.3.7.1 Performance Requirements ———

The specifications nacessary to guarantee the minimum required performance of the
SMDS Medulator as given in the developmenial specifications {located ot the back of section
8.0) ultimately estoblished ot the completion of the hardware implementation phase.of the SMDS
developinent will undoubledly be well defined. As discussed earlier under tnput Signal Compati-
bitity Considerations, the definitive performance requiremants of the moduletor group cannot be
considered absolute and final , These specifications must necessasily be the starting peint from
which the finsl performance specifications will evolve, However, there are severol maosure-
ment tachniques thot verify video performance specifications which should be briefly discussad.
The maasuroments, normally associated with thase specifications, are-somewhat complox ond
require test equipment not normally cotagorized os standord when color television transmission
s involvad. Specialized color telavision test waveform/pattern genorators, waveform time/
frequancy domoin analyzars, ond monitors ore raquired for comprehonsive tasting of video

fransmission channals,



Sinco it Is often standsrd proctice to porform baisbond-to<busebond (vidoowton
video) mocsurements on fransmission equipmant {such as for microweve links) by connecting
modulators end demodulators back~to-back, this approoch would seem easiost for SMDS opplicc-
tions. This is not practical howsaver, unlass on "kleal® or known psrformance demedulater is
availoble for testing the modulater or, convartsly, an ideal or knowa medulaior Is availeble for
tosting o domodulator. Thorefore, although the majority of SMDS msosurements con probably be
mode on o videowto-video bosis, oporating o "stendard* demedulator with o *moduloter undar
tast” connected in a back-to-back arrangement, o certain number of video«to~FF meosuremants
must bs mode to characterize, calibrate, and maintaih the petformance charocteristics of the
“standardized" unit. This is nacessary simply bscauss of the large number of medulator ord
demodulotor units which comprise the SMDS and the tolerances on cortain parematers that must be
closely controfled. This ensures that transmission paths ameng eny and all of the more than 20
model Space Base dack levals can be continuously maintained in oll medes of operation, espe-
cially for the PAM and digital data signals. 1t alse guarantecs the success of the common medule
interchangeability concept whenever repairs must be mods by module replacement, minimizing

the nscessity for alignment, which should be avoided if ot all possible.

The specifications which ore impertant to color video tramsmission Gre bosshand

frequency response, envelope delay, differensial gain, and differential phase.

B.3.7.2 Frequency Response

The freguency response output characteristics of a standord VS8 medulator are shown
in figure 2,3.4. At the modulator output, frequencies of H0.75 MHz on asther side of the
carrier are transmitted doubla-sidebend. Below -0.75 MHz, the lower sideband is otienvoted
ond above +0.75 MHz on out to 4.5 MHz, the upper sideband has a flar response.  The ideal
detactod output of a stondard vestigiol moduloter is shown in figure 2.3.4. The required domed-
viator response characteristic nzeded to restora constont gain to all tronsmitted frequoncies ond
proporly reproduce transmitted signal waveforms is shown in figure 2.3.4. Departure from flat
gain of low frequencies causas “strooking” in the obssrved monitor imoge just os high~froquency
gain variotions cause loss of detail, spiking, ringing, end'moccurate color soturation. The
omplitude responso characteristics can be measured by sweep tochniques on ¢ video-to-video

bosis or measured ot tha RF output of the modulotor on o videa~to-RF basis using a tpacirum
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analyzer. This methed is offen supplomented with the measuremant of lowefrequency performance
with @ medulator and demodulater connacted back-ta~back ond messuring the amptituds veriations

{tils and 1ag) of o 60 Hz squorewsve proceswed through the ualls.

8.3.7.2 Envelome Dolay Distortion

Envolopa dolay distortion is tha result of variations in tho propagotion tima of
video tignal compononts across the video passband. This distortion significontly aliers the time
coincidence of the luminance and chrominance portions of & color video signal resulting in
misrogisteation in the colors of the reproduced imoge. This distertion alse causes overshoot,
undershoot, and ringing of the video signal, Envelope delay distortion is commonly causcd by
sharp or sudden nonlinearities in the system amplitude passband characteristic. In the cose of the
SMDS modulators and demodulators, absolute envelope dolay must be spacified, moasured, and
controlled. This measuremont may be performed on a video=to-RE, RF-to-video, or vidag-to=

video basis. Envelope delay measurement equipment 1s produced and is currently availabla,

8.3.7.4 Differential Gain

Differential gain is the change in gain of the modulator/domodulator signal procoss=
ing ¢ircuits as the level of the signal is varied over the full dynomic range of the allowshls input
signal levels. For color television, differential gain causes the amplitude of the color subcarrior
to change os it “rides” on the luminance signal which can vory from a "white” level to o "black”

lovel amplitude. This causes color saturation to change as a function of picture brightnass.

fn the NTSC system, differential phose is @ change of color subcarrier phase as @
function of luminance level and causes the color "hues™ to change as a function of picture
brightness. Differenticl gain ond phase measyrements are made with a special “modulated stair-
case” woveform ganerator. The generator output is applied to a modulator input and recovared
at a demedulotor output with a television wavefom: monitor (similor to an oscilloscopz) and o unit

known as ¢ "vectorscepa." Differential goin ond phase through the units is then interproted from
the rasulting disploys,

8.3.7.5 Other Tosts

Other tests which are performed on moduletors and demedulators on ¢ video-io-

video basis are multiburst signal, window signal, ond sins-squared vise; all of which ore preduced
. gnat, gnal, “q # P

s
-
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by cumently available weveform genseoters designad spasifleally for 1elevision parformance
testing, Sine squarcd pulsa tosting is perhops the mast wed totel wystem performenco towt ond

it comidared fo reprasont the equivalent tramsient resnomnse, resulting from o pook whits (o gesk
black level within the duration of the smallest pictyre clemant. If the holf-amplituds wedth of
o sine squored pulse is equal to the reciprocal of the bateband high frequency fimit, than any
amplitude-or delay distortion within the video bondpess (4.5 MHz) will distort the pulse sinca
its antire frequency spactrum is contained within the system bondwidih, Wavaform distertion
choracteristics can be used as an indicotion of the fvpo of distortion pressnt. A numorical
porformance roting system, based on subjective tests ond the sine squored pulso wovelomn distore
tion known as the K" rating measuremont (K = 1, 2 .... 10, where 1 is considerad best), i

often used to specify overall system perfermance.

The above described tests relate to video parformance. The remaining unfinished
task is to specify the additional PAM/digital compatibility tasts neaded to complotely choractor~
ize modulator/demodulator parformance. Thess tests could include bit error rate, harmonic

distortion, rise and fall time, and other related functional tesis.

Tha designer must become completely acquainted with the testing tools oveilable
i
to him in implementing the SMDS modulator/demodulator units. The above discussion has
reviewad the major test techniques that are recommended for use in the davelopment of the SMDS

Telzcommunications Equipment,
8.4 MATHEMATICAL ANALYSIS OF DESIGN

Mathematical anclysis of the recommended SMDS Moduylater Group daslign has
been restricted by the fuct that its function and thaorstical performence as a color television
modulator hove baen specified to be identical to thot of current NTSC color tolevision systom
design, The onal;sis of design on o television basis is well documonted in the cited reference
literature ond will not bs repacted here. I future study of television systems for Space Base
opplications should indicate that o telavision system hoving significontly different characteristics
from those of tha NTSC system is dasirable, the extent of additional anclysis of the SMDS design

nivst bo detormined at thot fims.
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As discussed In section 8.3, 1, theee s o racognized problers in auuring video and
PAM transmimsion compatibility. Although analysis hos been gerformed on the vse of ¢ VSB video
trarsmission choanal {modulotor/trammission link/dsmodulater chain) from o system viewpoint
(sea.coction 4,2), this compatibility problem hos not been addressed epacifically through analysis
for the medulater group. PAM and digital dato interface comnatibility batwaen the medulater
and other SMDS equipmonts (Centrel Telephono Electronics, Ceniral Iniercom Elactranics, and
Digital Terminols) has been assured ihrough overall system dosign,

A wurious snalysis tachnigue for the vpeonversion funclion of the moduloter is
simitor to the analysis used for downconversion spurious analysis used for downconversion spurious

analysis described in section 9.3.2. This anclysis is not repeated here.

Analysis required that will ba uniquo to the modulotor group design will bo depsne
dent on the aetuel hordwere smplementation. The functional dascription of a recommendad
modulator design describes the gensral-guidelines 10 be foilowed by the designer. [t is impostont
that the concept of o totaily integrated system be refained in rhe fingl design and this will bo on

important task in systems monogement during the SMDS hordware development phase.
8.5 THEORETICAL PERFORMANCE OF DESIGN

The theoretical performance of a SMDS Modulator will be thot performance spaci-
fied or required by the modulator as a part of overall system soscified performance. Tho theerete
fcal performance of/ihe modulator must necessarily be reloted and compatible with the correspond-
ing demedulator, This wos discussed in more detail under Modulator Group Testing Techniques
(section 8.3.7) and will not be repeated here, The theoretical performence of the Modulater
Group ond oll other system subcompongnis are more oppropriately discussed undsr the classificaw

tion of overall system theoretical parformonce ond will not be discuxed at this equipment lavel.

8.4 EXPERIMENTAL FERFORMANCE OF DESIGN

Ne actual experiments wers performod os part of this study. However much of the
oxperimental werk parformed by the television industry is referencad throughout the study,
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8.7 TRADE-OFFS

The troda-offs mede in orriving of o recommended SMDS Modulator Growp design
ore included o3 part of the section covaring Medulater dasign preblam reeolutions {saction §,3)
ond will not be treated under o seporato category of design trede-offs for o watem wheomponant,

8.8 SUMMARY

Tha SMDS Modulafor dasign should g;a.naraliy uzo prosont stote-of~tho-art tolevisien
medulotor circuit dasign techniques fo devolop workable brasdboard uniis thot oz funcrionally
compatible and meot wecifiod sysiem performancae reguiroments for ofl Islecommunications systamy
operating modes; i.0., felevision, PAM cudio, and bilevel digitel data, Spaciflc ottention must
be given to this interface compatibility to moeet the design geals of moximum equipment modulor-
ity-and commonality. This equipmant breadboerd and system foosibilily phaso of the SMDS
Modulator and Demodulater subunits could conceivably rely heovily on rapidly developing tech-
nology of equipments used for CATV systems. In cddition to more detailed peper enalytis of the
system design, the medification of commareia! csuipmants io mast spacific SMDS gpplicerions
would minimize the developmental costs associoted with proving systom feesibility. [t is empha-
sized that tho final system feasibility can only be demonstrated by tha construction of an actual
breadboard system. This should be done prior to what might be cencidered the second phase of
SMDS Modulator and Demodulotor developmant; i.e., subunit size, weight, ond powsr consump=
tion minimizetion. The dovelopment of hybrid microcircuite and performance requirements sholf

be dictated by the results of feasibility system testing.

In summary, specific areas identified as o result of this study that will require

further study of recommendad techniquas prior te hardware implemantation ara:

1} Television/PAM Audio/Bilevel Digital Signo! Processing Compatibility
2} V3B Filtering and Delay Equulization Cireuit Implementation

3) lLocal Oscilloter Synthosizer Implemaniction

4)  UHF Voltege Tunoble Filter implemantotion
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6.9 SCHEMATICS AND DRAWINGS DEVELOFED

The drowings selating to the Medulator Greup oppony fo costion 4,.2.5.%, voluen i,
of thit report,
8.10 DEVELOPIMENT SPECIFICATION

The following davelopment spacification is ;?mvlésﬂ a3 a port of this wation:

SMDS Modulator Group
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1.0 5COPE

This specification describes the development design ocoals
and major performance specifications of a SHMDS functional buildino
block i1dentified as a Modulator Group.

2.0 APPLICABLE DOCUMENTS

The guidelines=s, trade~-offs and functional descriptions
included as part of the SMDS Final Report shall be considersd as a
part of this subunit specification. References cited in the Final
Report shall be used for developmental guidance.

3.0 ELECTRICAL PERFORMANCE REQUIREMENTS

The SMDS Modulator Group shall accept baseband color tele-
vision or pulse amplitude modulated (including bilevel) digital data
as an input s:gnal and translate the input information sidgnals to a
UHF vestigial sideband amplitude modulated cutput signal for trans-
mission via a coaxial cable diastrabution system to a remotely located
S5MDS Lemodulator Group appropriately tuned to the Modulator Groun PHF
output fredquency.

3.1 Input Signal Reguirements

The Modulator Group shall accept input signals as described
belov and provide specified performance. Input signal compatibilitv,
if necessary, may be accomplished through a "mode" switching function
which 1s to be an integral part of the Modulator Group design.

3.1.1 Input Signal Egquipment Interfaces

The Modulator Group shall accept input signals from the
following equipments:

a. Color TPelevision Camera
b. Central Telephone Electronics
c. Central Intercom Electronics
" d. Pilot and Terminal Master Clock Generator
e. Digital Station Terminal
£f. Central Time Unit Format Control imit

3.1.2 Input Signal Characteristics

The input signals to be processed bf the Modulator Group
shall be of three general types described below and are referred
to as operating "“modes”,

a. Composite Color Television Signal ~ The Modulator
Group shall accept a NISC composite color televigion
signal with a peak-to~peak amplitude of 1.0 z 0.1
volis whach contains all necessarv luminance,
synchronizing, and color information nocessary to
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recover the televised imags with a NTSC comnatible
color television monitor. (The mopitor receives
this compatible signal via a SHMDS hemodulator Groun) .

b. Pulse Amplitude Modulated Auvdic and Bilevel Digital
Data = The Modulator Group shall accept a PAM data
stream at a maximum rate of 640 Kbps. The signal
shall be unipolar with a positive DC commonent of an
amplitude sufficient to cause the modulator to owerate
in a pulsed ON-OFF Keying mode. The presence of an
input level of a magnitude less than the invut siga-
nal carrier cutoff bias shall cause the Modulator
Group to transmit a VSB modulated UHPF carrier vith

- a carrier amplitude proportional to the input nulse
amplitude. The unitary input pulse amplitude variat-
ion shall not exceed 1.0 % 0.1 volt peak-to-peak fro-
the carrier cutoff input bias level. The Modulator
Group shall also operate in thigs pulsed ON-OFF
keying mode when transmitting a bilevel data stream
at a maximum rate of 2.56 Mbps. |

c. Bilevel Master Timing (Clock) Data - The Mgdulator
Group shall accept a bilevel master timing signal
that operates at a constant fragaency of 2.E5§ MHz
with periodic interruption with a frame synchroniz-
ation code. The Modulator Group does not owerate 1in
a pulsed ON-OFF keying mode as in b. above and in
the absence of an input signal provides a continunus
wave (CW) unmodulated RF output carrier at the selec-
ted channel operating frequencv. The peak-to-neak
amplitude of the input signal shall not exceed 1.0
+ 0.1 volt peak-to-peak.

3.1.3 Input Impedance Characteristics

Input impedance of the Modulator Group for all owerating
modes shall be 124 ohms balanced with a maXimum input VSWR of 1.5
to 1.

e

3.1.4 Input/Output Signal Bandwidth-Rise Time Requilrements

The input signal/output signal bandwidth-rise time
requirements for the SMDS Modulator, when measured on a baseband-tn-
baseband basis with a Modulator Group output connected to the input
of a properly performing SMDS Demodulator Group, shall be f£flat from
50 Hz to 4.5 MHz * 0.5 4B with a maximum sguare wave vpulse rise time
of 100 nenoseconds with less than 3% overshoot. Low freguencv tilt/
sag shall be 1% maxaimum for a 60 Hz square wave, Where internal DC
restoration or processing of a DC bias on the input/output sianal
1s required, this shall be provided as required. 7To minimyize phase-
linearity distortions, input and output video s'tages shall have a
bandwidth in excess of 10 MHz. ’
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3.1.5 Input Sianal Common Mode Reijection

Input signal circuitry common mode rejection to hum and
nolse shall be 60 dB manimum.

3.2 « Modulation Reguarements

The modulator Group shall modulate the thiee input signal
types descraibed in section 3.1.2 and provide the svecified perfor-~
mance as described below.

3.2.1 AM Modulation Capability

The Modulator Group shall have a modulation capabilitw
of 0 to 100% for input signal levels between 0.5 to 1.0 volt peak-
to~peak {(via adjustable modulaticn level controcl) and be prooverlv
compensated to provide 2 degrees maximum differential phase and
1 dB maxinum drfferential gain for modulation depths rancing from
1o to 90%. -

3.2.2 Vestigial Sideband Characteristics

The Modulator Group shall attenuate the lower or unper
sideband responses of the conventional double sideband AM signal
1n accordance with standard NTSC vestigial sideband characteristacs.

The transmitted sideband attenuation characteristics
shall be such that all transmitted modulated signal energv greater
than 1.25 MHz below the UHF carrier appearindg in the next lover adj-
acent channel shall he a minimum of 60 dB below the desired adjacent
channel peak signal level. All signal energv greater than 4.2 !Hz
above the UHF carrier appearing in the next upper adjacent channel
shall be a minimum of 60 4B below the desired peak adjacent channel
gignal level.

Amplitude response between the limits of 1..25 MHz below
and 4.2 MHz above the transmitted UHF carrier frequency for anv
channel shall not vary (ripple) more than % 1 4B from the level
of a 200 XHz sinewave reference signal.

3.2.3 Absolute and Relative Envelope Delav Characteristic

Fl

The absclute envelope delay versus fregquency character-
istic of an input signal applied at the Modulator Groun input
terminals and appearing at the modulator ouitput terminals shall
be fully equalized across the frequency band of 0.010 to 4.20 “Hz
to 200 + 20 nanoseconds ‘when measured using standard vaideo-to-RF
envelope delay measuring equipment.

3.3 +  Output Signal Reguirements

The Modulator Group shall provide the specified output
performance as described below.
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3.3.% Gutput Signal-to-loise Ratio

The Medulator Group shall provide a minimum output sional-
to-noise ratio 2f 30 dB when measured between peak output signal level
and rms noise.

3.3.2 Output Spuricus Frequency Suppression

The Modulator Group output spurious signals, hoth harmone
ically and nonharmonically related to the desired signal, shall bhe
suppressed a minimum of 60 4B below the peak output signal level,

3.3.3 Quitput Carrier Frequency Range and Selection

The Modulator Group shall have provisions for switch
selection and operation on any one of 30 separate UHF carrier
frequencies an the frequency range of 300 to 500 MHz. Carrer
frequency separation shall nominally be 6.0 MHz. <Carrier frequency
deviation shall be * 1000 Hz. Exact operating center freguencies
within the 300 to 500 MHz bandwidth shall be selected to minimize
Modulator Group complexity as dectermined by the method of generating
upconversion mixing frequency and modulator intermedlate frequenct.

3.3.4 Output Carrier Freguency Stability and Accuracy

The output carrier freguency stabilitv and accuracy shall
be t 0.003% over the cperating temperature range.

3.3.5 Cutput Power Level

The Modulator Group shall be capable of providing a max-
imum modulated cutput level of -5 dBm with provisions for reducing
this level a total of 12 4B in 1 4B steps. Unat shall not be
damaged by accidental ocutput-signal port short circuits.

3.3.6 Output Power Level Stability {(Long Term)

The Modulator Group shall not caugse the measured peak out-
put signal level to varv more than =z0.5 4B for a periodic input
signal of constant amplitude when measured over a 30-minute time
interval.

3.3.7 Output Impedance Characteristics

The Modulatcer Group cutput impedance shall be 60 ohms
unbalanced with a maximum cutput VSWR of 1.5 to 1.

3.3.8 A¥ Hum and Noise

Hum and noise in the band of 30 Hz to 15 kHz of the mod-
uvlated signal shall be 60 dB minimum below the level which would be
produced by 100% modulation of the carrier with a single frequency
sine wave.

BAGE 5 REY
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3. 4 Internal Fault Detection Provisions

The liopdulator Group shall be designed to include builr-in
fault detection clrcouxrliry with an appropriate indicator signal to
indicate abnormal operation or unit failure bv monitoring Key DC
pover and signal levels within the unit.

3.5 Power Supply Reguirements

The Modulator Group shall accept a maximum of two dual-~
polarity DC input voltages with a maxaimum level of 30 volts. Total
input power shall not exceed 6 watts with a desian goal of 4§ watts,

Power supply overloads, due to Modulator Group circuxrt
faults, shall be protected against bv suitable overload and surae
protectaion,

3.6 Size and Weight Reguirements

The Modulator Group shall have a maximum weight of & pourds
with a design goal of 2.5 pounds. Unat volume shall not exceed 100
cubic inches with a design goal of 60 cubic inches. Unit form factor
shall be made compatible with overall system maintainability and
packaging constraints. !

3.7 Miscellaneous Design Guidelines

Modulator Group developmenﬁ specirfications must be consié-
ered flexable in terms of developing a totally integrated SMDS
design .  Trade-offs not considered or recognized as problems in this
study may require deviations from the specifications stipulated
above.
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SECTION 7.0

SMDS DEMOBULATOR GROUP



¢.0 SMDS DEAMODULATOR GROUP

9.4 ACCOMPLISHMENTS

This study hos identified the functional requiremsnis of a system eubunit which has
boon designated the SMDS Demedulator Group. This basie.bullding block of the overoll system
parforms the inverss function of the SMDS Modulator Croup deseribed in soeticn 4.2,5.3, This
unit demodulates ony single VSB {vestigial sidebard) emplitude moduleted ielovision or PAM/
digital signal distributed throughout the Space Base via any of the 6 MHz wide UHF main bus

transmission channals,

Just as with the implameptation of the modulator group, tha disiributed noture of
the SMDS roguires that each demodulator group operate as a single channel unit, independent
of all other system demedulators. it retains complete interchangeobility with other SMDS
Daemodulotor Groups through appropriate and UHF channel tuning provisions, which are incorpore
ated into the design. However, on u collective bosis the demodulator groups perform the damulti-
plexing function of the individual “channel modem® of a conventional frequency division

multiplexing terminal where all multiplexed signals are received at a single location.

As detemmalned during system hardware grouping trades, the desirability of using o
building block approach fo configure the buseline SMDS for the "Y" Spuce Buse concept aliows
for o great decl of svstem configuration flexibility if the SMDS should be implemented for @
Space Base of a different design. In ony configuration conceived, the suggested demcdulator
group hordware implementation would be directly compatible. As with other SMDS building
blocks, this rocommended maximum functioral commonality approach has sirongly influsnced
the propezed developmental specifications, Also this approach serves to minimize SMDS sparos
provisioning required to maintein the overoll system fully cperational threugheut an anticipated

b-~month resupply cycle.
§.2 PROBLEMS

Tha SMDS Demodulator Group is categorized as o major module building bleck of
the Space Base Telecommunications System. The mojor hardware implemantation problems
associoted with the dosign of a SMDS Demodulotor Group, that meats the parformonce ond

funcitonol Interchangeckility requirements dofincd for the aquipment, are as foltows:
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a. Veliege Tunsble Praselect Filicring

b. Frequancy Downconvorsion Teckniques ond Spuricus Signal Sunprotsion
c. [IF Amplifior and Videe Datoction Tachnigueos

d, Slze, Wolght ond Powar Minimizatlon.

e. Tosting Techniques

Thasze problems and the designars approach fo the romlution of those problems ara eddressed
separotely in sactions 9.3.1 through 9.3.5, rospsctivaly,

2.3 RESOLUTIONS

2.3.1 Voltage Tuonoble Preselect Filtering

The roquiremant for preselect filtering of multiple currier signals-(cccupying nearly
an octave bondwidth from 300 to 500 MHz) is one that is dictated by echieving cdequate wp-
prossion of undesived spurious micing produc;:ts resulting from the downconversion process. The
idecl preselection filter would pc;ss the desi'red medulated signel to be demodulated with minimum
attenuation, ond to ottenuate cll other signals appeﬂrir;g ot the demodulatoer input below tome
maximum allowable level. Fortunately, ideal presefector filter choracteristics with oxtremely
sharp bandpass cutoff skirts are not required for the SMDS Group Demodulator; primerily, due to
the proposed use or a balanced mixer to accomplish the downconversion, Determination of the
required precelect filter characteristics is one which can enly be mede ofter the iype ond level
of spurious products for varicus input signal frequency ranges ond intermediate frequancios cro
evaluated. This is an exfremely lengthly process unless soms computerized analysis technique is
used. Even then, many different and usually conflicting hordwore implementation constraints
are imposed on the designer and must be, ot loast tentatively, resolved beforo the spurious

analysis for the demodulator begins. These primary constraints oro discussed bolow,

{t hos-been proviously concluded that the SMDS transmissions chonnelswill stort
ot 300 MHz and could potentially extend to 600 MHz before acond order intermodulation
products weuld fall in this band dus to main distribution omplifier nonlineerities. Therefore,
the design of the demodulotor could feasibly require operstion with input froquencies over the

300 to 600 MHz ronga. However, the projected SMDS Landwidth Foquirements place the upper
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fimit noar 500 KHz for epproximotely thicty o #Hz chennsls, Tha operoting inpy* hroguency
range over which the demodulater clrcuits must operate’thon is constrained to the 300 to 560 MM

tonga and, 63 o rewit, the tuning rango of the proselector filter 1s defired.

In choosing o suitchle intarmediate frequency for tha demodulator, convantional
ssurlous milxing products,-image rempomss, [F amplifier fabrication limitations, ond speciol
vestigial tideband signal rasponse squalization technigues must bo considered. It is commonly
accepted that high |F frequencias tend to minimize Imoge frequency problems. Low IF frequon=
cies allow for increased channel selectivity, both of which are reguiramants for eliminoring
odlecant ond intorchannel interference probloms in the SMDS such az 150 MMz would minimize
spurious ond imoge problems along with praselection filtering requiroments. An IF froquency in
this range is not compatible with the performance requirements of currently reclizable morolithic
Intograted circuit IF amplifier sragas. The necessity for the use of microcireuits has been selocted -
for use in the demodulator to achieve size, weight, ond powsr consumption minimization. With
these hardware constraints, the IF frequency becomas a preblem of solacting 6 suitable freguency,
tantaiively in the 46 ro 70 Mz range. 1t should be noted rhat 45.75 MHz is the stendard

commercial television receiver intermediate frequency,

There are three general techniques for achieving preselection filtering over a vary

wide bandwidth,

Technique 1: Switchable filters having necescary preselect bandwidih with everlapping
ranges fo cover the required input frequency ronge. This is the conventional

methed used in commercial telavision receivers.

Tachnique 2; Continvous of stap type filter tuning using varlable or discrete DC veltoge:

to bias veractor funed filtor clemonts,

Technique 3: Tunabla microwave (UHF) detive filters using the internal Inductive properties
of sronsistors operating In the inverted.common collector mode (ICC) as the

variable reactanzo.

OF thass thoo techniques (whils all functionslly equivalent} the voltoge tunabilisy
and smaoll size ossociated with 2 and 3 are the most feasible approachss for the SMDS handgams

filtsring applications. 1t thould be emphosized that there are hvo odditional applications for @
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UHF bandaes filser in the syitem in adgitien to the bardnen prewlaction sombizrrben in e
demadulater group. Thae oso (1) the UHF upeonvesion miser auiped filbeaaen of e sodulate
grovp ead (Z) the AGC {outorstic goir control) and ATC {cutomatic il centest) ol chonas)
filtars requirod for the S1ADS Maln Lins Amplifies (500 coction: 4.2,1,4 cnd 4,2.5. 1.1 Tha
design of a iingle voltage tunsble UHF bondnous filier covering ths 300 to 500 M3 soazR,
viddeh will torisfy UNF filter requiramants for all threo 5035 cpuipamanty, [t chviowly dstroblde,
The application of @ procisien reguloted bios tuning voliosa (Gerived from o leddar Fypr valtoe
divider network) under the control of a chonnal celector switch will conter the filter coound g
desired 6 MHz channel. in the case of the Moin Line Amplifisrs where moter timlag fpiler)
channels must be monitorad for leveling end Hrs coualization puUIposes, the fllter notwosiie con
be Idzntical, However, the tuning bios veltoge (chennsl celeer) switching rotworh con ba
simplified duo to the limited number of channels involved.,

The tuncble microweve active filtes appoors fo shots the most premiss 61 0 univenat
filier that will meat all SMDS requisoments, The development of ualts similer 0a SMDE rEguiTee
ments hove been successful to date and have decided advantoge: over the voractor tunsd filser,
Although cavity iype helical rosenator, veractor tuned filtess ore aveilehle aew, the norower
bondwidth (seloctivity) characteristics, significantly smaller size and waight, dircet cdeptability
to microcircuit fobricotion tachniquss, wide dynomic range, low inmrticn loa ard reite figuro
moke the active filter the preferred device. Thea devices also exhibit low=temperature tengi=
tvity and high-tuning stebility despite thoir active nature, thus minimizing the problems focing

the deotigner in this area,

With the overall system filter constvaints known, It is possible o procsed with o
spurlous onalysic and select the appropriato presolect filter reguiroments for the demodulotor
group, to control the lovel of undesirsd spurious responess. Whon the spuricus onalysis cewli
ore glscussed (soction 9.4.1), it Is shown thot by using the tpurious apsression groasnties of
bolenced mixers, the filter design ls not oxtromely eritlcal. Afrs, fhis anslyds shows fhat the
filier can bo a single resenator having 3 dB end 20 43 bondwidthe of 12 Mitz and &0 MMz,
retpoctively. Howaver, It will prebobly ke nocessory o uta o two resonater Hiter design to
puaranion maating all filler applicotion requlromsnis In tho SMDS, cpscislly if the fins! irmplos
mantation usos this {llter for pilot filtering in the Maln Line Seplifion,
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¢.3.2 Frogurary Dowstonveszion Techainuas

Ay discusted oorllor, the adventoge of dodile bolonsed wixen in tuapreivag
tpurious preducts mokeos this device o wperler chalco ovar other minlng techalgues ovsileblo In
axtremsly gnoll physicol peckeses and mohe their application here compotible with sirs ond

wolght cumstraints ploced en the domodulater greun design.

The remaining dosign trodes which must ba Teade ora primorlly ln the asen of
talocHng an aopropriate mothod for generation of the mixer locol cocillator Injoction frequency.
The discystion of thote hardearo frades bos beena daforred o this tima o1 It {s the demoduintes
group thet will daterming the design of an ell~cheanal UHF local orciliater synibedzor tinne,
at laast for the Monltor Vidso Tarmingls, the demodulotor must bo runablia ovor ol of thos
S#DS chennols cerrying televition video signols. From o manimum commonality peint of view,
the usa of this all=channal syniheslzor has bean an importent premisa to SMDS dasign fae both
moduletor group and domoduloter group UNF upsonversicn and downconvenion opplicetions,
respoctivaly, Alternote tachniques thot \..mf‘d compromite 1his commonality are aveilobls cnd

are discussed below, ;
i

There are five peneral techniques avalloble for genarcling the reguired frequency

conversion local cieiliator signal.

Technlqus 1: Direct or indirect local oseillator synthesis for ecch chonnel using switch

tolection control,

Technigque 2: Separata crystal oscillotor/multiplicr chain sources for coch SMDS channsl,
Thete can ba seporate plug-in units fer the caze of all moduletors and
demodulators only required fo eperate in o singlo channol, (Thoss demed-
uloters uted for PAM/digitol ond master clock opplicctions in the 2ome Lovel/
Back lavel Interface Units ond tho Piiot Termingls,} However, the Vidse
Menltor Torming! demedulaters would requirg swlich selection ¢f seporoin
oscillators to enable reczprion of any vidzo chanasl origlnoting In the Seece

fan of o single moniter location,
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Yechaume bt $ingte L leond esrillorar wihid mochonieal seitchiog (oiont walngi of
oeciblatnr pes nent toak clagalt plamants o producy Da ormtgr e @ eg
fegqusncy. (fBls is the convensionsl techainu viod in commercint taloritien
Feca brais, )

Tochnious 4: Centinuous vericblz tunlng of LE cseilluter uslng vorichis mactive clecsant,

Tochainus & Detsrt er puddutioa tundsg of LG efclliater frequansy wilng vsltch oisctas
DC flas vilroge: eppllad to vomeize slementy of the cssliicter romnans rook

elrenits,

Bstalicd audy of the obove tschnigues thows that dotorminstion of o prefsried
technizus of loesl oscillofor generction mus be mods on the bosls of daslred parformence,
circvit complexity, oporational simplichy, rellebility, cnd gonorol swltehilisy for Space Bouws
equiprment ogplicotions..

Excopt for tochniqua 4 above, ths finol cutput Freguency of the LO frequency
sores would be o form of switeh selection, Tho ovaswhelming diccdvonicge of the vorichla
ning aeproach olong with any of the single LC (free running) locsl cacillater tschniques is
frequency channol atebility ond long torm stebility, This i in addition to the remperoture
induced froguency drift problem; astoclated with thowo tockniguas. The retichle switching of
circuit eleiments suitable for ure at UHF frequencios would be inkerenily umicble duo 1o the
aiffietty of controlling stray clreuit copscitances, ond it s for this reeson that presont comwase-
cial UHF telavision tuners have boan of varioble fune design. Recently, soveral UHF signal
wurees viing voractor kuned LG oscillotors hove boen Introducad to tha commeicisl mordbet,
Howavar, thewe tuners still ore weceptibla to froquancy drift, although rot to the exteni of the
varlable tunard tinco DC blos vollagss o vzed to chonge the eszlilatar epcearing frequancy,

Awiasatic frequency contmol elrcuitry Is alw wied to overcams deift prebioms in thete comreeeial
waits,

For madyluter eoplications, o stable meduletor cutaul froguancy Is o must to malse
taln contred over ironenlislon chonnal nar.'i;;fmm%. This nocousrily diciatos cryviel control for
beth telerlaion modulurens and modulotors cparting as PAR/Gigitol modulotors, This Heslss the
madelater local eacillator gonamtion to tocknigues T or 2 chave, Tho disedeaninges of touhuinus



1 lie in the foct that the synthesis tachnique Is somawhat more complex and unrelisble than is
justified to generate the relatively tow number of LO channels (opproximately 30) for the modu-
lator. The advantages of technique 1 are the simplicity and reliability of separate crystal/
multiplior sources. This is espocially true if modulator channels ore preassigned by locatien such
that rather then switch selection of output frequency, frequency selection is accomplished by
plug=in LO sources capable of operating on a singla frequency. This approach complicatas tha
spares provisioning problem for then the modulator groups are not directly interchongeahio with-
out chonging output operating frequency. Moreover, lack of switch selection of LO fraque\ncy
for the modulator makes this LO source incompotible with SMDS Demodulator Group requiremenis
which must be copable of tuning all SMDS channels, at least for all channels carrying video
information. Separate plug=in crystal oscillator/multiplier sources used for the madulator groups

could be used for non-video demodulator epplications.

The use of any of the LC oscillator approachas for demodulator applications can be
essentially ruled out on the basis of an additional fine-tune control needed by ihe operator to
compensate for lacal oscillator drifts that will occur due to temperature, voitage variations, and

aging effects,

The above tredes have shown the preferred approach for both medulator ond demod~
ulator local oscillator generation to ba a choice between techniques T or 2. implementation of

these techniques is discussed in more dekail below.

A digital frequency synthesizer (technique 1) has the advantoges of a large number
' of ovailable channels, a high degree of stability (since only one standard 15 used), and small
size/channel ratio for a large number of channels. Technique 2 is a set of crystal escillator and

multiplier chains, each of which will be capoble of generating ten channels.

The synthesizer approuch requires an initial degree of complexity to generste even
o fow chonnels. To increase the number of channels requires only a minimal change fo the logic,
providing that the original design has the possible exparsion taken into comsideration. in the
simplest configuration, the synthesizer is indesd feasible with preseni~day tachnology. The most

difficult area would be that of the first prescaler shown in figure 9.3.2-1.
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.

The three VCO's ore scfoctable fu divide up the range. The first prescoler divides
the output of the buffer by threa which runges from B4 to 144 MHz. ‘tho second proscaler fs
on emitter coupled logic divider, to divide the cutput down io the ronge of 4.2 16 7.2 MHz.
This rangz is well within that of M3 progrem dividers, The output s phase«locked to the 1060
kHz roference oscillator through the feedback signal procesed by the amplifier end leg filter,

The synthesizer will produce an cutput froquency of 252 to 432 MHz which imolies
that the iIF must be 48 MHz rather than 50 MHz. This is the condition imposed with this form
of synthesizer; i.0., that the output frequency be a multiple of the channel spacing.

A possible opprooch for implementing technique 2 (shewn in figure 9.3.2-2), would
be fo use o set of three multiplier chains each driven by a set of 10 oscillators. Crystal oscilia-
tors are now manufoctured in the 20 MHz region in T0=5 cans which preduce ¢ sine or square-
wave output of a 30 ppm temperature characteristic from ~55°C to +105°C. #t would not scem
unracsonable o expect square—wave oscillators yp to 50 MMz to bocoms availckls, The third
hormonic would then be prominent with the second and fourth harmonic suppressed by square
wave action ond additional filtering, 1t is anticipated thet the worst=case filtering requiremonts
would ba thot of a four-pole, 0.3 dB ripple, Chebishev bandpass filter which would reduce the
fourth order harmonic by on additional 40 dB and the second order harmonic by an cdditional
54 dB. if the duty cycle of the square wave is held to 50% +10%, then the total rejection
would be greater than 70 dB. The second tripler should be designed to provide the grectest
aven-~order suppression ond the requirements on the following filter would then be based upon its
performance. In any case, it should not be necessary to use any filter of o higher order than that
of a 0.1 dR, 5~pole Chebishev bandpass filter,

In view of the comparatively small number of channels to be generated (spprosu
mately 30) and the inherent pertial redundancy of the individual crystal oscillators, it is.recom=
mended thet it be implemented, A failure in any chain will still allow the use of a local
oscillator on other channels. This freedor is not available in the indirect digite! frequency
synthesis opprooch described for techniqua 1. For these ressons, the davalopment of o common

_UHF locel ascillater source for both modulator ond demodulater appears to be justified,
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9.3.3 IF Amolifisr and Video Dataction Techniquat

The IF Amplifior becomes o crifical arca of dasign, In that it Is In thee goin stoge:
that most of the goin nocessary for demodulation, along with emplitude response and delay
equolization, ore incorporated.. These stages must amplify the Incoming vides or PAM/digital
signals with os litte distortion as possible.  Furthsrmore, this maons thot this porformance should
be maintoined for varichle inceming signal strengths and under Space Bass environmantal
conditions. Maintaining a constont {F salectivity characteristic over varicble signol strengths
and o constant signal level ot the video deteclor input by macons of eutomatic gain control

circuitry is a difficolt design tack,

Achieving this performance using integrated circuit components, vhile minimizing
discrote components from the design (especially the use of variable racctive tuning alemenis to
craota the desired bandpass response), represenis a significant design challenge. However, it is
important to note, that ot leost two mojor semiconductor manufacturers have been pursuing thess
problems ond using separate techniques, Inomeiy monolithic and thick fiim, The nonolithic
amplifiors use discrete intorstage coupling and tunin.g networks to achieve 75 dB gaoin with an
AGC range in excess of 60 dB. The thick film approach has emphasized techniques of using
spacially developad thick film compatible reactive elements that are fix tuned, using oir obrasive
processing techniques to adjust values of inductors and capacitors and provide necessary frequancy
control, In both coses, the minioturization of IF amplifiers suitable for vwideband video opplica-
tions has been demonstrated. The SMDS IF amplifier development problem is that of cdupting
presont technology to the specific requirements of the SMDS demodulator. it is imporient fo
note also, that the SMDS does not use simultanzous FM sound tronsmission in the video chonnsl
which will significantly eass tho IF amplifier selectivity requirements and resultant delay

cqualization problems,

The successful demodulation of the tronsmitiad VSB modulated signel, whether the
modulating signal was u compesita video signal or PAM/digital signal, poses o signal processing
compatibiiity problem of the sams naturs as that describad for the Modulator Group in Sectior
6.0, Although the denoduletor compatibility problems ere consldored nocrly as challenging as

those for a modulater, the mujor consideratiers ere discusssd balow.
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Oas aren reguiring oitention Is the mothed of inplementirg sutomotic gotn contspl
in tho demodulater. This circuitry compewotas for chongeos in Individus] de—odulator ingut digas!
armpiltude resulting from signal level variations induced by othas system lotses and gaoin verlotions
of asiocioted SMDS eoulpment componante. By this meons, tho packe-to-psck signal lavel of the
output of the demsdulater group it hold constant for changss In the incoming UHF corrier lavels.
it is common practice lo vse some form of "keyed-AGC" in telovition receivers o tomple the
omplitude of incoming horizontol synchronlzing pulses, which are transmitiod ot comtant ampli=
tudo. This is done 1o componsate for noiso spikes or rapid fading offects that cecur when recaive-
ing an ontenna radioted end received RF television signal. Sinco the SMDS Is o iotelly "wired”
systom a “fast acting AGC" IF amplifior response Is not required and the AGC implemented is
needed only to compsnsate for relatively slow signal~loval veriations such os thess which oceur
in changing from chonns! to channel or variaiions dus-te other long term emplifiar gain drifts
due to tompsratyre, level equalization, or voltogs varictions. The roquired AGC emplifier
bandwidth thould ba somewhere on the ordar of few hertzs s o3 not to raspond to the fongess
time period durations of the amplitude modulated video wavaform such as the 60 Hz verticol
synchronizing pulses, Tho use of @ kayed AGC system is not justificd dus to the high sigasi=io=
noisa ratio that will be maintained throughout the SMDS; sherofore, a wophisticated AGC cireuit
is not required. This opproach appears to be generally compatibla with PAM, howover, in both
cosas, the AGC must bo slow ensugh to be "blind" to the desired omplifude modulated informos

tios.

Achieving propar baschond response in tha VSB demodulator can be accomplished |

in o number of different ways,

a. The amplitude charocteristic of tha V5B signal con ba theped in the IF
amplifios with the vidoo detoctor and subsequent omplifiers hoving flot
amplitude response. Fhase doloy equalization for conventionol telovision
receivers is achioved by predistortion of tha enveiopa delay of the rrommited
signal in such a.mannor as to compensate for the receives IF bondposs indused
dalay distortion. This predistortion has no distinet cdventegs in the SMUS
since thera are cpproximately the omo number of madulaters and demedulaters,

This precorractien of demedulater dalay distostien is cengitlased to inpaey ©
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rostriction on building block drign intarchonguchility ond lnter-unlt compatis
biHty, Prodictariion ol the hransmitiar is no? requlread 1 syiteble datoy

equalization is incorporeted in tha IF amplifier interstogs coupling errcuits,

b. A second approach to demodulator desige Is to employ emplitude ans envelope

dslay comection oftor dotection with o Hot IF amplifier bondpass cherocieristic,

¢. Horo sophisticated techniques such as exalted comrier ond tynchrenous detace
tion are theoreticclly feasible for cqualizing bossband respense end avoiding
quodrature distortion effocts produced by envelepe datection of she VSB signal.

The currently avsiieble wideband synehrenous vides detactor, on o monolithic
integrated circuit which wos devoloped for television opplications, indicates thot Improved
porformance over simple envolops detection can be reslized by using this circuit in conjunction
with @ compatible monolithic integroted circuit IF amplifier. The increased sonsitivity of this
dotector circuit con allow for a sovings in IF emplifier power consumption sinco the amolifier

operles of a lower overalt gain.

The development of o totally integrated cirewit IF amplifier/video detector com=
bination using this-technique, is onticipated by the television industry in the ssor future. A
hybrid version of this circuitry would appear to have direct applicotion in the SMDS Dermodulator
Group. This hybrid cireuitry would include the necessary {F emplitude and envelope deloy
compensotion to be compatible with the proposed SMDS Modulator Group discussod in saction
8.0. The selaction of o SMDS intermediota frequency in the vicinity of 50 MHz furthor suppors
this proposed solution since this bandwidth is in the neor vicinity of current integrated circuit
tpatating frcqueqcies. The implementation of the IF amplifier/video datactor combination must
nacessarily be determined by additional study of video PAM/digital signal compatibility.

?.3.4 Size, Waight, ond Power Minimizafion

Study of possible hordware implementation mathods for the SMDS Demodulator has
shown that most circuitry con be raclized using microecircuit fechniques, The preselector filter
could possibly ba physically large unless the active microwave filter opproach it tekon., Due o
-the lerge number of demodulator groups requirad in the system, it s recommended thot convarsion

-of all circultry to some type of hybrid microcircuifs be o design goal,
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Proweat television demeguloton {perferming equivalers functions of o 5M0D% Danmds
ulotor) designed for CATY sasvice have the following tles ond weight charagsaritiess

Wik 1% inches
Heught: 2.50 inchs:
Depth: 12 inches
Volume: 800 cublc Inches
Veights - 10 pounds

1t wil! bo noted that this Is the scme size ond weight quoted for o CATY modulaior,
The proposed SMDS Demedulator Group is considered te be tomavhat mare edapteble to minictue-
ization than the modulator; therefore, enginsaring astimotes project @ possible size of 3 by 4 by
5 inchas and o weight of 2 pourds.

/
Power consumntion of prasent CATV demodulators is on the order of & watts. For
tho somo-raosons cited undsr the modulator greup power conwumpiion dizcussion, this con beo

anticipated io drop fo 4.0 watts os a contarvotlve estimate,

2.3.5 Testing Techniguas

Tha subject of testing the SMDS signa! transmission parformence was covered in
considerable detai! under Modulotor Group Testing Tochniques (sex saction B.0). The ultimats
performance of the demodulotur unit con only be ovaluated on on end-to~end bosis when tho
performance of the modulater is known. 1t is recommanded that the mathods described earlior
ba cpplied to,demodulator tests to cccess overall cemodulator paiformance ona osure that
required porformance tolerances are maintained. This will guarantee interunit compatibiiity

and interchangeabitity,

9.4 MATHEMATICAL ANALYSIS OF DESICN -

A datoiled anolysis of thy SMDS Demodulator Group design was limited to o
tpurlous analysis to demonsivate tho feasibility of the dowmconvesion technigus propesed. The
rasults of this analysls ore wemnarized bolow.



0.4.1 Sourious Anclysis

In any cemsldosation of slgnel convatsion in the presenco of undeslrable dgnaty,
it Iy agconary to convider the ponible mixing produsts which may srlie.

in the cose of the demoduloter unlt, the Inout lovel fo tho balenced mirer wiil
deterrsing the lovol of a tpurious product.  [¢ is inpertant howevaer, to locate the smurious
rewonies fo oscerigin the offect on fho sutputs A CG?R;;U!W program win vtlHzed fo conttryct
a sput plot for soveral IF froquencies. A tamplo gutpul of the progrom fe shovm in figure 7.3.1.3
and Includos o tutorlel of the cpeiation of the progrom. Ecosically, the progrem protuces informas
tion to comtruct the grophs thowa in figures 9.4.1=1, =2, end =8, which repromont spusion
retponsos for 40, 50, ond 60 MHz IF conter frequencien, remsciively.

Examination of tha graphs thow a fradesoff groblem botween the even ordored terms
cnd the odd ordored torms os 6 function of freguancy F(RF), vhils the odd erdored terms epproach
F(RF).

At this point, 1t 15 necessary to examina tha offect of the bolenced mixer on the
orders of resoonses thus found, From a sot of spacificetions for o double~balanced mixer with o
RF drive lovel of =10 4Bm and an LO drive level of greater than +5 d2m.

?.4.2 Exolanation of Sour Chart Computer Progrem

Spurlous rosponses In ¢ mixer aro found by testing cach volue M and M in tho besle
aquations F(IF) = M x F (LO} +IN « F(X); where, F{IF) is @ flued IF center frequency, F(LO)is
the local czcillotor and, F(X) is the frequency of tho spur.

The valus F(X) 1s fixed to bo within tho range: F(RF) =FB SF(X) SF(RF) +FB; whera,
F8 ie telectzd to bo wider than one~half of the worstecase RF presslection filier bondwidth,
Thus, any signal which can pozs through the pressleciion must bo contoined withia the Interval
=F8 to +FB about tha center froquency F(RF), if ons expacis fo get the mexinum amount of infore
metion,

Slare most downconversion applications In reseiven require thet e received
frequancy F(RF), ba tunchblo ccross coma bend, tho odditions! equstion F{IF) = {EF{R?) »F{i% Is

veed, For example, FOF) = {F(Rp} af(La)} 1; ysad for low side injaction, Tha volue of F(iF)
witi be hold constant,

Dull
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IF \F = F(X) ~F(RF), then the equations for F{X) and F(LO) can be substitutad to
oives \F = ~F(RF) +F(IF)/N ~M/N [F(RF) -F(fF)} or AF = E(IF) [(1 +M)/:~'1] ~F(RF) [(M Ny

9)

thot of o line whare the slope is (M #N)/N, A graph éan be plotted with each line representing

If the values for M ond N are known and F(IF) is constant, the equation bacomas

o given spur, The end points of each line are the values for AF ot the band imits F{RF} {1} and
F(RFY {2). As on exomple, suppose it is desired to find the spurs encountered for o receiver which
can ke tuned from 300 to 480 MHz and has o 50 MHz IF frequency. We can look in o 230 MHz
strip obout the received frequency and note that if the receiver is funed to 300 MHz, that @ signal
at 316,667 MHz will produce a seventh order product in the IF pussband. Notice also that @
signol 25 MHz below the received signal will always produce a fourth-order product. The magni-

tudes of the spur products for two commercially available mixers are given in table 9.4.2,

Toble 9.4.2.  magnitudes of Spur Preducts

Sour Factor Mixer Type
QOrder RF LO Relcom M1 Relcom MIE
4 -2 74 75
& -3 50 >90
7 -3 4 77 >90
8 4 -4 88 >%0
? -4 5 85 >%0
AN =5 6 >%0 >90
1] 5 -6 >%0 >%0
Product in dB below FRF)

Minimum ollov:able magnitude to meet spacificction is =50 dB. Note that the
Relcom type M1 hos almost equal degradation for the fourth and seventh order, wheroos the
. MIE hos marked improvement at orders 4 and above, [t would not be advisable to select an

; 1E freauency boiod upon the spurious analysis except to state, that below 40 MHz the even

ordeced rogonses opproach too closely to the RF centarfrequency, ond above 60 MHz the odd

ordsr rasponses will becomo severg.
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Based upon the data at this point, one would conclude that a single-pole tank with
o loaded Q of ot leost 40 should provids sufficiont soloction. This would amount to cheut 10 4B

reduction to fourth order and 15 dB reduction fo the sixth order praduct.

it should be mentioned that the signal_lavel given will be degraded by o few dB,
However, at the higher frequencies the degradation can be compenseted by & reduction in input
signo! level into the REF input of the mixer. The final selection of a focal escillator drive should

be based upen the actuo! performance of the mixer,

The pretune network need not be of sophisticated design, the looded Q should be
greater than 40 which would require an unloaded Q of several hundred. Uniooded Q's of \umnped
element voractor funed tanks in this region, are definitely feasible,

2.5 THEORETICAL PERFORM/I\NCE OF DESIGM

The theoratical performarice of rhe Demodulater Group aind all cther SMDS systam
subcomponents are rare appropriately discussed under the classification of overall system

theorehicol parformance and will not be discussed at this equipment level,
g.6 EXPERIMENTAL PERFORMANCE OF DESIGN

No actual experiments were performed as part of this study. However, much of

the oxperimental work performed by the television industry is referenced throughout the study.

2.7 TRADE-OFFS

The trade~offs made in arriving at the recommended SMDS Demodulator Group

design are included as part of section 9.3, covering demodulator design problem resolutions and

are not to be ropeatad here,

2.8 SUMMARY

The SMDS Demodulator Group design should genorally use current stata=of-the~art
talevirien demodulator circuit design techniques to develop workable breadhoard units that are
functionc!ly componble ond maet specified system performance requiremants for ol tolecommuni=
colions systoms operating modes; i.a., telovision, PAM oudio, and bilavel digital date. Specific

cttention must be given fo this interface compatibility fo mest the design goals of maximum
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equipmant modulority and commonelity. fhis eguiptment braadboord and system feestbility-phase
of the SMDS Medulater and Damodulator subunits ceuld concelvebly rely hoavily en fupidly-
developing technology of equipments used for CATV systems. In eddition fo more detailed paper
analysis of the systam design, the modification of commercial equipment to meet spacific SMDS
opplications would minimize tho developmental casts assoclated with proving system feasibility,
it is omphasized, that the final system feceibility can only be demonstrated by the censtruction
of on actual hreodboord system. This should be done prior to what might be considered the
sacond phase of SMDS Modulator and Demodulator development; i.e., subunit size, weight, ond
power consumption minimization, The Aevelopment of hybrid microcircuits ond parformance

raquirements will necessarily bo dictoted by the results of foasibility system testing.

In summary, specific areas identified os a result of this study, which will require

further study of recommended techniques prior to hardwore implementation, are:
1) Tolevision/FAM Audie/Bilevel Digital Signa! Processing Compatibility
2) VSE Filrering, and Deloy Equalization Circuit Implementation
3} Local Oscillator Synthesizer Implementation
4} UHF Voltage Tunablo Etiter Implementotion
2.9 SCHEMATICS AND DRAWINGS DEVELOPFED

The drewings relating o the Demodulator Group appear in section 4.2.3.3,

voluma {, of thus report,
g.10 * DEVELOPMENT SPECIFICATION
Ths following development spacification is provided as o part of this saction:

SMDS Demodulator Greup
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SMDS DEMODULATOR GROUP

DEVELOPMENT SPECIFICATION
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1.0 SCOPE

This specification describen the davaloprent design
goals and major perfommance specifications of a SMDE functional
building block identified as a Demodulator Group.

2.0 APPLICARBLE DOCUHENTS

The guidelines, trade-offs, and functional dascriptions
included a3 part of the SHDS Final Report shall ba considered as
part of this subunit specification. References cited in the Fipal
Report shall bs used for developmwentel guidance.

3.0 ELECTRICAL PERFORMANCE

The SMDS bemodulator Group shall acespt and demodulate
a UHF vestigial sideband amplitude modulated, telecommunications
signal which has been originated by any SMDS Modulator Group. The
Demodulator Group shall receive the modulated UHF signal via tne
Space Base SMDS wideband UHF distribution equipment (Base Level/
beck Leval Interface Unit, Pilot and Terminal Modem; Lines, and
Couplers). Depending upon the operating channel ¢¢ which the de-
modulator has been tuned, the output of the unit shall be a base-
pand composite color television, PAM audio, or digital bilevel
information signal as the particular operating mode or application
may require. |

3.1 Input Signal Cnaracteristics

The Demodulator Group shall provide the specified per-
formance for input signals having the following characteristics:

3.1.1 Input Frequency Range

The Dewcdulator Group shall be capable of specified
operstion on any of 30 separate discrete receive freguencaies in the
approximate range of 300 to 500 MHz.

3.1.2 Raceive Channel Selection

-

Bomodulator Group receive channels shall be selected by
a channel selector switch easily accessible to Space Base personnel.
hannel selection snpall be accomplished by a set of thumbwheel or
pusnbutton switches (or eguivalent) and shall be accompanied by an
appropriate channel indicator which displays the channel vo which
the unit 18 tuned. Tha salector switches shall preferably activate

or switch DC bias control voltages so as to allow f{or remote tuning
capapility of the demodulator.

- pege 2
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3.1.3 Recaive Channel Charagtoristics

The 300 to 48v pHz bandwideh shall conqdrse of 30 separate
6 Mz wide vestigial sadeband {AM) modulated RY channels. Thesa
channels shall contain composite color tolevision, PAM audlo, or
bilevel digital information signals. The lnformatiun bandwideh of
these signals shall not excaed 4.5 Miz,

3.2 Poceive Channel Tuning Time

The demodulator ahall be capable of spocificd operation
on any of the 30 SMDS frequancy channels within § gaconds aftep
channel selection.

3.2 Spuricus Responses and Image Rejection

The demodulator shall incorporate suitable voltago-turable
UYF preselecticn filter and douncenversion mixer of such design as to
ensure tnat spuriocus signals, lncluding image signals, appearing in
the intermediate amplifier passband ag o result of 30 modulated carriers
in the 300 to 500 lHz spectrum are o minimum of 60 dB below the pask
desired received signal vhen m=agured at the input to the demodulator
second detector, The actual preselector f£ilter reguiroments must ho
determined on the basis of dempdulator mixor perfoymance andg duﬁlqn
commonality considerstiong. A degien goual of the progelactor filter
implementation shall be to make its performance characteristics com-
patible wath SMDS Modulator and Main Line amplifier UHF filtering
requirements for application in thesze units. ”

3.4 Iocal Oscillatorxr and Spurious Signal leakage

The design shall ensure that the level of the internally
genarated local osecillator and any other spurious signels appearing
at the demodulator UHF input port in tho 300 to 300 MHz range are
60 &R below normal input 3ignal levels.

3.5 Local Cscillatox Stability and Accuracy

The demcdulator local osclilator shall exhibit en ovarall
stability and accuracy of 20.003% over the operating temnperature
range,

3.6 Inbut Impedanceg Characteristics

The demodulator shall exhlibit an input impadance of 50
ohig with & maximum input VSWR of 1.5 to 1.

-

3.7 Noise Pigura’

The demodulator input nolse fiqure ghall not excged 19 An

over ithe operating temporsture range end fyeguency bond wish o dassigr
goal of 6 dB.

§-25
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3.8 Aitjacant Carrier Rejection

The demodulator responge to adjacent carriers § 'z on
e¢ither side of the deslred signal shall be suppresced & siniaum of
60 dp below the desired psak signal level.

3.8 Input Signal Dynamic Rahge

Tno demcdulator shall accaept zignal levels from ~S5 to
-25 dim minimun for & mindimum automatic gain control {AGC) range of
30 48. ‘The video output level shall not vary more than +1 4 for an
RP r1nput level change over these specified rangoas.

3. 16 Intermediate Freguency Reijection

The demodulator shall exhibit a radiated znd conducted
intermedirate freguency rejection of 8¢ db minimum.

3. 11 Vestigial Sideband hmplitude and Delay Compensation

The demodulator shall incorporate appropriate VSB and
envelope compensation compatible with SMDS Modulator Group cherac=
teristics necessary to meet gpecified system requirements for ro-
covery of VSB amplitude modulated television, PAH, and bilevel
drgirial data signails. For conventional NTSC,VSE, the demodulator
IF passband shall exhabit a flat amplitude response within 21.0 4B
from 0,75 to 4.2 MHz above the UHF carrier with the IF responsa
suppressing the IF carrier to 50% of the nominal flat arplitude
level. bemodulator Group envelope delay shall be compengated Lo
be withain 220 nanoseconds of an absclute delay of 200 nanoseconds
across the frequency band of .010 to 4.20 Miz vhen measured using
standard RF to baseband envelope delay measuring eguipmont.

3.12 Sensitivity

The sensitivity of the demodulator shall be such that
any saignal vith a predetection C/N (carrier-to-noise) ratio in the
range of 30 to 60 4B, is not degraded by mnre than 3 4B when measured
at the demodulator video output terminals on the basis of post-
detection signal~to~noise ratio.

3.13 Differential Gain and Phase

The demcdulator differentlial gain and phasc ghall not
exceed 1 dB and 2 degrees, respectively; for modulation daspths ranging
from 10% to 90%.

3.14 Trlt and Sag

Dermodulator lew frequency tile and sag for e 60 Hz pousrs
wave shall be 18 maxamum.
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3.15% Quipur Slanal Chareotsristicg

Tho cemodulator outputl shaell be 1.0 0.1 wolt peshetnmpuax
for a 508 modulated input sigral for frequoncies from 66 #3z to 4,2 HMg,
The risa and fell times of demcedulated pulss modulsted cerriers snall
not wiceed 100 nanoseconds,

3. 16 Vidoo Qutput Impadanco

The demodulator output” uspedance chell be 124 ohma balancwed
with & maximum V3WR of 1.5,

3.17 Intornal Fault Betectlon Previsions

The demgdulator group shall he designed te includo buile=in
fault detcction circuitry with an eppropriate indicator cignsl to
indicate abnormal operation or unit failurc by monitoring key o€
powor and szignal levels within the unait,

3.18 Power Supply Requirements

The demodulator group shall accept a maximum of two dual
polarity DC input voltages with a maximum lovel of 30 volts. Total ins
put power zhall not excesd § watito with o design geal of § watts,

Power supply overlocads, due to demodulator group cireult
fzults, shall be protected zgainst by suitable overload and surge
protection,

3.18 Size and Weight Requiroments

The demodulator group shall have a maximun weight of 4
pounds with a degign goal of 2 pounds, Unlit volume gpaall not excoed
100 cubic incnes with a design geal of 60 cubic inches.

3.20 Hiscellaneous Degign Guidelines

Demodulator group development specafications must he
considered fledible in terms of developing a totally integrated S4DS
dosign. Trade-offs not considered or recognized as problens in this
study may require deviotions from specifications siipulated sbove.
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SECTION 10.0
SHDS CENTRAL TELETHONE ELECTROMNICS



0.0 SrADS CEMIRAL TELFFADME CLECTROMNICS

10,1 ACCOMPLISHMENTS

The objsctives of o vudy and conceptual detlgn of an epasuprlary relegbane
17stem For the Spaco fows wos accomplhhed. Tho fusctions! sequltomsn. of 75 tslaphons cutiom
wos imolementad, This Implemsniction vies 34 {ull duplexr channsls io Intoreonnact Spoe Bms's

75 phengs with aach other a3 wall as the 24 chonnsis for ground convenatien,

Time division multiplexing ond pulse amplitude wedulation wos the techmguss
employad 1o yield tho minimum comploxlty in the teleghone yystem hem both o clrewt end 2
wirlng complexity viewpoint. S§till the Space Bure teleghens systom onjuys the likensy of the
commerciol telephone sysiems In thot It intorfaces rocdily with entemol telephona cavipmant weh
o tho hondiet and dialee,

the telephone system is not limited to 75 tolephonss elthercs g minimum ar ez e
moximum sincs the tystem it limited by the numbar of crmwmen ond thalr urays of the ghone

systom,  Therefore, odditionat telephonss con bo cddad with no degrodotion to the systam.

10.2 PROBLEMS

-

Of sovers| problem areos uncovered in the study of the telophone system, the mojcs

problems-are discussed hare ond in the resolutions section.

10.2.1 interchonne! Interferonce

Interchannol interferance or crosstalk is o potential problem in any multicheansl
communications system. Ina TDM-PAM, system the problem is not only relased to the stray
pickup (be it inductive or copacitival but also the timing uncertainty, Coble delays, or wall s
circult deloys, bocoma serious probloms, Knowledgeoble crosstell, such as intarchannol infere
ferenco, hos on accepteble thresheld for below the felerable threshold of noiss since the asre
listans 1o this sther convenation occurring en the Interfering chennel, Nolse con ba quite high
beforg interfering sufficienily with the convorsation to moko the communicotion link uvnscceptabla,

Thus, intarchannol interforsnce 1s potantlaily even o grecter problem,
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i8.,2,2 Flozdslting

The greblom of on flaxibitity or rothaer 20 expondibility Lecran s exprest oih da
scclorad e slpt schoma, Too enly woy tetophonnt could be oddad wonhi boe to odd ey vpi
oty of e slots,  The preblem of Incrosing tha avaber of Hme slon b =xep of o problen
dhan simply chongleg the timing 1o atlow for mors slots, Tho real peeblem iy thot fhe waplo 1moe
is flesd ond Incroming tho rember of salephones decreties the ire slot wlath 10 ¢ peant of
ponsibly remsccovory of the dota contained In tha H=o dot,

16.2.3 Teloghona Pesitioning

The plocemant of phons throughsut the dack was oleo @ problem slince eny asdi-
Honal gabla romwlts in the Hming doloy, which adds to the liming uneerinimly. The nost impes=
sont consideration in ohiolning @ cenfiguration for ozch dask is not thot the relephene Intareon~
nottion be mede with the misimum fength. Rethor the tolephiono system thould be such thot ony
posible daek configurotion could bo ej,ervlce«.i by the telenhono systom with no {wpses en the
cuelity of the communicstion ipstam..

10.3 RESOLUTIONS

10,3, ¢ Interchanne! intarferance

Interchaanal interferonce wos found fo be poulbly 37.1 43 balow the chonnal
refarance, (This is if both the roference chonnal end tha inferfering channal ere of the wme
loval, which moy not be the caser in fact, the interfering chionnel con boe ot o lovel chove Ko
reference channal In which caze thore wowld bo oven mors interfercnce.) This Is frup for cortoin
corditionm weh 63 o lmit of 0 § Mz pole due to the tronssiwlen lina, of o wapls end hald
wwplifier with a goin bondwidih preduct In the ordar of 20 Mz, ond of @ weplo ond hold
charglng tme constont of 200 nenosaconds. Since this preblem Is due to time clats cetuelly
ovarlepping becawns of the line daloys, hwo solutions could posibly fesulve the prebiem, The
firg) would be 1o reducs the delays, prefarbly to zer, kut this would fome the locotion of aach
telephons 1o bo ns close fo the maln bus Intorfaco bar os passible.  This ralates 12 anothey
problew polnted out cheve, The second appraech wauld bo o ceduce ho somple time m funit to

time “data® cereying width of sach thwo clot Is campled. T, any ovorlap it wewld ozow &



R58 el of TaF okd By tOpetite oud fo wieferaray bt OB Snteseed. M append ety
bt deaadeustogl i Bt B rerredty e 1 R ed, Beutly Br Becs B Supeeied foavey
wotprtasdy, Ter whon mivgted esthusily evployed both seitmrs,  Pre rclophsns pres

fontea wis crersomay o desseibusd b= owestion BLDLE

19.3.2 Fipabithe

L

the flewibltlty problom gracloie vath the preonigacd Has (el whesn o
cosbved by mmpleeniing ¢ aornlonsd (rhoes ot sequlim & viceny ea dlo pot e be towrd
by the tologhong inltlovlng t coll, imdood of o talsphone clugrs baving o sl thoe il
prostugesd ond ths Huen slot vorlable (6 eny sliet commong by e porticein call, botr e i
ong ligen time don ceo vavled frem catl 8 el speneding vpen which chanmgly of tho 30 rasns
way channah o e slof galts are i we. T alds comw conplaaliy o the wlepbans, b awre
relephones con be werviced with fewss tima slon with this oppeodch, Tha Nesiblling of scepting
sdditional phonat Iy elte chioingd with his wporcach,

19.3.3 Falonhona Positioning

The positioning of the telosbones throughout the dech chould bo wwhiest 2 chasge
wlthout eny impact 1o the quolity of the telephans torvices, This bacome o probiom bt
consldoring tha timing deloys rewlting from the odded length of tremminion lino, This problom
is anly common 1o tha "porty ling™ witemy thot is, ¢ syetem in which no serdichbosed & viad but
FeHar 0 syttem in which ony single telephona eon communicate with uny other feleghons in the
tyyem ard over a tingle trensmission ling, The trommigion line is thored by oil the telephanes
vrithin the sytem end thus the nome of the “acriy ling,? The ewitchbagrd comkution produccd
othar probloms, nemoly Incromed complonity In a vitcl cros. Showld the wwitchbowd f2il, e
whale eyttem would foll. lmteod, the pasiticnlng problem wos resolved by splinng the teleshong
in'e twa portiens,  The remote portiom of the relephane would ba plosed enpwhors oa da dech
end the cennal pertion would bs pleced In tha viclalty of the modem ot linds &e dech with fa
maln bui, ond thus the rest of the Space Bao, The contral telephare will comein e anseliy
of e eloztionics needod 1o complote the conability thot eoch selephans bus 0 commumitats
with ony other tolophang, The remots istephone will conteln et arough slosonins o o e
Tha Itorfarsaca bateoen the conten) gortion ond the romste portion, with oy fse e o pon-bie

wndd il accept the inguts of tho comsesrelnl-ilbe tologd sra enylpmant, bach fy tes Forier G2l
F
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hondsst, To reduce the number of duplicate circuits in each central telephona, five contral

relaphonss are groupad fogat%ter into @ single pockage with just one-cet of inferface lines with
the modem. This grouping reduces the number of fransmission lins drivers, tronsmussion line
racoivers, and clock countdown circuits from five to one on dacks where five telephones ore
needed, a second central telaphone electronics group will bo added, It should clso be noted,
that the reduction in.line longth from the central talephone to the modem reduces the timing
unceriainty refoted to the intercharnel interfarence and reducaes tha amount of twisted=shielded

poics required to connact all the telephones,
10,4 MATHEMATICAL ANALYSIS OF DESIGN

Interchannel interference or crosstalk betwsen adjacent channels comes primarily
from dota overlop in o TDM=PAM system. The overlap in this system comes from the inability 1o
"writs” the dota with no delay. The delay from the cable connection alone is approximately
1.5 nonoseconds-per-foot of cuble. Examining the deck layout of o noncentralizod telephons
system yialds o possibility of 125 feet of cable or 375 nonosaconds of delay. The schems is
shown below, and it can be seen the telephone receives a clock delayed 187.5 nonoseconds
from the clock conducted down the main bus. Even if the data and clock are perfectly synchro-
nized of the telephone, the data will be delayed another 187.5 nanoseconds in getting back to
the main bus, Thus, the data from that telephone is delayed o total of 375 nanoseconds at the

main bus.

.~
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Recsiving the doto in o 300 nunosecond time constant sample ond hold circuit with ¢ 1540

nanasscond time slot width yields:
-t - X-Tn
T T
= - s - 5
Voot =V, (I e ) +V2‘<l e )

whaere:

Vour i the sample end hold output
T, is the sample and hold time constent
Yy is the overlop voltage

V, s the desired voltage contained in the sampled tima slot
{

The amount of overlop voltage then present at the end of the sample is:
¥
I

By -k
Vles- e s

375 _ 1560
- v, 30'0"_]> . 300

The residue is

= 0.0139 V]

e

or the residue is down 37.1 dB from the original Vi level.

- The whole idea of TDM-PAM rests on the assumption thot the pulse amplitudes con
be received ond stored accurately. The problem of reception for the 1560 nanosecond wide

pulses 15 onalyzed below and shows the assumption is valid.

Let us approximate the attenuation of the transmission media, both the line and the
medem, by o single order 1 MHz pole. Alse the receiving amplifier is assumed to have o gain
bondwidth product of 20 MHz, and the time constant associoted with the sample and hold circuit
is placed ot 300 nonoseconds. Thus,

v, 0 ) £S+WL] [S+WA] [ﬁwj v, (o

fg‘ égl. 10-5



vwhere:
v, ¥ the cpplied voltuge

G s the gain of the receiving omplifier

WA is the receiving amplifier bondwidth

WL is the line pole

W, is the sample and hold pole

Voo i the voltags at the oulput of the sumple end hold

Taking the invarse Loplace transform of the previous syuetion and solving at t = 1540 nonosec=

onds ond ollowing G to ba approximately 4, yields:

V(1880 ns) = [1+.0000733-0-,0131 GV, = {1=.013) GV,
out in in

thus only 1.3% is not recovered by the sample and hold. This should present no problem in

degrading the fidelity of the audio dota. .

Pulses are inserted at major frame intervals in olf time slots which ere in use.
These "in use” pulses allow the system to recognizo the "in use" slots when no audio is presant,
These pulses would prefer to be inaudible with the fundumental frequancy bolow the audio
bandwidth of the telephone system. The Fourier analysis of an in-use pulse occurring every 10

mitliseconds is shown below.

T '
0 I~— [—
T3 ‘.l
ol oo .
1.4 microsacond
- ---—J
A . Ty .
10 milliseconds =
¢
v o= 1/ T ) ( by
V() = & Cos 2k == -1 Sin 2wk -
Tl K \ Ty Tz)
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1
Since -]:i = 1.éx 10‘”4 tha cosine mey bo approximated by the (st two terms of
2
ity serles exponsion. Tho omplitude coefficionts for the vorious hormonics becoms:

2
T -
Bnlk (--l-) Vo= 6.44x 10 ?kV

p
[

Ty

19.3% 1077V or 114 4B bolow V (300 Hz)

Ay =
Al = 64.4x 1077V or 103 dB balow V {1000 Hz)
Agy = 198.2x 1077V or 94 dB bolow V (3000 Hz)

These caleuiations show that for k = 30 the signal is 94 dB below V, thu, the
30th harmontg or the 3000 Hz component is 94 dB below the pulse referenca. Therefore, the
in-usa pulses should not produce tenes in the audio band loud anough to intorfors with the

CORvanmion,
10.5 THEQORETICAL PERFORMAINCE OF DESIGN

The Space Base telephone system uses an amplitude modulated RF carrier to complete
the communicotion link from deck-fo~deck. The time division multiplexed data from the tole-
phones on each deck are used to modulate the RF corrier, with the frequency of this coerior
assigned for telephone communication only. The telephone RF carrier is demodulated on cach
deck to form the time division multiplexed pulse amplitude modulated waveform, that is received
by-eoch of the telsphones on that particular deck, Thus, each deck hos o PAM data ling thot is
used lo drive a modulator (the Write PAM line)} and each deck has o PAM data ling that is the

";Jr_p_ut of the deck demodulator (the Road PAM), Tho Write PAM contoins only the data entered
by the tslephones on that deck while the Road PAM contains the summed date, or rother the dota
written by all the telephones on all the decks. The delays rosulting frem the deck-to-cack trans-
mistion of tha dota ore overcoms by the tachnique of also transmitting o clock from dack=to-dack.
This couses somewhat of on internal Himing problem since there aro twe clock signuls, Weite end
Pacd, for ench talephone. Howaver, ihis problam is not of the same megnituda os the ones .

encountersd in using a single clock signal fo parform both the writing ond the reading funciien,
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Each telephone cen communicate with eny oths? teleghons vin the dack-te—dash
RF lirk. This oliminatos the noad for a switchboord since ol! of tha tolephonss cre common o
the time division multiplexcd dota stream. The only centrolizad signal naeded by rthe tolephenss

Is the clock. No other coniralized processor, such ot @ switchboord, & neconiary,

To multiplex ol the tolephone outputs into one data streom, sempling technlques
hod fo be enployed. A samplo rate of ot least 8000 semplos—per-second is necded to occurorsly
cecover the oudio data within the bondwidth of the telephone sysiom. Dus 1o the neiure of the
audio (primarily voice information), o bandwidth of 250 to 2000 Hz should bs sufficient 1o pess
the deta, A multipolo moximally flat or Butterworth filter that limits the high ond of the bond~
width at 2000 Hz is required before sampling and the writing of the date on the Write PAM lina,
and a multipole Butterworth filter is necessary for interpolation of the sampled data from e
Read PAM line. The cut=off frequency of tha intsmpolation filter should be aboyt 3200 Hz for
ideal recovery of the audio, if both the presampling filter and the intorpolation filter are third

ordor und the audio data also contains a pole at roughly 2000 Hz.

The PAM data streams also contain digital information os well os sompled audio,
The digitol information, besides the ring command and in-use~pulses, ora basically confined to
just two chonnels of the data stream. The data straom has a frome rate equal to the somple rote
of 8421 Hz. Each frame contains 76 Hme slots with a width of 1.5625 microseconds. To arvive
at the concept of a channel, two time siofs ore grouped logether. Thus each frame has 38
channels or 38 tme slot pairs. As part of the implemenfation study it was found the 75 telephones
on the Space Bose and 24 ground link telephones could be sarviced adoquately with 36 rwo=way
chonnals, The other two channsls are for conveying dialing information to all telophones ond
for priority colls. The dialing channa! is used fo transmit the talephone numbars ond the time
slots ossigned for this particular call from the telsphone initiating the catl to oll the other tole~
phones. The tefephone or telephonas being called will recognize its own identificoion nunber
ond thus use the assigned tims slot to write the audie samples in ond the time slots osilgned to the
ethar telophons or telephones will be sampled from the Recd PAM ling for recovery of the eudio.
The priority channel can be octivated by o priority device thot can ke installed In sach tulephens.
Tha telephone initiating the priority call ingeris tho telephone number of the tolephone balng

colled in the priority tima slot pair instead.of In the divling time slet poir os othur call ora pada.
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The 1elephons being colled recognizes ity identification number in the peiority chonaal and
interrupts the presant coll, if the called telephone is angoged in o conversation at the tima; if
not in use the colled tolephona rings. The tims slots used for the priority call are tha priority

lime slot poirs,

The telephona Initiating the coll, ofter d‘ic!ing is comploted, must first make weg
no other telephono is viing the dialing time slot pair. Aher finding the dialing tima slot free,
the telophone must thon find ancugh of the 72 possiblo tima slots to completely focifitale e
coll just dialed befere any information can be written in the Jialing time slot psir, The telephone
boing called will rocognize its own identification number ond thus use the proper time slot thar
was found by tha celling telephone, and-cssignad a3 the talk rimo slot of the called telophora,
The other assigned time slots mvolved in this call aro decommutated by the cofled tefephone os

! .

i0.6 EXPERIMENTAL PERFORMANCE OF DESIGN

listen tims slots.

. I
r
No direct experiments were performed on the design concepts. However, this

fiold of aerospoce communications is not new to the dosigners, and past knowledge obtoined

enmpirically and through analysis was vsed in reaching the concertual design.
10,7 TRADE-OFFS
The krades performed in this study were:
a. Hordwaore Implemantation
k. Ramots Elsctronies/Ceniral Elactronics Interconnection
c. lmplamentation of Additional Telephona Functions

13,7.1 Hardware Implamentation

A major trade=off wos one complote tolephons varsus the remote telephone end
contral telephone, or a singla telephone containad in one box versus a two box opproach with
the second box facilitating more thon ona talephone. The mosk important factor wos the position=

ing of tha complets telsphonoes, Posilioning is critica! ond lecation of the tolephonas on each
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deck would probebly bo limited o podiilons clasn to the Bowe LovolDack Loval intmrincs
unit, By Increasing tho complexity somawhat and using tho remote fslephona=conteol tslophons
opproach, the telephene position desired on any dack con bs werviced with no degeadatien to

the commuynication system,

10.7.2 Remoto/Central Electronics Intarconnaction

Tho second trede waos behwesn the increased comploxity of the remste telephons
and central telephone versus the number of wiros nocessary to connsct tho two groups of elocw
tranics. Conveying the dialing information wes the problem. [f tho dicler ware to be conneetsd
diractly to the central felephone, ton additional wires psr teleshone hed to be added to come
plate the interfaco. Howaver, by encading the dialer information in the remote telephone and
deceding the information in the contral talephono the interface would only need one line, This
line could also be the cudio tolk line so In affect no additional wires had to be edded. Tha
trade=off would then be the additional comploxity of encoding and dacoding the dicling dota
varsus the additional wiring. The complexity is not that much extra, but on o deck with 1en
telephones the oxtra wire of a direct dialer to a central tolephena schems would rosult in 3700

feet of wire. Thus, the trade was mode in favor of tho odded complaxity but less wire.

10.7.3 implomentotion of Additional Telephona Funetions

The third trade-off involved the extra features or frills of the telephone system,
In eoch cose the tradeoff was batween hoving the extre feuture and its extro electronics versus o
less complex system. Inall the cases the decision waos to make the tolephone system os simplo a3
possible and still mointain enough flexibility fo adequately servica the communication noeds of
the $pace Bose, The features omitted wore the capability of increasing.the conferance call by
any tolephona involved In the call, the capobility of a priority cal! jolning in on o conferenze
call, tha confarence call limited to @ maximem of five teigphones fo one conference call, the
warch within o preossignad group for, o not-in~yss telephons thould the number that wes dioled
be busy, *h@‘emergcncy override of the present conversation, ond the off swiich should en
emargency condition be prossit, In the confarcnee call all parties must be dioled by the party
tnitigting the call, The priority call cannet join any call but only Interrupt ealls. Since there
is enly ons prisrity channel, enly ono pricrity coll con bormads ot any cne timo, Thes tha tire
of a priorlty call should ba Hmited so the mlority capcbiilty Is not tied up for o tengthly
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coavenotion, The taorch within o prossuigned group of numbars for o ne "=lraes tefophona, s
6 tuxury that con be reploced with o fist of tslephons numbers and crother tey ot disting, The
amerpency ovarrids of the iclenhony system would be o feciuro that could help in on emorgency
sitvation, However, othor methsds of emergoney Indications ove wperior 1o the v1e of the
telephons overrido to attract attention, The Intgreom syttom provides one means of ticranitting
sme-gency oudio imstructions effactively. If othar ways of brogdeasting eudio ore necanory,
then onother omargency system is ngeded. The handsot of o talephons does not work well es g
toudspecker. An ideal listening level when ploced saut io the cor Is hordly cudible e few fast

0\“-‘0}’ .

10.8 SUMMARY N

The 75 telephone system conceptual design was concluded and only three molor
problams needed to be resolved in the ares of the telephone. The problem of interchanneal
interference was rasolved by eliminating the mojority of the timing unceriainty by physicaliy
positioning the countdown and sampling circuitry closer to the moin bus intarface, This was
accomplished by woy of the remote telephone/contral telephone configuration, Also tho sampling
tirne can ba controled so sampling of the time slot overlap is minimum. The lack of flexibiliny
vag overcome by using ¢ non-preassignad tima slot numbearing schome. The time slots used for
a call must be found by the initiating telephone directly following the dicling of ths cell, Both
the talk time slot ond the listan tima slot for cach telephone cre assigned ot that time, Tho third
problem, the problam of critical tolephone positioning, was olso solved by the remate telaphona/
centrol telephons implemantation, As a result, the telephone con be arrenged throughout the

dack in ony configuration with no degrodation fo the communication systam,
10.9 SCHEMATICS AND DRAWINGS DEVELOPED

The drawings relating to the Cantral Telophona implementation uppeor in ssction
4.3.2, voluma |, of this repart,
10,10 DEVELOPMENT SPECIFICATIONS
The following dovalopmont snecificetiens ore provided os a part of this sectica
T, SMDS Contral Tolephene Efsctronics Madule
2. SMDS Romote Tslophone Elacironics Subunit
3o SMDS Teleohors Mumbar Plug Subunit

4. SMDS Tolaphone Interfoco Lpncification
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1.0 SCOPE
This specification dascribos the development design
goale and major performance specifications of & S15% medor sedule
butlding block identified as tho contral Telephone Electronica,
2.0 APPLICHBLE DOCUMERTS
a. The guidelines, trade-offs, ond functional descrip-
tions included as part of the 5D Flnal Report
shall be considered as part of this medula
specifiecation.
b, SHMDS Remote Telephone Subunit Specification
¢. SHDS Telephone Kumber Plug Subunit specification
d. 5MDS Telephone Interface Specificationg
3.0 ELECTRICAL PERFORMANCE REQUIREMEHRTS

3.1 General Reguirements

the Central Telephons Blectronics processes che information
of up toc five remote telephones and multiplexes the information into
a single output (the Write PAM) that drives the deck telephone
modulator. fThe Central Telephone Electronics also accepts an out-
put from the deck telephone demodulator {the Read PAHN) and the pulse
anplitude modulated data is decommutated and supplied to five re-
mote telephones. Fach remote telephone has four wire interface 4283
the central telephone. Two lines are for supplying power and
ground to the remote telephone and two lines are talk and listen
interfaces with the remote telephone., The Base Level/Deck Interface
unit {(the telephone modulator/demodulator) will have a Four twisted-
shielded pair interface with the central telephone. Two are the
Write DPAM and the Read PAM and two are the Write Clock and the Read
Clock. The central telephone also accepts up to five number plugs

that identifies the telephone number of each of the five remota
telephones,

1.2 Power Requirements

The Central Telcphone Electronics shall not excaad rOYe
than 20 watts of powsr dizcipation per telephone circuit from tho
following voltage cupplicd: +15 volts 253, -15 volts 253, +3 volts
$5%, and =5 volts #5%, ,The totzl power consumed on all four iines
ghall not exceed 20 watts (20 watts is not alloved per naupply imne}.
Tnig power does not include the 2 watts supplied to aach ronote
telephons that iz gpowered by the centrel telephona.

t prcE 4 rr
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3.3 input Requirensants

1,31 Humote Telephone ipputs

]

The f[ilve remote telephone inputs shall cach have s Bowiral
.nput mpedance of 400 ohms, The source impedance of sach sranal suall
Le less than 10 ohms. 7The central telephone shell recognize the g1 fors
ent biag lovels on the talk inputs. Bidd qreater than [.5%0 voles shell
tndioate an off-the-hook condltion: a bias less than ~1.50 volts shall
indicate a priority call cor drtion; and a blas of 0.0 £0.5 alta shall
tndicate &i on-the<hook condition. Because of the othar signale cnn-
Jucted on the talk line, the bias thresholds shall bhe 1,00 +7,25% wmits
and -1.00 +0.25 volts. Thus, any bias zbhove 1.25 volts shall indicate
an off-the~hook condition: any bias below «1.2% volts ahall i1ndicate a
prio.tty call condition; any bais from +.75 to ~0.75 volts shall in-
dicate an on-the-hook condition. The central tosenhone shall alan
roceive dialing information in the form of a Manchestor code, The kit
rate shall Le 500 + 100 bits~poresecorki and the peaketc-peal amplitnde
shall ba 2.0 + 0.5 volts. The data chall consist of four big worda *r
tha 1-2-4-8 binary code of each decimal number dialted, with the rost
significant bit first. The audic data shall be vrocessed fror the
21k 1nput. The audio shall have a minimum bandwidth of 250 to 2000 Hz.
Signals above 2000 Hz shall be eliminated by a maximally flat J-pole
presarpling filter, The sampling of the audio rate shall be at least
8000 samples-per-cecond {(842) samples-per-second i3 a convenisant rate,
since the colock rate 1= 2.56 Mz and there are at least 38 channwin of
communication), The samples shall be transposed into a current sarcle
such that the amplitude of the current sample is eaqual to the =rocpce
of the analog invut voltage amplitude and a transceonductance factar
of 2.9 -uzllianmperes +10% per volt of input signal.

3.3.2 Read and PAM Line Input

The Read PAM line input shall be decommutated for hoth
snalog amplitude audio sampleg and digital information. The “ead
PAM data shall contain at least 76 time slota to a frame, and the
frame rate 15 equal to the audio sample rate. The telephone shall
sanple the corrgct time slot or slots and convert the audio samnples
into a conilinous audio signal with a gain of 2.0 volts +18%, per-
volt of 1nput signal. The input impedance shall ba greater than +he
100 kLilohms differential and 1.0 megohms common mode. The differential
signal range shall be +1.0 to ~1.0 volts and tho common mode sional
range shall be +2.0 to ~2.0 volts. The digital information contajined
in the data stream could be"in-uss® pulses, dialing informattion vriortt.
information, or the ring command,

3.3.3 Hrite Clock Input

The Write ClocK input from the telephone write denodulator
ghall be difforential signal with an amplitude of 0.5 to 1.5 volts
peak-to-peak. The frequency of the clogk 15 2.56 MHz. Tho synchron-
lzation space, the ahsence of the two clock cycles, shall ocour every
19,456 clock cyclas, Tho input wmpedance shall be greater than 10,600
ohms differcntial and '10,000 ohms common mode. The compran rode volrase

P =

prat % &t
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rans sbatl be Frem ~1.% to 21,5 volgs,  The Besd PEM dta ctross
ghall not Le delaged widh respoct L0 che Ropd Oleln by orre b en 338
foan sy cangds,

5.3, 4 Aead Clock aput

The Besd Clock input frem this telopb e roscd dugpa,ilat- b
2hil) te o M fferential s1apel with an atnltbuds af 0,5 o 1.5 + e
pean-to-peak,  The frequency of the clock s 2,34 MHz., *“te synehprog
1Tation stace, the absence of two clock oyglon, 4rall seegr avers
P2 .45%0 eleck eyveles.,  The inpot imrodance whail te at jesst 10,2 «
chrtg difforential and 10,000 ohis cownon mode, The cawmnn monle wolisyo
rance shall be =1.% Lo +1.5 volts,

J.oJ.s Sumber Plug Inputd

The 12 programmable number pluy inputs for cach runher
plug. rrovides the Linary code for the throe decinsl nushers tnat
cermwrine thoe telephone number, The Centrel Televhone | locirenios
wtiall have 5 nuber nlug slots. lach number plug slor anall Lawe
2 dinttal inputs that are eithor connected Lo curmon or % mlts
throlehl an impedance of less than 10 ohwas. Additionally, rach nuter
#lue slet shall have four inputs that connect the powar jines % *=
pattrsnlar telephone circurt agsigned to that nubar plas sles. o
intadance of the power junpers shali be lens than 56 mulizeon=z. faor
additiony] connections are required to sunnly the powor that iz v
nected to the central telephone circuit throuwgh the puher =luz.

Y L2
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3.4 Output Reguirements

3.4.1 Write PAM Cutput

The Write PAM cutput shall supply a differential current
into a 128 ohm twisted-shielded wire apr:i that shall be terminated
Al both ends wath 128 ohms. The comron mode load impedance shall be
loss than 100 ohms. The audio input appearing on ihe talk input
shall ba converted to a current with & transconductance factor of
2.0 milliampares per velt, £10%, when tho audio signal 18 sampled.
When the asudio is not campled, the transconductance shail be less
than 9.2 microamperes per volt. fThe digital samples shsll have an
amplitude of +3.0 0.6 milliamperes for a digital “onz® asd =3.0
£0.6 milliamperes for a digitel ®zerc®, The "zerc” sarpla tima
varying current shall be less than 0.2 microamperan and tha dirscte
current offset current shall be less then 200 microamyeres. The
output admittance shall be less than 5,0 microamperes per volg,

The ring conmand shall be a series of fouz gltarnatlng
bita, one~zero-ons-sero.

The "in unc® pulse shall De an alternating one-zero signal,
The Write PAM ocutpat ghall be svachronized with the Writs

c{mck with ne tize slot {n the Write DAM cots ptross doiayelt or
advanced more than 100 nanoceconds,
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3.4.2 Talk Qutputs

' The output of each of the five telephone circuits, withan

Lhe Central Telephone Electronics, shall drive a remote telephon
load impedance of 600 ohms., The output impedance shall be less than
30 ohms. The voltage gain from the Read PAM line to the talk output
shall be 2.0 +10%.

The audio samples of the audio signal between 230 and
2000 Hz shall be reconstructed into an audio signal with a gain
varration of less than 1.0 &B over the frequency range. The inter-
modulation product of the 8421 Hz sampling frequency and the audio
frequency shall be at least 26 dB below the reconstructed audio level.

The ring tone shall have an amplitude of 2.0 0.5 volts
peak~to-peak. The ring frequency shall be 1052.6 Hz scynchronized
with the incoming Read Clock. The ring tone shall last 2.0 +0.25
seconds followed by a no-tone period of 6.0 #0.75 seconds before 1t
1s repeated. The waveform may erther be sinusoidal or a sguare wave.

The audio clear tone shall have a pesak-to-peak amplitude
of 2.0 +0.5 volts. The frequency of the audio clear tone shall be
16,5842 Hz synchronized with the Read Clock ainput. Tne waveform may
be either square wave or sinusoidal. The audio clear tone shall
last between 5 to 10 milliseconds.

A busy signal shall be an interrupted tone of 500 +100 Hz,
1.0 +0.25 volts peak~to-peak. The interruption shall be 4 to 7
times-per-second with the interruption time being egqual to the un-
interrupted time +25%,

A pracority signal shall be an interrupted tone of 1500
+300 Hz. The amplifude shall be 1.0 +0.25 volts peak-to-peak with
the same interruption characteristics as the busy signal.

The dial tone shall have a freguency of 500 +100 Hz.
The amplitude shall be 1.0 +0.25 volte peak-to-peak.

3.5 Operational Requiremesnts

3.5.1 Data Stream

The PAM data stream contains 38 time slot pairs or channels,
Four time slots are the dialing time slot pair and the prrority time
slot pair. The other 72 time slots are for 36 two-way communication
channels used for the telephone calls, The repetition rate for this
72 time slot frame 1is equal to the sample rate of 8421 Hz. IDvery
64 frames or every 7.60 milliseconds, a clock reset occurs. The
first frame of the major frame, the first frame followmng the clock
reset shall be used for time slot usage aindication. An "in-use'
pulse shall be placed in every time slot that 1s being used, including
the priority time slots and the dialing time slots, during the first
frame of every major frame. The telephone that ainitiated the call
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shall produece the "in uge® pulses for all the telephones inveolved in
the call.

3.5.2 Call Inatiation

The ainitiating of a call starts with the bras on the talkn
line changing from 0 to +2 volts or -2 volts. A -2 volts bais indi-
cates a praiority call, and a +2 volt biras indicates a normal call.
Witl the change 1n bias on the talk "line, a dial tone 1s produced
on the 1listen line until the bias xeturns to "“zero"” or the first
bit of dial data is received on the talk lane. The dialing data
shall ne the binary coded decimal numbers that adent:ify the type
of call being placed, followed by the telephone number or numbers
wanted in the call,

The type of ¢allWill indicate the number of other tele-
phones wanted an the call. The conference call capacrty shall be
five totazl phones. Thus, the maximum number that can appear in the
"type-of-call” information 1s four.

When the dialaing 1s completed, the Read PAM line shall
be ~crmiteored for “in-use' pulses in the dialing time siot pazr.
I£ 'air-use' pualses appear, a busy signal shall be produced on the
listen line. If no "in-use" pulses appear in the dialing time slots,
tnen 2t the beginning of the next major frame, the telephone shall drive
the Wrate P& line with "in-use” pulses in the dialing time slots
followed by the 12 bainary bits contained in the number plug. The
Read PAM line shall receive the number and compare 1t to the nunber
in the number plug. If there is no comparison, a busy signal shall
be produced on the listen line. If the numbers compare, the Read
P} lipe 1s monitored through the next major frame for vacant time
slots. If there are not enough vacant time slots to process the call,
a busy signal shall be produced on the listen line. If enough vacant
time slots are found, then following the next series of "in-use' pulses,
the following anformation shall be placed on the Write PAM line 1in
the édraling time slots and in the following order.,

a. The type of call being made.

b. The time slot assigned to the telephone initiating
the call, as its talk time slot.

c. The telephone number of the telephone dialed followed
by the time slot assigned as that telephone’s talk
time slot. If more than one telephone number s dialed,
then the telephone number and its assagned talk taime
slot shall be placed on the Write PAM line in the
dialing tame slots, in the order in whach the telephone
numbers were dialed,

Following the diraling information transfer, tne ring com-
mand shall be placed in the talk time slot of called telephone al the
beginming of the major frame. If the call 1s a conference call, then
the talk time slot of the first telephone dialed shall be actavated
with a ring command. The other telephones shall be sent & ring cormand
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only after tne bias changes on the talk input to 0 volt and then
pack to +2 volts.

The telephone shall receive a rang tone on the Read PAM
line after a ring command 1s sent or a busy signal shall be produced
on the listen lane.

The talk input shall be sampled directly after ring com-
mand 15 nroduced on the Write PAM line; and these audio samples shall
appear on the Write PAM output in the assigned talk time slot. %ne
assigned listen tame slots shall be sampled on the Read PAM input at
this time, and these audio samples shall be reconstructed inteo an
audie signal with a voltage gain of 2.

when the bias of the talk input returns to ¢ volt for
more than 2 seconds, the talk input shall no longer be sampled and
shall be placed on the Write PAM output. Also, the listen time slots
shall no longer be sampled at this time.

When the bias changes to 0 volt for more than 2 seconds,
the "in use" pulses in the assigned time slots stop and the telephone
15 then ready to make another call or accept a call.

3.5.3 Praoracy Initiation

The initiatzon of a priority call shall be made vhen tne
bias on the talk line changes to -2 volts. The change in bias on
the talk input line shall produce a dial tone on the listen output
line until the first bit of dial data is received on the talk line,
or the bias of the talk line changes. The dial data received on the
talk input shall be a telephone number, three decinal numbers coded
into 12 binary bits. Aftexr all'three numbers are received, the Read
PAM line shall be observed for "in use" pulses an +Lhe priority time
slots, If “in use" pulses occur, a busy signal shall appear on the
listen output. If no "in use" pulses occur, then at thg beginning
of the next major frame, "in us2" pulses shall be produced on the
Write PA¥ line .in the praority time slots, followed by the number
contained in the number plug. If the number transmitted 1s not
received on the read PAM line, then a busy signal shall be produced on
the "listen" output., This indicates a coincidental initzation of
priority calls. If the same number 1s received on the Read PAM
lire then after Lhe next series of "in use" pulses, the telephone
number of the phone dialed shall be produced on the Write PAM line in
the priority time slots.

After the next series of "in use" pulses, the audio from
the talk input shall be sampled and placed on the Write PAM line an
the first slot of the priority pair. In the same manner, tne Read
PrM shall be sampled in the second slot of the priority time slot
pair, and the audio samples shall be reconstructed into an audio
s3gnal and placed on the listen output line.

if the bias on the talk input changes from -2 volts [or
more than 2 seconds, then the talk input shall not be sampled.
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™o “in-usc” pulses shall not be generated and the telephone shall
tren te pade ready to receive or tO initiate another call.

3.5.4 Call Pecepticn (Nonpriorxity)

Reception of a call can only be made with a 0~volt bias
+nothe talk input (except for priority call reception). The draling
<ita in the araling time slots, shall be monitored on the Read PAM
«-ut line after the third consecutaive set of “in-use" pulses 1in the

«31n3 tare slots. If any of the telephone numbers compare to the

numier contained in the number plug, the time siot that was recelved
drrectly after the number shall be used as the talk time slot. The
other tine slots shall be used as the listen time slots,

Directly feollowing the beginning of the next major frame,

after the talk and listen time slots have been recognized by all the
teieonones involved in the call, the Read PAM shall be monitored for
4 ring ceommand in the time slot assigned as 1ts own %4alk time slot.

=

! placted on the Wrate PAM output zn the time slot assigned as the
alk tine slot, and the Read PAM input shall be sampled during the
ire slots assigned as the listen slots and placed on the listen out-
tut as 1nterpolated audio. .

When the ring command is, received on the Pead PAM input,
4 ring tone shall be placed on the listen output. The ring tone
shall be repeated until the bias on the talk input changes from 0
toé +2 volts or, until the "in-use” pulses in the talk time siot stop.

i

fier reception of the ring command, the talk input shall ke sampled
1
i

o rr

-

The talk input signal shall continue to be samples and
the samoles placed on the VWrite PAM output unt:il either the bias on
the talk input returns to 0 volt for 2 seconds or the “in-use" pulses
3n the talk time slot stop. Also the listen time slots shall be
saroled on the Pead PAM input until either the bias on the talk in-

2ut changes to 0 volt for 2 seconds or the "in-use" pulses in the
talx time slot stop.

3.5.5 Call Reception (Priority)

+

Receotion of a priority call shall be made with the talk
input bias in exrther the § or +2 volt condirtion. On the second
cons@cutive set of "in~use" pulses i1h the prioraity time slots, the
Fead PAM lnput 1s monitored. If the number contained in the priority
tire slots compares to the number contained in the number rplug and
the bias on tne tailk input 1s +2 volts, a priority signal shall be
produced on the listep output until the hias on the talk anput changes
to ¢ velt. When the biag goes to 0 volt, the talk time slot and the
listen time slots shall no longer be sampled. When the bras returns
o 2 volts! the talk ainput shall be sampled and placed on the Write
PAM outout in the second priority time slot, and the Read PAl shail be
sampled during the first pPrioricy taime slot, If the bhias on the talk
inpul 15 0 volt when the number plug number i1s receiaved In the priority
time slot, a ring tone shall be produced on the listen output until
the blas on the taik input changes to +2 volts or the "in-use" pulses
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in the second prisrity time slot stop. Iike other calls, i1f the

bias on the talk line returns to 0 volt for 2 seconds or the “in use”
pulses stop in the second pricoraty tame slot, the talk anput and Read
PAM input shall no longer be sampled, and the telephone shall be
made ready to accept another call or initiate a call.
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1.0 SCOFE

This specification describes the development desiagn
goals and major performance specifications of a SMDS subunit buirild-
ing bleck identified as the Remote Telephone Electronics.
2.0 APPLICABLE DOCUMENTS
a. The guidelines, trade<offs, and functional descriptions
included ag parxrt of the SMDS Final Report shall be
considered as part of this subunit specification.
. ©SMDS Central Telephone Electronics Module Specification.
¢. SMDS Talaphone Nuamber Plug Specification.
d. BSMDS Telephone Interface Specification.
3.0 ELECTRICAL PERFORMANCE REQUIREMENTS

3.1 General Requirements

r

The Remote Telephone Flectronics shall interface with the
normal cvelephone support equipment, such as the dialer, handset, ear-
phone, mouthpiece, bell, hook-position switch, and the priority key
switch in the Space Base Telephone System. The remote telephone is
connected to the central telephone electronics by a four-wire cabje’
two wires for power and ground and two wires for the talk and listen
connections., The talk line conducts amplified meouthpiece audio to
the central telephone in a high-level fashion. The priority-key
swrtch and hook-position switch information are gent to the central
telephone by me ans of dafferent voltage biases applied to the talk
line. The dialer information 1s relayed on the talk line to the
central telepho=~, 1n the form of a digatal cole generated by the
remote telephone. The listan line receives audio from the central

telephone, as well as the ring tone and the audio clear tonre that
clears the talk path.

-

3.2 Power Reguirements

The remote telephone electronics power dissipation shall
not exceed 2 watts. The remote telephone electronics pover shall be
supplied from the central telephone. The input voltage shall be
+15 +0.8 volts,

3.3 Input Requirements

3.3.1 Inputs From Suppori Egquipment

The remote %elephone will receaive the following inputs from
the telephone support eguipment.
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3.3.1.1 Prioraty Hey Switch

Three lines are needed to interface with the priority key
switch. A contact impedance of less than 100 ohms between the bias
line and the switched 1ine shall cause a prioraity condition, and a
contact closure impedance of less than 100 ohms between the common
line and the switched line ghall keep the prioraxty call inactive.

3.3.1.2 Hook Positaion

Three lines are regquired to connect the hock position switch.
A contact impedance of 100 ohms or less between the bias line and
switched line shall be the off-the-hock state, and a contact impedance
of 100 ohms or less from the common line to the switched line shall
be the on-the-hook position.

3.3.1.3 Dialer ,

Twelve lines are required from the pushbutton dialer. Two
lines are bias and common; the other ten lines correspond to Lhe
ten number pushbuttons. A humber shall be enceded by the remote tele-
pheone when the contact corresponding line is changed from the common
line to the bias line through an impedance of less than 100 ohms.
The normal state for no numbers to bea ancoded shall be with tha numbar
lines to be switched to the common line through an impedance of less
than 100 ohms.

3.3.1.4 Mouthpiece

The handset mouthpiece connection shall be made with two
lines; one line shall be common and the other line shall carry the
audio signal. The input impedance shall be greater than 10 kilohms
and the anput signal range shall be from 5 to 100 millavolts. The
source impedance shall not exceed 600 ohms.

3.3.2 Listen Input Line

The remote telephone shall receive the laisten input line
from the central telephone unit. The listen line shall have a source
impedance of less than 30 ohms. The range of the audio shall be
from 50 millivolts to 1.0 wolt., The nominal input mpedance shall
be 600 ohms. The ring-tone freguency shall be 1052.6 Hz with an
amplitude of 2 #0.5 volis peak-~to-peak. The audio-clear tone shall
have a fregquency of 16,842 Hz with an amplaitude of 2 #0.5 volts and
a burst width of 5 to 10 millaiseconds.

3.4 ) Output Requixements

3.4.1 Outputs to Suppori Equipment

The remote telephone shall produce the following outputs
to the support eguipment.

Y
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3.4.1.1  Earphone

The handset earphone shall present a load impedance of
600 ohms between the two lines to be draven with the amplified listen
audio signal. The amplification shall be 20 1 dB. The bandwadth
shall be limited on the lower end by a -3 dB frequency of 200 #50 "z
and con the uvpper cnd by a -3 dB freguency of 2700 %700 Hz. The
harmonic distortion at 1000 Hz shall be less *han 1 percent. The
output impedance shall be less than 15 ohms.

3.4.1.2 Bell

The bell lcad shall be 150 ohms and shall regquire a voltage
of 15 #1 volts on the power line. The control line shall switch
the 150 ohm load to 0 #0.5 volts when the raing tone 15 received an
the listen line. With no ring tone, the control line shall have an off
impedance of at least 1 megohm.

3.4.1.3 Headset Plug '

The remote telephone interface with the headset plug shall
require six wires. The audio pickup and its return shall be similar
to the handset mouthpiece characterxistics; the earphone and its return
shall be similar to the handset earrhone. The cother two wires shall
provide a current path when the plug is plugged in with an impedance
of less than 1 ohm. These two control wires shall provide the neces-
sary signals to route the audiro paths onto the headset instead of the
handset when the plug is plugged in.

3.4.2 Talk Qutput

The remote telephone shall produce a talk output to the
central telephone unit. The output impedance of this line shall be
less than 30 ohms and shall be capable of draiving a nomranal load
impedance of 600 ohms, The audio gain from the handset or headset
pickup shall be 26 1 dB. The bhandwidth shall be limited by a lower
end -3 dB frequency of 200 x50 Hz and by an upper end -3 dB freguency
of 2700 2700 Hz, The harmonic distortion of 1000 Hz shall be less
than 1 percent. The talk output shall alsc produce biases of 2 0.5
volts when the hook position switch line is 1in the off-the-hook state
or the headset plug 1g engaged. A bias of -2 20.5 volis shall occur
on the talk line when the priority key line 15 in the praiority call
state and either the hook position input line xs in the off-the-hook
state or the headset plug i1s engaged. A bias of 0 #0.5 volt shall
occur when the hook position input line 1s in che on-the-hook position
and the headset plug i3 disengaged. The dialer numbers shall also
be encoded and placed on the talk line in the form of a 1l-2-4-8
binary Manchester code, at a rate of 500 100 bits-per-second, with
an amplitude of 2 #0,5 volts peak—to-peak. Each number line ainput

placed in the command position shall produce this 4-bar word, most
sagnificant bat first,
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3.5 Cperational Rocgquirements

3.5%.1 Call Reception

Reception of a call shall be made only when the hook-wvos-

rtion switch input 1s in the on~the-hook position and the headset

plug disengaged. With the hook position swiich in the on-the-hook
position and a dial tone is received, the bell control line shall

be switched to the 0-volt state unt:il either the hook position chanaes
{or the headset plug 1S engaged) or the dial tone ends. When the

bell control line 1s switched to the 0-~volt state, the ring tone shall
be placed on the talk line output waith an amplitude of 0.5 * 0.25
volts peak-to-peak and a frequency equal to the frequency of the ring
tone received on the listen laine. When the hook position anput chang-
es to the off-the-hook condition, or the headset 1s engaged after
having received a ring tone, the following shall cccur:

a. The bell control line is placed in the off state.
b. The path that connected the ring tone to the talk
- output line, with a typical attenuation of 12 48 below

the level received on the listen inpuc, shall be
attenuated by at least 60 dB bhelow the level received
on the listen line.

c. The audio channel between the liasten invut and earphone
output shall be connected with a gain of 20 dE.

d. The audio channel between the mouthpiece nickup and
the listen output shall be connected with a gain of
26 dB.

e. The bias cn the talk output goes to +2.0 volts.

When the hook position input is returned to the on-the-
hook state or vhen the headset plug 1s disengaged both audio vaths
shall be closed or disconnected so the ¢ain i1s at least 40 dB below
the normal gains, 26 dB for the talk channel and 20 4B for the
listen channel. The bias on the talk output shall return to 0 volts.
Tne dialer inputs shall remain ainhibated (no code 1is produced on the
talk output when the input 2s in the command state) while the hook
position input 1s on and the headset is disengaged. %hen the ring
tone 15 received and then either the hook position inobut changes to
the off-the-hook position or the headset plug is engaged, the d:aler
inputs shall remain inhibited.

3.5.2 Call Initiation

The rnitiation of a call is spl:it into two parts; the
priority call and the normal call.

3.5.2.1 Normal Operation

For normal operation, the priority kev switch rnout shall
not be in the priority call position. When the hook wvosition input
changes from the on-the-hook Lo off-the~hook position, or the head-
set plug 15 engaged but no ring tone received (the hook wosition inouc
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was placed 1n the "on" position) the {ollowing shall occur:

a. The gain from the listen input to the earphone
output shall change from a maximum of -«20 to
+20 d4B.

b. The bias on the talk output shall change from 0
to +2.0 volts.

c. 'Tne draler pushbuttons can then enter the dialing
information and the Manchester code, encoding the
numbers pushed, appears on the talk output.

When the same condition exist as above and an audio clear
tone is received on the lasten input, the following shall occur:

a, The gain from the mouthpiece pickup shall go from
a maximum of ~14 to 426 d4B.

b, The dialer pushbutton inputs shall be inhibited so
no ccde i1is produced when an ainput is placed in the
command state. When the hook pos:ition anput returns
to the on-the~hock position and the headset plug 1is
disengaged, the audic channels shall be disconnected,
and the bias on the talk output shall return to
& volt.

3.5.2.2 Priority Operation

A priority call shall be initiated when the priority key
switch input :1s in the priority call position. When the hook
position input changes from the on-the~hook to off-the-~hook posit-
1on or ithe headset plug 1s engaged and the priority switch anput
1s in the priority call position, the following shall occur:

a. The bias on the talk output shall change from 0 to
~20 volts.
o, The gain from the listen imput to the earphone out-
put shall change from a maximum of —-20 to +20G dB.
. ©. The inhibit on the dialer pushbutton inputs shall be
removed so the dialer inputs can be encodeé into a
Manchester code and applied to the talk output.

When the same condition appears as mentioned above, and

an audio clear tone 1s received on the listen input, the following
snall occcur-

* a. Tne gain from the mouth piece pickup shall go from
a maximum of -~-l4 to +26 dRB.
b. The dialer inputs shall be inhibited so nc code is
preduced on the talk output when an input 1s placed
in the command state.

When the hook position anput returns to the on-the-hook
position and the headset 13 disengaged, the audio channels are
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disconnected, and the bias on the talk line shall return from -2
to 0.0 volts.

3.5.3 Headset Override

The headset shall override the handset when 1t5 plug
1s engaged. The mouthpiece pickup and earphone an the handset
shall be disconnected when the headset 18 engaged.
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1.0 SCOPE
This specification describes the development design
goals and major performance specifications of a SMDS subunat
buxrlding block identified as the Telephone Number Plug.
2.0 APPLICABLE DOCUMENTS
a. The guidelines,, trade-offs, and functional
descraptions included as part of the SMDS
final report shall be considered as part of this
subunit specification.

bh. SMDS Central Telephone Electronics Mogdule Speci~
fications.

c. SMDS Remote Telephene Electronics Subunit Speca-
fications.

4. SMDS Telephone Interface Specification.
3.0 ELECTRICAL PERTORMANCE REQUIREMENTS

3.1 General Reguirements

The number plug shall connect to the central telephone
unit. As many as five number plugs shall interface with the
central telephone, but only one number plug shall connect teo a
single telephone circuit. The number plug shall provide the
single circuit with a unique telephone number that is program-
mable and power through jumper wires.

3.2 Poweyr Reguirements

Power lineg shall be xouted through the number plug.
No currert shall be drawn from the power lines by the number plug
except for insulation leakage to common which shall be less than 1
mreroampere per-power-line.

3.3 Input Regquirementsg

The number plug shall accept four power lines, as
listed below, and the common line:

. +15 # (.75 volts
~15 % 0.75 volts -
+ 5 ¢ 0.25 volts
- 5 % 0.25 volts
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3.4 Qutput Reguirements

3.4.1 Power Output

The power lines shall be jumpered through an impedance
of less than 0.0l chms to form the following power outputs-

0.75 volts at 500 mA maximum
0.75 volts at 300 mA maximum
0.25 volts at 1.0 A maxzimum
0.25 volts at 1.0 A maximum

+15
-1i5
4 5
-5

I+ 4

3. 4.2 Programmable Outputs -

The 12 programmable cutputs shall be grouped into three
groups of four each. Each group of four shall represent a 1-2-4-8
binary code of a decimal number. The three decamal numbers shall
indicate the telephone numbex assigned to thas plug. The pro-
gramming shall be achireved by connecting the appropriate "one"
bits to +3 volts through an impedance of less than 10 ohms and
the "zero" bits to common through an impedance of less than 10
ohms. The 12 programmable outputs shall be capable of conducting
100 milliamperes with no loss in performance,
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1.0 SCOPE

This specif:ication describes the electrical interface
requirements for the SMDS Telephone Electronics consisting of
the Central Telephone Electronics, Remote Telephone Electreonics,
ard the Telephone Number Plug.
2.0 APPLICABLE DOCUMENTS

a. The guadelines, trade-offs and functional descriptions
included as part of the SMDS final report shall be
considered as part of this ainterface specification.

b.. SHDS Central Te.ephone Electronics Module Speci-~
fication

¢. SMDS Remote Telephone Electronics Subunit Speca~
fication

d. SHDS Telephone Number Plug Specification
3.0 ELECTRICAL INTERFACE REQUIPEMENTS

3.1 Central Telephone and Bass level/Deck Level Interface
Units Interface

Tne Central Telephone Electyonigs is connected to the
Base Level/Deck Level unit by four twisted shielded wire pairs,
with a characteristic ampedance of 128 ohms. The signal level of
each shall be 1 volt psak to peak maximum. Figure 4.3.2.3-1
{volume I) shows the interfaces. Each line shall be terminated
at the Central Telephone end waith a 128-ohm plug. Should more
than one Central Telephone be needed on a deck, each line shall

be extended and the terminating plugs shall be placed at the end
of the lines.

3.1.1 Write PAM

. The Write PAM line shall carry 640 kHz PAM data from
the Central Telephone,

J.1.2 Read PAM

The Read PAM line shall confuct the demodulated, 640
klz PAM data to the central telephone.

3.:k.3 Hrite Clock

The Write Clock line shall conduct the demodulated,
2.56 mMHz Write Clock to the Central Telephone.
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3.1.4 Read Clock

The Read Clock line shall conduct the demodulated Read
Clock to the Central Telephone. The freguency of the Read Clock
shall be 2.56 MH=z.

3.2 Central Telephone/Remote Telephone Interface

The Central Telephone may be connected to as many as
five Remote Telephones. Each Remote Telephone shall be connected
to the Central Telephone with a four-wire cable. Two wires shall
supply power and ground and two wires shall carry the audio-tone
data.

3.3 Remote Telephone/Telephone Support Equipment Interface

The Remote Telephone shall be connected to the support
equipment with.a 30-wire cable. These 30 lines shall be connected
as follows:

a, 12 lines shall connect the dialer

b. 3 lines shall connect the hook switch

C. 3 lines shall connect the priority key

d. 2 lines shall connect the bell

e. 2 lines shall connect the handset earphone

f. 2 lines shall connect the handset mouthpiece

g. 6 lines shall connect the headset

The Remote Telephone interfaces are provided in Figure 4.3.2.2
of Volume I.
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SECTION 11.0

SMDS CENTRAL INTERCOM ELECTRONICS



1.0 SMDS CENTRAL INTERCCM

. ACCOMPLISHMENTS

The study of the intercommunication requirements resulted in a conceptual design
that implemented 10 channels plus a poging chonnel of audio communication. The intercom
system employs pulse amplitude modulation {PAM} ond time division multiplexing (TDM) in
achieving o minimum-wire system thot facilitates 75 intercom stations. A usable bondwidth of
300 to 3300 Hz was maintained by sampling the audio data at a sufficiently high frequency to
ploce the sum and difference products of the sampling frequency and the audio data well below
the level of the audio. In implementing the intercom design, a configuration similar to the
telephone system wos found to be better than the porty line configuration. The final conﬁgumrion
consists of a remote intercom ond a cenfral infercom on each deck. There must be o remote
intercom for each intercom station on each deck, but the central intercom can facilitate up to
five remote intercoms, I more than five intercoms are required on o deck, o second central

intercom unit is used.

1.2 PROBLEMS

Cne mojor problem was encountered in the design of the intercom sysiem which
resulted from making the configuration of the intercem system similor to the telephone system.
The problem was relaying the channel selection information to the central intercom from the
remote intercom. The remote intercom/central intarcom configuration has advantages in that
mony similar circuits can be used in both the intercom and telephone systems. The other problems
such os interchannel interference and timing uncertainty, that were experienced in the telepheone
system, are not of the same magnitude since the intercom system hes a slower PAM data rote

even though tho sample rate is higher then the somple rate of the telephone system.
11.3 RESOLUTIONS T

The ¢hennel selection problem was resolved by setting the bies on the audio line
from the remoioe intercom to the centra! intercom propertional to the channel selection. The
bias level encoded by the digital-io~analeg {D/A) converter in the contral intercom and the

oppropriate channel or time slot is sampled. The addition of the A/D convarter adds to the

=1



complexity of the central intercom by not as much as might be anticipoted, since the central
intercom has only one converter that can defect the channel selection for all five of the remote
tntercoms connected fo one central intercom. The employment of a variable bias, ond encoding
the biws, eliminates the need of 10 additional wires per remote intercom. As can be seen by the
trade-off section of the telephone report (section 1.7}, eliminoting the 10 wires on a deck that

has 10 intercoms would save 3700 feet of wire.
11.4 MATHEMATICAL ANALYSIS OF DESIGN

The bias signal which denotes the selected intorcom channel is o DC signol
superimposed on the audio data. An A/D converter is used to decode this bias informotion.
A low~-pass filter must precede this A/D converter to prevent the cudio signal from interfering
with the chonnelselectionsignal. The minimum lower cutoff frequency for the remote infercem pre-
amplifieris 200Hz. Fora4l.0%of full-scole tolerance or £50 millivolts an both the bias and encoder,
the minimum window is 150 millivelts. The audio would then be allowed ro have an ampiitude of only

150 millivolts. The audio would thenbe allowed to have anamplitude of only 150 millivolts peak,

fFor a maximum audio input of 2,00 volts peak and assuming no more than o single~

order filter, the cutoff frequency of tha filter can be found,

‘5,9va = 0.075 2 e
‘ 1 +(-V-1"- 2
W

Solving yields:

bl
Wz 13.3

o]

For W = 27{200 Hz) -
W < 2m(15.04 Hz)
Which corresponds fo a single order filter time constant of

T = 2 10.6 m Sec

L
W
a
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1.5 THEORETICAL PERFORMANCE OF DESIGN

The Space Base Intercom System uses an amplitude-modulated RF carrier conducted
from deck=io~deck via cooxiol coble to establish the communication link. Time division mulfi-
plexed data from the intercoms on each deck is used as the modulator of the RF corrier. On each
deck, a demodulator exiracts the summed pulse omplitude modulated data from the carrier and
supplies the daofa to the intercoms on that deck. Thus, euch deck modulator will be driven by a
Write PAM line, and each deck demodulotor witl have an output of a Read PAM line. The
timing uncertointies of the deck-to~dack transmission of the intercom PAM data, are minimized

by also transmitting e clock signal through the same media as the data.

Each intercom station is connected to every other station by means of this RF link.
The P~M data stream is multiplexed into 11 time slots so there are 11 channels of communication
available omong the 75 intercom stations.  Since a bandwidth of 300 to 3300 Hz wes o require-
ment, the sampling rate of at least 13,300 samples-per-second is necessary to adequately recover
the cudio data. To achieve desirable results with @ minimum of complexity, reconstruction of

the oudic samples is accomplished through a maximelly Flat third-order filter with o cutoff at
5280 hertz. - .

—

Since each PAM stream contains 11 time slots or chonnels and cach channel must be
sompled af e rate equal to or greater than 13, 300 samples~per-second, the PAM "bits" would be o
maximum of .85 microseconds wide, With o 2.56 megohertz clock, o more convenient width
of 6.25 microseconds was selected, and the resulting sample rate is 14,545 samples-per-second.
The time slots correspond to particular chonnels. Selecting a chonnel implies the Read PAM
is sampled’during its corresponding time siot and the Write PAM is driven with sumpled oudio
during that slot. This system is different thon the telephone system, sinze both tronsmission ond
reception by the intercom is done in a single time slot. Then any number of intercoms can be
dialed to any channel. The normal push~to-ialk switch is located on each station so that no
channel can be accidentally left in the transmit mode. Tha station is either in the transmit or
receive mode but not both simultanecusly. Each stotion con accept a paging key that overrides
the chennel selection and allows the frensmission to be made in the paging channel. All stations
in the receive mode, will outomaticaily receive the poging chonnel os well os the selected

channe!,
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11.6 EXPERIMEINTAL PERFORMANCE OF DESIGN

No direct experiments were performed on the conceptual design. However, this
freld of communications is not new to Radiation Incomorated. Post knowledge obtained empiri-

cally and through analysis was used in reaching the conceptual design.
1.7 TRADE-OFFS

Implementation of the intercom design required in the areas involving the configur-
ation of the intercom system. The trade-offs were made between the remote intercom/central
intercom configuration, such as the telephone system configuration and the deck party line
configuration. The deck party line configuration would have ofl the electronics located af the
intercom station. Each station would bs cpnnected fo the Base Level/Dack Level Interface
unit by four dransmission lines that ors shared with the other Tnfercoms on thar deck. This
presents a problem 1n cable routing and the timing delays involved in the coble length. Although
the timing delays of the party line configuretion are not as criticol for the intercom system os
for the telephone system, the interchannel interference probiems would cauvse the party line
system to have a smaller sample time. [t appears that this is not as much of a problem as the
routing of the four transmission lines. Since PAM is @ form of the data, the number of termina-
tions must be uniform on each dack or the amplitudes would be of different mognitudes, Thus the
mnput impedance of each intercom interface must be much greater than the characteristic impe=
donce of the transmission line so the line attonuation is differant for each intercom on a deck.
The much higher impedance intsrfoce causes o reflaction problem that can only be eliminated
by making the top-off of the transmission line as short as possible. Thus there can be no splits
in the lines and the same lines must sun fo every intercom. On a 10=intercom dsck, at least
500 feet of transmission line (in this case twister-shielded pair), would bo needed fo connect all

intercoms to the Buse Level/Dack Level unit,

The remote intercom/central intarcom configurations hove minimum timing delays
since only 10 feet of transmission lino is needed to intorface the centra] intercom with the Base
Leval/Deck Leve! unit, Also, on ¢ 10-intercom deck, the length of hwisted-chislded parr cable
is only 50 feet maximum. Tha disadvantage of this configuration is the preblem of channel
selection. In the porty line configuration, the electronics are located with the chonnel selection

switch. However, for the remots infarcom/central intercom configurstion the chonnel selection
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switch is located at the remste intercom, ond the channel selection must be relayed 1o the
central intercom wath the minimum number of cables. As described in the problems and resofy-
tions, this problem was resolved by a variable bias and on encoder. The extra complexity as o
resull of the encoder 1s the disadvantage, but the central intercom contains the electronics ta
handle five intercom stations. This grouping of five aciually reduced the complexity since the
repeated circuits in the party line configuration, such os the countdown circuits, the clock
detoctors, and the PAM interfaces circuits (the driver and receiver), are shared by the five

intercoms and the remota intercom/ceniral intarcom configuration.
11.8 SUMMARY

The conceptual design of o low complexity, minimum wire intercom system was
accomplished. Seventy-five intercom stetions con be serviced with this system, but the system
is designed so it is not limited to just 75 stations. The bandwidth of 300 to 3300 Hz wos main-
tained, and the systar has 10 channels of communication plus @ poging chonne! that reoches
oll stations. The only mojor problem involvad the transmiszion of the chennol selection with
a minimum number of wires ond minimum complexity o the cantral intercom. The oroblem was
resolved by the usa of o salectable bias on ona of the audio lines that ron from the remote unif
to the central unit, and on encader that detecied the bios. Since the central intercom coniains
five intercom circuits, duplication of the A/D converter wes minimized, since five intercoms

could shere one encoder.
11,9 *SCHEMATICS AND DRAWINGS DEVELOPED

The drawings relating to the intercom implamantation appear in section 4.3.3,

Intercom Subsystem dsscription, of this roport.
11.10 DEVELOPMENT SPECIFICATIONS
The following development spacifications are provided os a part of this section:
T. SMDS Central Intercom Elechionics Madula

2. SMDS Remote Intercom Electronics Subunit

3. SMDS Intercom Interface Specification
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1.0 S5COPE

The specification describes the development design goals
and major performance specification of a SMDS major module building
block rdentified as the Central Intercom Electronics.

2.0 APPLICABLE DOCUMENTS

a. The gumidelines, trade-offs, and functironal
descriptions included as part of the SMDs
rinal Report shall be considered as part
of this module specification.

b. SMDS5 Remote Intercom Electronics Subunit
Specificataion

¢. SMDS Intercom Interface Specificaton

3.0 ELECTRICAL PERFORMANCE SPECIFICATIONS

3.1 General Reguirements

The Central Intercom Electronics samples the audio from
up to five remote intercoms and multiplexes the audio samples 1nto
a single output (vhe Write' PAM output) that i1s used as the modula-
tion signal in the intercon modulator in the Base Level/Deck Level
Electrorics. The central intercom also accepts a PAM signal (tne
Paad PAM input) from the intercom demodulator in the Base Level
Electronics that reconstructs the audio samples into audio signals
which drive the remote intercoms. The Base Level/Deck Level Elec-
tronics also supplies the central intercom with the timing signa.s
(the Write Clock and the Read Clock) that are synchronized with the
PAM input and output signals, The five remote i1ntercom intcrfaces
each consist of four wires. Two conductors are power and ground,
and the other two conductors are talk input and listen output. The
talh 1nput contains the audio to be sampled and placed on the Urite
PAM output and the bias that indicates the channel selection. The
listen output contains only the processed audio samples received on
the Rgad PAM 1input.

3.2 Power Requirements

The Central Intercom Electronics power dissipation shall
not exceed more than 6 watts. The power lanes avarlable are:

+15 £0.75 wvolts
-15 0,75 volts
+ 5 20,25 volts
- 5 0,25 volts

This power dissipation does not include the 1 watt supplied to each
remote intercom.
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3.3 Input Requirements

J.3.1 Talk Input

Each of the five talk inputs from the remote intercoms shall
have an input impedance of greater than 600 ohms. The source impedance
of each talk source shall be less than 2.0 volts with a maximum band-
width of 200 Hz and the bias level shall vary from +5.31 to -0.1 volts.
There are 11 discrete bias levels. The 11 levels shall be every +500
millivolts starting with +0.00 volts. The tolerance of each bias shall
be #50 mallivolts.

3.3.2 Read PAM Input

The Read PAM input shall have a differentaal input impedance
of 100,000 ohms or greater and a common mode input impedance of
1,000,000 chms or greater. The differential signal level shall be +1.0
to -1.0 volts and the common mode signal range shall be +2.0 to ~2.0
volts. The signal 13 a PAM data stream with a sample width of 6.25
microseconds. Eleven different samples are made before the frame 18
repeated. The Read PAM data signal shall ke delayed irom the Read
Clock no more than 250 nancseconds.

3.3.3 Write Clock Input

The Write clock input is a different:al signal that shall
have a minimum differential input impedance of 10,000 ohms and a rani-
mum common mode input impedance of 10,000 ohms. The clock amplitude
shall be 1.0 #0.5 volts peak-to-peak and the frequency of the clock
shall be 2.56 MHz. The common mode voltage shall be within +1.5 to
~1.5 volts. Every 16,896 clock cycles a synchropization space appears.
The absence of a clock cycle will be used for synchronization.

3.3.4 Read Clock Input

The Read clock anput 15 a differential signal that shall
have a minamum differential input impedance of 10,000 ohms and a mini-
mum common mode imput impedance of 10,000 chms. The clock amplitude
shall be 1.0 #0.5 volts peak-to-peak. The clock frequency shall be
2.56 MHz. The synchronization space, the absence of a clock cycle, .
shall be used for synchronization and will occur every 16,896 clock
cycles. The commen mode voltage range shall be +1.5 to -1.5 volts.

3.4 Qutput Reguirements
3.4.1 Write PAM Qutput

The Wraite PAM output is a differential current that draves
a 128 ohm twisted-shielded pair. The transmission will be terminated
at both ends with 128 ohms. The common mode impedance will be less
than 100 ohms. The audio signal appearing on the talk anput shall be
sampled and converted into a differential current with a transcongug-
tance of 2.0 milliamperes per volt +10% when the audio is commandod
to be sampled. When the andio is not sampled, the transconductance
shall be less than 0.2 microamperes per volt. The zoro sarpling taime
varying current shall be less than 0,2 microamperes, and the direct
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current offset current shall be less than 200 macroamperes. The sun-
put admittance shall be less than 5.0 microamperes per volt. The
Write PAM output shall be synchronized with the Write Clock with ne
time slot in the Write PAM data stream delayed or advanced more than
100 nanoseconds. The bandwaidth of the talk input must be limited on
the upper end by at least a third-order maximally flat filter with a
-3 48 point at 3300 +150 Hz and on the low end by a -3 dB peint not
above 300 Hz. -

3.4.2 Listen Ouiput

The listen output to each of the five remote intercoms
must drive an impedance of 600 ohms. The ocutput impedance nust be
less than 30 ohms. The voltage' gain from the Read PAM input to the
listen output shall be 1.0 +10% for the normal channels and 2.0 +10%
for the paging channel. That 1s, the audio samples received at the
Read PAM input shall be amplified and reconstructed into the audio
s1gnal at the listen output with a variation in gain less than 1.4 &8
over the bandwidth of the audro. The intermodulation products cf the
14,545 Hz sampling frequency and the 300 to 3300 Hz audio frequency
shall be at least 26 4B below the output audio level.

3.5 Onmerational Reguirements

3.5.1 Data Stresam

The data stream 18 compriged of 11 ktime slots, each 6.25
microseconds wide. The first time slot 1s the paging time slot;
1t will be sampled on the Read PAM continocusly. Audio samples will
be written on the Write PAM output in this first time slot only.
When the bias on the talk input is 0.00, the othexr 10 time slots
w1ill be sampled on the Read PAM input and written on the Write PARM
output. When the corresponding bias on the talk input 1S detected,
the different bias levels and the corresponding time slots or
channels are listed below:

. RTAS TIME SLOTS CHANKELS
0.0 volts + 50 mallivolts L Paging channel
0.5 volts ¥ 50 millivolts 2 Channel 1
1.0 volts T 50 millivolts 3 Channel 2
1.5 volts ¥+ 50 millivolts 4 Channel 3
2.0 volts ¥ 50 millivolts 5 . Channel 4
2.5 volts + 50 millivolts 6 Channel 5
3.0 volts + 50 millivolts 7 Channel &
3.5 volts + 50 millavolts B8 Channel 7
4.0 volts + 50 milliivolts 9 Channel 8
4.5 volts ¥ 50 mrllivolts 10 Channal 9
5.0 volts ¥ 50 mi1llaivolts 11 Channel 10

The bias of each of -the five talk line inputs must be determuned 3t
least every 10 milliseconds., The audro at a freguency of 264 Hz nnf
an amplitude of 2.0 volts peak shall not cause the Dias to L onoodod
erroneously.
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current offset current shall be less than 200 microamperes. The out-
put admittance shall be less than 5.0 microamperes per volt. The
Write PAM outpub shall be synchronized with the Write Clock with no
time slot in the Write PAM data stream delayed or advanced more than
100 nanoseconds. The bandwidth of the talk input must be limited on
the upper end by at least a third-order maxaimally f£lat filter with a
-3 dB point at 3300 #1350 Hz and on the low end by a -3 @B point not
above 300 Hz.

3.4.2 Listen Qutput

The listen output to each of the five remote intercoms
must drive an impedance of 600 ohmg. The output 1mpedance must be
less than 30 ohms. The voltage gain from the Read PAHM 1input to the
listen output shall be 1.0 +10% for the normal channels and 2.0 +10%
for the paging channel. That is, the audic samples received at the
Read PaM ainput shall be amplified and reconstructed inte the audio
signal at the listen output with a variation in gain less than 1.0 dB
over the bandwidth of the audio. The intermodulation products of the
14,545 Hz sampling frequency and the 300 to 3300 Hz audio freguency
shall be at least 26 dB below the output audio level.

3.5 Onerational Reguirements

3.5.1 Data Stream !

The data stream 15 comprised of 11 time slots, each 6.25
microseconds wide. The first time slot is the paging time slot:
1t will be sampled on the Read PAM contincusly. Audio samples will
be written on the Write PAM output in thas first time slot only,
When the bilas on the talk input 1s 0.00, the other 10 time slots
w1ll be sampled on the Read PAM input and written on the Write PAM
output. When the corresponding biras on the talk input i1s detected,
the different bias levels and the corresponding time slots or
channels are listed below:

BIAS TIME SLOTS CHANNHELS
0.0 volts + 50 millaivolts 1 Paging channel
0.5 volts + 50 millivolts 2 Channel 1
1.0 volts + 50 millivolts 3 Channel 2
1.5 volts + 50 millivolts 4 Channel 3
2.0 volts + 50 mrllivolts 5 _Channel 4
2.5 volts + 50 millavolts 6 Channel 5
3.0 volts + 50 millavolts 7 Channel 6
3.5 volts + 50 millivolts 8 Channel 7
4.0 volts + 50 millivolts g Channel 8
4.5 volts + 50 millivolts 10 Channel 9
5.0 volts %+ 50 millivolts 11 10

Channel

The bias of each of the five talk line inputs must be determined at
least every 10 milliseccnds. ‘The audio at a freguency of 200 Hz and

an amplitude of 2,0 volts peak shall not cause the bias to be encecded
erroneously.
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1.6 SCOPE

This specification describes the development design coals
and major performance specification of a SMI'? major subunit building
plock 1dentaified as the Remote Intercom Elec .ronics.

2.0 APPLICABLE DOCUMENTS

a. The guidelines, tradeoffs, and functional de-
scraiptions included as part of the SMDS Final
Report shall be considered as part of this sub-
unit specification.

b. SMDS Central Intercom Electronics Module Speci-
fication

¢. E8MDS Intercom Interface Specification

3.0 ELECTRICAL PERFORMANCE SPECIFICATIONS

3.1 General Reguirements

The Remote Intercom Electronics will interface with a
speaker, a 10-position channel selection switch, a paging key switch,
and a talk/listen switch. The Remote Intercom is c¢onnected to *he
Central Intercom with a four-conductor cable. Two conductors suvplv
the Remote Intercom with power and ground., The other two vires con-
duyct audio signals and various bias voltages to and from the Central
Intercor The talk cutput supplies to the Central Intercom an audio
signal that 1s amplified from the speaker and a selectahle hias level
that the audio 15 centered about. The bias 1s controlled by channel
selection switch position., The listen input, from the Central Inter-
cou, contains the audio signal that 1s to be amplified and applied
to the speaker. The talk/listen switch controls the mode of operation:
that 1s, whether the speaker i1s draiven by the Remote Intercom as in
the listen mode, or whether the speaker drives the Remote Intercom
which 135 the talk mode. The paging key switch overrides the channel
selection bias.

3.2 . Power Regquirements

The Remote Intercom Electronics shall not dissipate more
than one watt of power. The input power shall be supplied from the
Central Intercom. The line will be +15 +0.8 volts with respect to the
common or signal return also supplied by the Central Intercom.

3.3 Input Requirenents

3.3.1 Support Equipment Inputs

The Remote Intercom will receive the following inputs from
the support equipment of the intercom,

3.3.1.1 Paging Key Switch

The paging key switch supplics three input lines. 3
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closute impedance of less than 100 ohms between the bias line and
the switched line will cause the talk output bias to go to zero,

indicating a paging condition. A closure 1mpedance of less than

100 ohms betwveen the common lane and the swi ched line will cause
no override.

3.3.1.2 Channel Switch

The l0-positaion channel, switch inputs shall have no more
than 1 ohm of impedance between the switched input and the selected
vosation input. Each position input shall be isolated from all
other vosition inputs greater than 10 megohms.

3.3.1.3 Talk/Listen Switch

The talk/listen switch supplies two lines to the Pemote
Intercom. One line is an input and the other 1s an output discussec
in 3,4d.1. The input shall be connected to the speaker for the switch
in the talk mede., The input impedance shall be greater than 10
Kilohms ard the source impedance, including the switch contact im-
vedance, shall be less than 600 ohms. The input signal range shall
be from 5 to 100 millivelts in amplitude and DC to 50 kiz in frequenc:.

3.3.2 Listen Input !

The ainput to the Remote!Intercom from the Central Inter-
com 1s the listen input. The input impedance shall be greater than
600 ohms and the source impedance will be less chan 30 chms. The
signal shall be from 25 m:rllivolts to 1.0 volts in amplitude and
from 100 to 10,000 Hz in frequency.

3.4 Cutput Requirements

3.4.1 Intercom Qutput

The Remote Intercom must supply only one output to the
speaker via the talk/listen switch line. The load impedance iould
then vary from a load of 600 ohms to no load. The source impedance
shall'be less than 15 ohms. The amplification from the listen ingput
to the speaker output shall be 20 +1 dB. The bandwidth shall be lim-
1ted by -3 dB points (single order roll-offs) at 240 +60 Hz and 4400
+1100 Hz.

3.4.2 Talk OQutput -

The Remote Intercom shall provide one output to the
Central Intercom, the talk output. The +alk output shall be capakle
of driving a load of 600 ohms. The output impedance shall be less
than 30 ohms. The amplafication from the speaker input to the talk
output shall be 26 +1 dB. The bandwidth of thas amplification shall
be limited by at least single order rolloffs with -3 dB points oc-
curring at Z50 %50 Hz and 4400 £1100 Hz. The DC baas on the talk
output shall be controlled by the channel selection switch DOS‘thD
and the paging key switch. 1If the paging key switch 15 1n the "paging”
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position, the bias on the talk output shall be 0.0 volt #30 millivelts,
If the paging key is not in the "paging" posation, the bias on the talk

output shall correspond to the channel selected by the switch position
listed below: .

SWITCH POSITION TALK QUTPUT BIAS
Channel 1 0.5 £ 0.050 volts
Channel 2 - 1.0 £ 0.050 volts
Channel 3 1.5 # 0.050 volts
Channel 4 2.0 * 0,050 volts
Channel 5 2.5 & 0.050 volts
Channel & 3.0 £ 0.050 volts
N Channel 7 3.5 & ¢.050 volts
Channel 8 4.0 £ 0.050 volts
Channel 9 4.5 + 0.050 volts
Channel 10 5.0 2 0.050 volts
3.5 Operational Reguirement

The operation of the Remote Intercom i1s implied from the
above sections. The separation of the audio applied on the listen
input and the audio appearaing at the talk output shall ke greater than
40 dB from DC to 5000 Hz. This implies the attenuation from the
speaker output of the Remote Intercom to the speaker input must be
at least 86 A@B.
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1.0 SCOPE

This specification describes the electrical interface
regquirements for the SMDS Intercom Electronics consisting of the
Central Intercom Electronics and Remote Intercom Electronics.

2.0 APPLICABLE DOCUMENTS

a. The guidelines, trade-offs, and functional
descriptions included as part of the 5MDS Final
Report shall be consadered as part of thas
interface specification.
b. SMDS Central Intercom Electronics Module Specificataion,
c. SMDS Remote Intercom Electronics Subunit Specification.
3.0 ELECTRICAL INTERFACE SPECIFICATIONS

3.1 Central Intercom and Base Level/Deck Level Interface
Unit Interface '

The Central Intercom Electronacs 3is connected to the Base
Level/Deck Level Interface Electronics by four twisted-shielded pairrs
each with a characteristic impedance of 128 ohms. The signal level of
each is a maximum of 1 volt peak-to-peak. Figure 4.3.3.4-1 (volume I)
shows the interfaces. Each line is terminated at both ends with its
characteristic impedance.
3.1.1 Wraite PAM

The Write PAM line carries 160 kHz PAM data from the
Central Intercom.

3.1.2 Read PAM

The Read PAM line conducts demodulated 160 kHz PAM data
to the Central Intercom.

3.1.3 Write Clock

The Wrate Clock line conducts the demodulated Write Clock
to the Central Intercom. The fregquency of the Write Clock is 2.56 MHz.

3.1.4 Read Clock

The Read Clock line conducts the demodulated Read Clock to
the Central Intercom. The fregquency of the Read Clock is 2.56 MHz.

3.2 Central Intercom and Remote Intercom Interfaces

The Central Intercom can be connected to as many as five
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Remote Intercoms. Each Remote Intercom is connected to the Central
Intercom by four wires. Two of the wires contained in the four-wire
cable, supply the Remote Intercom with power and ground. The remain-
ing two conductors carry the audio and bias to and from each unit as
described i1n sections 3.3.2 and 3.4.2 of the SMDS Central Intercom
Electronics Module Develcopment Specification and section 3.3.2 and
3.4.2 of the SMDS Remote Intercom Electronics Subunit Development
Specification. Figures 4.3.3.3 , 4.3.3.4-1, and 4.3.3.4 -2 1llustrate
the interconnections.

3.3 Remote Intercom and Intercom Support Cguipment Interfaces

The Remote Intercom is connected to the support equipment
by 17 wires including the return lines. Eleven lines connect the
channel selection switch to the Remote Intercom. Three lines connect
the Remote Intercom to the paging key switch. Three lines connect
the speaker and talk/listen switch to the Renmote Intercem, Figure
4.3,3.3 1llustrates the interfaces and signals and impedance levels
of the interfaces, which are discussed in sections 3,.3.1 and 3.4.1 of
the Remote Intercom Electronics Specification.
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12.0 DIGITAL STATION

12,1 ACCOMPLISHMENTS

As a result of this portion of the SMDS study effort for Space Buse, a digital data
network was conceptually designed. This network. hos the copability of tronsferring high-speed
digital data between 256 spatiolly separated stations without requiring a complex central control

and monitoring unit.,

The digital stafions employ specially developad, high-speed bipolar LS| chips and
utilize power sirabing to minimize system power consumption. Data rate to the bus is approxi-
mately 5000 bps while monitoring capability con be equal to 1.28 Mbps, if desired. The proposed

system utilizes a unique clock implementation which eliminates the effects of leve! modem and

J

Assigned time siot oporalicn was solectad os the basic operating mode. in this

level spatiaf delays,

manner, each digital station is cssigned o unique tima slot during which it can tronsmit up to 32

bits (plus panity) of data, Synchronizing action, controlled by the system clocks, is accomplished

once every major frams.
12.2 FROBLEMS

Several mojor technical problems hud fo be considered in detail prior to completion

of the proposcd digital station system. Each of these problems is discussed briefly below.

12.2.1 Implementation Trade

The following four implementations were considered s potential candidates for the

SMDS digital requirements:
a. interrogate/Reply
b. Two-Poss Polling
c. Unessigned Tima Slot
d. Assigned Time Slot

Eoch of these hus features vhich make it suitable for the required application.
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12.2.1.1 Interrogate/Reply

This candidate operates in o command response mode. A central control unit is
established which controls the digitel sterion operation through a controlled format of commands
transmitied to all digital stotions. The commanded station then transmits daia on the bus,

making it available for all interested stations.
12.2.1.2 Two-Pass Polling

A polling implementation operates in o fixed-format mode in which each station is
polied for potential data requests. This is transmitted, if data is desired, after which the poll is
passed to the next station. During the sscond pass, those stations from which daic was previously
requested transmit data under the same poil control. In this monner, data is transmitted only by

tho=e stations whose data is currently required at other locations,

12.2.1.3 Unassignad Time Slor

This potential implementation would be designed very similor to the SMDS tele-
phone system. A fixed number of time slots would be established by o central timing unit (CTU),
Any station requiring data would acquire o time slot, if available, and transmit control informa=

tion to the station processing the date needed, The inferrogated stotion would then reply.

12.2,1.4 Assigned Time Slof

The assigned time slot digital station candidate would use a rigidly controiled
format. A CTU would generate 256 time slots. Each station would transmit data upon coinci-
dence of the current time slot with the time slot assigned {permanently} to each station. Stations
requiring data from the currently transmitting unit woeuld simply enoble their receivers during

this interval.

12.2.2 Sx's_tem Delors

Perhaps the most significant preblem encountered in development of the SMDS
digital stations was that of dealing with system delays. The dolays may be clossified os inter-
level {moin bus) delays ond intralevel. The main bus delays ore mainly spatial; generated by
the requiremant to interconnect digital sfations at 21 different levels, invelving fransmission

distances of up to 350 feet. Tho intraleval delays are due to both distance and equipment. The
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effects of spatial deloys in excess of 45 feet combined with coupler, receiver, and transmitter

delays hod to be overcome to obtain a workable digital system.

12.2.3 Level Distribution

The preferred system for conveying ddata from the Base Level/Deck Level Modem
to the individuel level digital stations presented a significant problem. The effects of spaticl
delay, EMI performance, and fail-safe operation requirements had to be considered in detail.
In addition, o data cede had to be selected which wos compatible with the cbove level-distiibu=

tion charactaristics.
12.3 RESOLUTIONS

12.3.1 Preferred Implementation

As outlined, four candidate systems were considered to embody the basic concepts
of a suitable digital system, Eoch was found to possess some characteristies which would be of
use in a multiport digital station system. Bused on a review of the salient characteristics of each
condidate and o subsequent comparison of these with the Statement of Work guidelines, it was
decided that the ossigned tims slot candidate wos prefarred for use on Space Base. The assigned
tima slot digital implementation has the advantege of minimal station complexity, low percentage
of overhead dota, high datd reception rate, and negligible central control complexity. A
potential disadvantage, rigid format with fixed sample rate (5000 bps/station) is difficult fo

access without detailed information about the digital station Interface equipment.

12.3.2  * System Delays

The interlevel spatial delay problem was resolved through adoption of a time
directional dote tronsmission bus, in which dala is only propogrted in one direction ~ each level
generates signals which are propagated "down™ the bus. The bus is arranged in o round-trip
configuration enabling ol levels o obtain duia from ali other levels. By generation of o 1.28
MHz clock ot the beginning of the bus, all levels are synchronized; that is, if response fo the

bus clock ar the level interfoce were instantuncous, all data would be exactly in sync with clock

at all levels.
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The intralevel delays problem wos resalved by the introduction of a second 1.28 MMz
clock (read clock) delayed from the origingl clock (write clock) by an amount equai to the worst-
cose level delay. By incorporation of this clock, presence of dota at the reed clock transition

was assured .

12.3.3 Level Distributien

For the delayed read clock concept to work successfully, it was necassary for ali
delays from the Base Level/Déck Level Modem to the digital stotion output interference to be
both minimized and controlled. The minimization of delay was effected by using two semicirculor
buses for level distribution. This enabled spatial delays to be kept within the limits of 52 to 122
nanoseconds. Also the digital stotion delay was minimized through use of high~mpeed, power

strobed logic. The toial station delay is estimated as 175 to 75 nanoseconds, worst cose.

.

In addition to deloy control, the leve! distribution network must be immune from
EMI (susceptibility and generation), og well os short eircuits at the digital stations. EMI tests
run on several cable types resulted in the selection of twinaxiol cable for the level bus and the
stubs connecting the individual stations fo this bus: This prevents shorts within the individual
stations from offecting operation of the level bus. A fail-safe transformer coupling was selected
as the stub~bus coupler. A final consideration of the level distribution problem was that of
selecting a suitoble code for date encoding. Manchester code was salected to eliminate the

possibility of significant direct current on the bus,
12.4 MATHEMATICAL ANALYSIS OF DESIGN

The only significant onalysis required for the proposed digital station was the
detailed level delay analysis. As mentioned, the minimization ard contiol of oll delays in the

level path is essentiol to the operotion of the delayed read clock concept,

The delays expected on the level distribution are listed below. Analysis of zach

deley is presented,
a. Base Level/Deck Level Demodulator
b. Deck Level Distribution Bus {2X)

c. Digitel Station Demodulation
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d. Digitel Station Modulation
e. Bose Level/Deck Level Modulater

12.4.1 Base Levei/Deck Level Demodulator

In conventional RF analysis of an envelope detector, preceded by a bandpass
filter, it is usually assumed that the resultant waveform rise time is related to bandwidth os
- 0.8
A Bandwidth
For the 6 MHz video channels, a 4.5 MHz usable bendwidth is expecred, Thus,
the write clock rise time from its demodulator witl be opproximately

T = 4_-.2—;:8—?35 = 189 nanoseconds

Actual delay of the write elock fer levs! distribotion witl be a funciion of rhe
switching level selected. It is reasonable o expect the signal-to-noise ratio ot the demodulator
output wtll be such that the delay can be held to 100 nonoseconds. Assuming this to be the
moaximum delay, voristions in signal level ond detector characteristics are assumed fo reduce this

delay to a minimum of 50 nanoseconds,

12.4.2 Deck Level Distribution Bus

A delay is created in the write clock signal as it propagates along the level bus.,
A value of 1.5 nanoseconds delay per foot of bus has been measured for several twisted shielded
paits. A maximum distance between the Base Level/Deck Level Interface unit and a digital
station on a level is approximately 41 feet. This results in a one~way delay of 63 nonoseconds.
A minimum distance is 17 feet with a resultant minimum delay of 26 nenoseconds. Since both

the clock and the resultant level data encounter this spatial deley, these delays must be doubled.

12.4.3 Digital Station Demodulation

A high signal~to-noise ratio ot all digital siation is assumed. Lse of high~speed
detectors and high-speed nonsaturoting logic makes it ssem reasonoble thet the total dalay from

write receiver input through time slot recognition to be effectively controlled within the range

of 25 to 75 nonoseconds.
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12.4.4 Cigial Stohion Modulahen

All data for transmission is contained in a 32-bit bipoler LSI device. The delay
from dota cleck to modulator data cutput is estimated to be within tha limits of 50 16 100 nano~

seconds.,

12.4.5 Base Level/Deck Level Modulation

Premodulation filtering of data will be required to reduce transmission of data
harmonics obove the third; thereby, reducing edjacent channel crosstalk. This high-pass fiftering

will result in o dota rise time to modulator input os follows:

= %"-\;3-@*; or for Space Base T = —0—§-§-—5 = 78ms
r o 45x10

The modulated carrier might tharefore be delayed by 50 nanoseconds (maximum and
2% nencseconds (minimom) under conditions of agnal and carrier lavel voriction, In SommTTY,

the level delays are shown below:

Max (ns) Min {ns)
Bose Level/Deck Level Demodulator If-JO 50
Deck Level Distribution Bus (2X} 124 52
Digital Station Demodulation 75 25
Digital Station Modulation 100 50
Base Level/Deck Level Modulator 50 25
451 202

Based on this level deloy analysis, the system read clock must be delayed by at

least 450 nanoseconds (say 500) from the write clock.
12.5 THEORETICAL PERFORMANCE OF DESIGN

The theoretical performance of the SMDS digital design is described, in detail,
in sections 2.4 and 4.3.4 of this report.

12-6



12.6 EXPERIMENTAL PERFORMANCE OF DESIGN

No experimental performance evaluation of tha proposed SMDS digital station
complex was parformed directly os o result of this study., Howsver, o 1 msgobit, 200 feot,
data distribution system was implemented for a 32 station system. Further expariments were
performed on a 300-foot section of twisted shielded parr using a 5 megabit Monchester data
tronsmission. This experimentation was carried on concurrently with the SMDS study and much

of the information gained was utilized for the SMDS study.
12,7 TRADE-OFFS
The trade studies parformad in selection of the proposed sysfem were:

a. Determination of the preferred method of digital station gperation (ossigned

time slot versus unassigned tima slot, hondshaking, etc.)
h
b. Deferminaiion of the maximum posible bit mte as it s affected by video

channel width and level disiribution delays.
¢. Optimization of the Level Distribution configuration.
These trade studies are presented in section 2.4 of this report.

i2.8 SUMMARY

A feasible 256 stotion, digital data distribution system has been conceived for the
Spoce Bose SMDS. The system permits communication of any station with all ethers, with dota
reception rates in excess of 1 Mbps. Daty transmission rate is fixed of opproximately 5 kbps, o
rate which appears to be adequate for the housekesping nature of the SMDS digital requirements.
Digital stotions may be located anywhere on the Space Besa without concern about proper
operation, No complex central control is required to coordinate the station transactions, which

enhances system reliability and permits attainmeni of the high information rates outlined above.
2.9 SCHEMATICS AND DRAWINGS DEVELOPED

The drawings ralating to the Digitsl Stations appear in section 4.3.4, volume I,

of this raport,

12-7



12.10 DEVELOPMEMT SPECIFICATION

The folloewing development specification is provided as a port of this section:

SMDS Digital Station Module
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SMDS DIGITAL STATICN
MODULE

DEVELOPMENT SPECIFICATION
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1.0 SCOPE

Thas specification describes the development design goals
and major performance Specifications of a SMDS major Module builild-
ing block identrfied as the Digatal Station Moduls.

2.0 APPLICABLE DOCUMENTS
The guidelines, trade-offs, and functional descriptions

included as part of the SMDS final report shall be considered as
part of this Module Specification.

3.0 ELECTRICAL PERFORMANCE REQUIREMENTS
3.1 General

The Digital Station Module (DSM) i1s the major element
in a digital data transfer system for use on Space Base. The system
15 configured to permit each of 256 stations to transmit 32 bits
{plus paraty) of diagrtal data onto a common one-way bus; each stat-
ion transmitting at a time uniguely determined by its Time Slot Plug
{(TSP) wiring. In addition to data transmission as described, the DSM
mast have the capability of.decoding any 33 biv word of seriai-
digital data on the data bus. Control of the read/write capability
of the DSM 1s accomplished by two clocks: the read clock and the
write clock. Synchronization is performed by controlied interruption
of these same two clocks.

3.2 Digrtal Station Input and Output Requirements

3.2.1 Digaital Station Module User Interface

Refer to figure 1}, DSM Interface, for this and the fol-
lowing sections. The user interface is comprised of 75 single con-
ductor lines which control the operation of the DSM, as well as
provide input/output (I/0) data. These lines shall be compatible
with MECL III logic or equivalent (Logic 0 = 0#.250.volt; logic 1 =
~1 to ~1.5 volts).

3.2.1.1 Output Request Enable

This single line shall, when a logic 1, cause the DSM to
decommutate 33 bits of data from the data stream existing at the
Receiver Data input to the DSM. %he time slot location of the 33
bits shall be controlled by the status of the Output Data Address.

3.2.1.2 Output Data Address

The 8 Output Data Address lines are used to determine
which time slot data shall be decommutated. '
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3.2.1.3 Qutput Data Lines

These 32 lines shall display the data contained in the tive
slot des:ignated by the Output Data Address lines 1f the Output
Request Enable line 15 a logic 7. The data shall be held until the
Output Data Address is again coincident, at which time the data shall
be updated 1f a change i1s found in the addressed time slot. When
the Output Request Enable goes to a -logic 0, the Output Data Lines
snall be cleared to zero.

3.2.1.4 Input Request Enable

Th:is line, on geang to a logic }, shall be used to initirate
data transmission by the DSM. The PSM shall transmit the 32 bits of
data at tne Input Data Lines upon coincidence of the DSM write time
slot counter with the taime slot data contained by the time slot plug.
The data exasting at the transition of the Input Request Enable shall
be stored by the DSM within 1 clock cycle of the Input Reguest
Enable transaition.

3.2.1.5 Input Data Lines; B

These 32 lines shall contain MECL IIi (or eguivalent)
logic compatible signals for transmission on the Transmit Data Lane.
The rzlationship of these lines and the Input Request Enable 1s
specified in 3.2.1.4 above.

3.2.1.6 Transaction Complete

The DSM shall be required to signal the completion of
either a 32-bit transmission or reception of 32 bits as requested.
After data transmissiocn, the DSM shall generate a pulse of approx-
imately 1 clock cyecle duration, coincident with the transmission of
bat 33 (parity). After reception, 1f parity 2s correct, the DSM
shall output a samilar pulse cowncident with the reception of the
parity bit.

3.2.1.7 Signal Characteristics

All signals shall be derived from MECL XII (or equivalent)
logic and snall be compatible with MECL IXI,

3.2.2 Digrtal Station Module/Bus (DSM/B) Intecrface

The DSM/B interface consists of four twisted shielded
pairs (excluding power). The function of each connection (refer
to figure 1) shall be as specified below,
3.2.2.1 Read Clock '

Due to spatial delays encountered in the Space Base dis-
tribution systems, two clocks are reguired to maintain synchronism
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of the system, Tne Read Clock line provades timzng data to permit
the DSM to correctly decommutate data. All timing for the processing
of data received on the Receiver Data Line shall bz derived from

this clozk line. Once every 256 time slots (8448 cycles) at least
one clock cycle will be skipped. The "skip" shall be sensed by the
DSM and the DSM-receive clrcuitry shall reset to time slot zero.

3.2.2.2 Write Clock -

The Write Clock line provides timing and synchronization
signals in a manner analogous to that of the Read Clock. All taim-
ing for the transmission of data on the Transmit Data/Line shall be
derived £rom this clock.

3.2.2.3 Read Clock, Write Clock Signal Characteristics

The sinusoidal freguency of the received clock signals
will be 2.56 % 0.06 Mbps. The amplitude of these signals will be
within the range of 0.5 to 2 volts peak-to-peak, depending on the
location of the DSH and the status of the level distribution bus.
The DSM shall accept signal amplitude variations within thas range
without degradation of performance.

3.2.2.4 Receive Data

Data shall be transmitted throughout Space Base in Man-
chester {II + 180°) format. The DSM, in conjunction with timing
from the Read Clock and control signals from the user interface,
shall receive and aecode serial-digital data from this line and
output the resulting data as reguired by control.

3.2.2.5 Trans-mit Data

Tite DSM shall transmit serial-digital data as required
by the user interface control signals. The data shall be encoded
into Manchester (II + 1800) format priocr to transmission.

3.2.2.6° Transmit Data Signal Characteristics

The DSM shall be capable of generating a Manchester
{II + 1809) serial-data stream with voltage amplitude of 2 volts
peak-to-peak inte a 78 ohm % 10% cable., The amplitude of this
signal shall net vary more than # 5% with worst-case variations of
power, temperature, or cable impedance.

3.2.3 " Bit Rate

The DSM shall operate at a nominal daca rate of 1.28
Mbps at read and write clock freguencles of 2.56 Mbps. The DSM

shall operate without degraded performance at bit rate (and corres-
ponding clock) reduction to 640 kbps.
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3.2.4 DSM Pelay Reguirements

Application of the DSM 1n a spatially distributed complex
requires that delays be minimized and controlled. This can cnly he
acconmplished by extreme care in design and the use of hignh-speed
(MECL 1II or equivalent) non-saturating logic. The maximum allowable
delay from the appropraate write clock transition to the appearance
of the first transmitted bat shall be.70 to 175 nanoseconds under all
operating conditions.

P

3.2.5 Power Reguirements

The DSM shall require no more than two power supply volt-
ages with supply tolerances better than % 5% over all operating
conditions. Every effort shall be made to minimizZe power Consump—
tron which shall not exceed 5 watts, maximum,

3.

)

DSM Multiplexer

3.3.1 Basic Operation

The Input Multaplexer (IM) shall be a 32-bit parallel-
to-sexial converter capable of operating at a 1.28 Mbps rate. The
IM shall, upon being enabled, transmit 23 bits of NRZ data ain
synchronism vith an externally applied clock. Bit 33 shall be an
odd-parity bit, the computation of which shall be done within the IM.
A block dragram of the IM is shown in figure 2.

3.3.2 Input Requirements

Thirty-five input lines shall be required for proper
operation of the IM. The functions of these lines shall be as
specified below.

3,.3.2.1 Data Input

Thirty~two MECL III signals shall be parallel coupled
into theIM. This data shall be present prior to activation of the
Enable 1 line,.

3.3.2.2 Enable 1

The Enable 1 line 15 provided by the eguipment which
generates the data to be transmitted. When this line 1s a Logic 1
data shall be outputted in synchronism with the clock, provided the
Enable 2 line 1s active.

3.3.2.7 Enable 2
The Enable 2 line is generated within the DSM, indicating

time slot coincadence. With both enables active, NRZ data shall be
transmitted on the Serial Daigartal Qutput line.

PAGE & REY |
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3.3.3 Output Requiremsuts
e

Two output lines arxe reguired form the IM miecrocircult.
The functions of these lines shall be as specified below.

3.3.3.1 Serial Dagatal

Serial-Dig:rtal (NRZ) data shall be outputted on thas line
(1f Enable 1 and Enable 2 are active) in synchronism with the c¢lock.
The levels shall be: "zero®™ 0 % 0.5 vdlt and “"ona" -2.5% 0.5 volts into
1000 % 10%.

3.3.3.2 Transaction Complete

This line, normally low, shall be active during the trans-
mission of bit 33 (parity).

3.3.4 Craitical Delays and Taiming

3.3.4.1 Throughput Delay

Throughput delay is defined for the IM as the delay (50%
points) between the application of Enable 2 and the appearance of the
Errst data bat. In use, the clock may or may not be in a logic 1
state at the time of the Enable 2 excursion. The IM throughput
delay shall be no greater than 20 nanoseconds. A maximum of 20
nanoseconds delay between successive clock ecycles and data output
15 also specafied.

It P

3.3.4.2 Latch Delay

The data at the 32 data input lines may change after one
clock cycle. The IM shall store the data existing within the first
clock cycle after enable,

3.3.5 Power Reguiremnnis

A maximum of two power supplies with voltage tolerances
of ¥ 5% shall be required for operation of the IM., The maximum
povwer dissipated by the IM shall be less than 1.0 watts,

3.4 DSM Multiplexer

3.4.1 Basic Operation

The Output Demultiplexer (OD) shall be a 32-bit serial-
to-parallel ¢onverter capable of operating at a 1.28 Mbps rate.
The ©OD shall, upon being enabled, receive 33 bits of NRZ data.
An external clock is provided to establisa timing for decommutation
of the input ser»al data. Bit 33 shall be an odd-parity bit, the
validity of which shall be checked within the Ob prior to parallel
catput of the received daca. A block diagram of the OD 15 shown
wn Figure 3.
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3.4.2 Input Requirem=ants

Four ainput lines shall be reqguired for proper operation
of the OD. The functions ©f these lines shall be as specified
below.

3, 4.2.,1 Enable 1, Enahle 2

The OD shall be inoperatile until both these enable
lines are activated by setting te a logic 1 state. Upon activation,
NRZ data present at the Seraal-Digital input shall be shifted into
the OD under control of the Clock Input.

3.4.2.2 Clock

The 0D shall operate with a clock frequency of 1.28 MHz,
Operation shall not be affected by reduction of the clock frequency
to 640 kHz.

3.4.2.3 Serial Digital

This input terminal of the OD shall receive NRZ serial-
digital data generated within tne DSM. Aftexr bsding enablsd. the 0D
shall receive 33 bats (1 parity) under control of the clock input.

i

3.4.2 Output Reguirements

Thirty-three lines shall be required to perform the desired
functicn of the OD. The functions of these lines shall be as speci-
fied below:

3.4.3.1 Output

Thirty-two ocutput lines shall be required for presentation
of the received serial-digital data. These lines shall be MECL III
compatible. Data shall be presented on these lines for the remainder
of the 33rd clock cycle period once parity has been verified. The
data shall be held ipndefinitely, regardless of the state of Enable
2, but shall be updated 1f the enable and clock criteria are met
subsequently. If Enable 1 is deactivated after the Transaction
Complete line i1s enabled, the data shall be held only for the gur-
ation of the 33rd clock cycle (200 nanoseconds). If parity 1is
incorrect, the output lines shall not be changed from the latest
state.

¥

3.4.3.2 Transaction Complete

This line, normally low, shall be active the remainder
of th: 33rd clock cycle after parity has been verified.

PAGE 10 REY.
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3.4.4 Throughput Dalay

The throughput delay is defined for the OD as the delay
{(50% points) between the application cof the enable commands and the
start of the data received operation (internal measurement). This
delay shall not exceed 100 nancseconds. A maximum delay between
parity bit arrival and data output of 100 nanoseconds ig also

specafied.
3.4.5 Power Regquirements

A maximum of two powelr supplies with voltage tolerances
of 15% shall be required for operation of the OD. The maxaimum
power dissipated by the OD shall be less than 1.0 watts.
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SECTION 13.0
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13.0 CIRCUIT DEVELOPMENT

A numbor of circuits which reguire further davelopment for usa in the SMDS, have
baen idantified during the course of this study. Where uppropriate, discussions of theze circuits
wera included in the technicol description of the modules or subunits where they were used. The

remaining units are describad in the following pam;:;mphs.
13.1 CRITICAL CIRCUIT DESCRIFTIONS

13.1.3 UHF Mainline Amplifier

The circuits required for AGC and slopa equaiization of tha Mainline UHF Ampli-
fier (seo section 7.3.4) have been identified as cireults which will require additional develop=

ment,

Active filters are also desirable for filtering the pilet channels and their develop~

1

ment is encouragad,
!

i
Ultra-linear widebond amplifier of UHF fraquencios are identified as requiring
further development in section 7.3.4 end their desirable characteristics are specified in the

section 7.0 specifications.

13.1.2 UHF Modulator and Demadulater

Vaoliage tunable UHF bandpass filters ore identified in section 9L3.1 as requiring

cdditional development.

. Frequency synthesizer design is identified in section 9.3.2 es requiring addifional

development.

13.1.3 Telephone ond Infercom

The Telephone and Intercom possess similar circuitry which moy be developed as
ona unit. The Transconductance Amplifier and the Differsntial Receiver are identified o5 re~

quiring cdditional devclopment. These requirements are discussed mora fully in section i3.2

13.1.4 Digital Siation Modam

The concepts involved in fronsmission and reception of digital data of the digital

stafions, a2 not complex from a logic design point of view, The operalion of a Manchester
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encoder~decoder/receiver~transmitter at 1.28 Mbps is siraightiorward. Counting and com=
parison for determination of fime slof coincidence are also relatively well practiced digital
techniques. Serial~ta~parallel ond paraliel-to-serial converter technology is well developed,
and 8-bit unifs of these devices ore currently morketed as MSI vompanents by the semiconductor

industry,

Thus, in one sense, there are no critical circuits incorparated in the conceptual
design of the SMDS digital station modem. However, because of a nesd to keep the level delay
variation to a minimum, it is necessary to accomplish the above functions at the highest possible
speeds. As shown in the mathematical analysis of section 12.4, the fotal turn-around time for
the Digita! Station {from write pulse to daota on line) must be less than 175 nonoseconds. This
requires that Manchester decoding, ccunting, comparizon, shiffing, and enceding operations ba
exiremely fast, This cen only be accomplished by straightforward design and the use of high-

speed, nonsaturating logic.

in the interest of high speed as well us low cost, the functions of dafa conversion
(serial/parallel/serial} have been incorporated in LS bipolar chips. If is considered that these
are the two critical cireuits for design of the SMDS digital station, The specifications for these

uniis are provided as part of the Digital Station Module Specifications, ssction 12.0.
13.2 MICROCIRCUIT DEVELOPMENT
13.2.1 UHF Amplifier

The SMDS UHF Amplifier Subunit Development Spacification in saction 7.0 of this
report, 15 a microcircuit specification. Devolopment of microcircuit UHF amplifiers is currently

In progress within the semiconductor industry (seciion 4.2.5.1).

13.2.2 Telephone and Intercom

13.2.2.1 Transconductance Amplifier

The transconductance amplifier that drives the write PAM transmission line 15 a

g T

critical circuit. Driving a transmission line in a curtent mode is often desired, if the driving
clement does not have the matched impedance of the {ine. The transconductance amplifier

? converis a single-ended voltage into a differential curront which is proportional to the applied
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input voltage. High transconductance accuracy and low=outpuf admittance are the crificel
parameters of this circuit. The transconductance should be 2.0 milliomperes per volt, £5
percent, and the output admittance should not be greater than 5.0 microomperes per volt,

Cther parameters of this circuit are listed below: -

a,  The input voltage range shall be within +2.5 fo ~2.5 volts.
b.  The input impedance shall be greater than 50 kilohms.
c. The moximum load impedanca sholl not exceed 1000 ohms differential

and 1000 ohms common mode.

A model of the circuit is shown balow,

N

+/* r L
7, 3 C‘D $e, ,

N i Gm. e

- > >

where:

V] is the input voltage
Z, s the input impedonce

. Gm is tho output transconductance
Go is the output admittance

13.2.2.2 Differentiol Receiver

The read PAM differential receiver is considered a eritical circuit, I must have
good differential operational amplifier parameters, and the gain bandwidth product must be at
the state-of~the-ort limit of 15 to 20 MHz. The input voltage range is +1.0 to ~1,0 volts
differential and +2.0 to ~2.0 volts common made, and the differenital gain is 2.0 & 3 psorcent.
However, a problem exists in achieving o bandwidth of ot lecst 4,0 MHz, Other required

parameters ora }isted os follows:
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a. The input impadance must be af leost 100 kilohms differential and at least
1 megohm common mode.

b. The common mode to differenticl conversion must be no greater than 100
microvolts differential output pér volt of common mode.

¢. The output impedance should not exceed 100 ohms.

The similarity between the transconductance amplifier and the receiver circuit

should be exploited to minimize development costs.
13.2.2,3  Clock Detector

The clock detector is considered a critical circuit because of its requirement fo
detect the resat condition within the clock sighal for synchronization. The clock signal must
be amplified ond converted into a logi:c level, which is subsequently counted dewn, The clock
detector will generate a counter reset command upon the absence of two clock cycles. Required

parameters of this circuit are listed below:

g. The input impedance must be greater than 10,000 ohms differantial ond

10,000 chms common mode.
b. The peak-to~peck amplitude of the clock will be 500 millivolts to 1.50 volis,

c. The frequency of the clock is 2.56 mogehertz, The outputs must be o

logically compatible clock signal and resat signal .

Fl

13.2.3 Digital Station

The Digital Station Medule Multiplexer and Demultiplexer, appearing in tho
specifications portion of seciion 12,0 of this report, are both considered microcircvit clements.

Thase circuits are also discussed in soction 13.1.4.
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FUTURE SMDS DEVELORMENT
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14,0 FUTURE SMDS DEVELOPMENT

The preceding sections of this regort hove conceived, anolized, developed, and
specified hardwore which, when implemented, will comprise a Space Base Telecommunicotions
System. Several recommendations are mede of the conclusion of volume | (section 5). The first
of these recommendations is for further study in the areos of extended bondwidth, bus routing,
and TDM transmission via video channels, These tasks must precede the development of any of
the SMDS UHF modems. The second recommendation, for further survey and research into
parallel and related development efforis by industry, may be carried on concurrently with the
three study tasks described previously. The hardware development for the modules and subunits
specified in sections 7 through 12 of this reporf, may begin only ofter the execution of the first

fwo recommendations.

The level of effort for the three study tasks is on the order of 8,000 to 10,000
dollars each, for a period of 6 to ¢ months. The implamentation of ths second recommendaiion
may be conducted at several levels, runging from a verdor survey o a {arge-scale components
evaluation program. The approximate cost and schedule for o progrem of this type is dependent
uipen the level of effort desired. The third recommendation for hardware development should
proceed on those items which can be ideniified os nscessary for future space vehicle telecom-
munications requirements, Again, costs and schedules are dependent upon the level of effort
desired, which may range from breadboard development models fo deliverable proiotype equip-

ment.
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