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FIGURE 1-2. SPACECRAFT ISOMETRIC

30 rpm on station. The spinning section contains the propulsion, attitude con-
trol, and power subsystems. The despun section contains the telemetry,
command, and communication subsystems and the spacecraft's earth pointing
antennas. The antennas and the equipment on the despun platfirm are
replaced by the 30/20 GHz payload. The spinning section is virtually
unchanged.

The LEASAT propulsion system incorporates the perigee and apogee
stages needed to lift the spacecraft from low Shuttle orbit into synchronous
orbit. A liquid propellant system will be used for perigee augmentation and
the complete apogee impulse. Four years of on-orbit station keeping and'
attitude control will be provided by a standard monopropellant hydrazine

-	 system.
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1. SYSTEM SUMMARY

The communications concept is illustrated by the block diagram
of the satellite payloa ,3 i'"tgure 1-1). It consists of trunking service (TS)
and customer premix, ervice (CPS) experiments. The trunking system
serves four spot beams which are interconnected in a satellite switched
time division multiple access (SS TDMA) mode by an IF switch matrix.
The CPS system covers two large areas in the eastern half of the United
States with a pair of scanning beams. The individual spots which comprise
these CPS areas are interconnected through a baseband processor (BBP)
on board the satellite. Both trunk and CPS systems use an antenna with a
10 foot main reflector. The downlink data rate of 256 Mbps (for both trunk
and CPS) are supported by 40 watt TWTAs being developed for NASA by
Hughes Electron Dynamics Division. Since the trunk and CPS services
are not simultaneous, the trunk TWTAs are also used for the CPS. The
CPS total uplink data rate is broken in 32 Mbps uplink channels so that
low cost earth stations can be employed.

The NASA 30/20 GHz flight experiment has a 2 year duration, however,
she satellite is to be designed for a 4 year lifetime so that additional usA of the
satellite can be made by industry if there is a need. The spacecraft propul-
sion system mus t_ have fuel for 4 years of stationkeeping in both inclination,
longitude, and spacecraft attitude.

It is a NASA requirement that the communication payload be installed
on an existing spacecraft bus. A 4 year lifetime is required. The bus
employed by Hughes is the LEASAT spacecraft. Figure 1-2 shows the
30/20 GHz flight experiment installed on the LEASAT bus. The antenna
employs a Cassegrain configuration. The planar surface is a frequency
selecti-e screen which separates the transmit and receive signals. The
trunk feeds are part of the scanning beam feed arrays which are shown. The
20 GHz beacon antenna is also visible. The beacon signal is available on
propagation measurements anywhere in the contiguous United States (CONUS).
It also carries the telemetry and ranging data.

The LEASAT spacecraft configuration is shown in Figure 1-3. It is
the first communication satellite designed to be launched only by the Space
Shuttle and to take full advantage of the Shuttle's considerable launch cost
savings. In its launch configuration, LEASAT is 422 cm in diameter and
430 cm in height. The spacecraft is a dual spin configuration, with a rate of

1-1
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FIGURE 1 .2. SPACECRAFT ISOMETRIC

30 rpm on station. The spinning section contains the propulsion, attitude con-
trol, and power subsystems. The despun section contains the telemetry,
command, and communication subsystems and the spacecraft's earth pointing
antennas. The antennas and the equipment on the despun platf-)rm are
replaced by the 30/20 GHz payload. The spinning section is virtually
unchanged.

The LEASAT propulsion system incorporates the perigee and apogee

	

s-	 stages needed to lift the spacecraft from loxk • Shuttle orbit into synchronous
orbit. A liquid propellant system will be used for perigee augmentation and

	

`	 the complete apogee impulse. Four years of on-orbit station keeping and'
attitude control will be provided by a standard monopropellant hydrazine

	

¢	 system.
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TABLE 1 . 1. SPACECRAFT WEIGHT SUMMARY

Item Payload Weight, lb

Payload 465
Antenna 189

Microwave 123
Digital 111
Margin (10%) 42

Bus 2,285
TT&C 123
Controls 75
Power 541

Propulsion 323
Structure 1,100
Margin (rotor) 114

Spacecraft (dry) 2,750
Propellant (BOL) 345

RCS W yr) 324
LAM residual 21

Spacecraft (BOL) j,095
Transfer orbit expendables 12,191
Shuttle deployment 15,286
Cradle and ASE 1,785
Shuttle payload 17,071
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The 30/20 GHz flight experiment vehicle will weigh 17, 071 pounds in
the Shuttle bay and 3, 095 pounds when it reaches synchronous orbit. Its weight

F	 at the end of 4 years will be Z,750 pounds. A weight summary is given in
f	 Table 11 -1. The total spacecraft weight margin provided by excess propulsion

capability is 156 pounds. A 10 percent payload weight margin of 42 pounds
was allocated to the payload leaving 114 pounds as rotor weight margin. The
ultimate limit '.n payload weight is the stability requirement that the spin to
transverse inertia (Is/It ) ratio ^e greater than 1. 05. As much as half of the
114 pound rotor margin cou-Id be reallocated to the payload if the remainder
of the rotor margin were positioned near the perimeter of the rotor. The
actual fraction of the 114 pounds which is available for the payload depends on
whether the payload weight growth was above the despun platform (e. g.,
antenna) o_ in the despun platform which is near the center of gravity. If the
first of two options which were studied at NASA's direction were implemented,
the payload weight would be reduced by 49 pounds by eliminating one of the
scanning beams and reducing the BBP throughput. The additional margin pro-
vided by option 1 does not appear necessary. The second option, which added
an FDMA capability to the payload, added 16 pounds to the payload. Adoption
of option 2 would appear to leave adequate margin. Also, option 2 could be
removed if necessary without any significant effect on the remainder of the
payload.

Table 1-2 is a power summary of the 30/20 GHz spacecraft. The
major portion of the trunking service payload power is for the four 40 watt
TWTAs. Ln the CPS mode, only two of the TWTAs are used but the BBP,
which is used primarily for the CPS mode, replaces these TWTAs as a power
user. The effect in power demand of the two options is insignificant com-
pared to the very large power margin.

TABLE 1 .2. POWER SUMMARY (WATTS)

Item

Baseline

TS CPS

Payload

Antenna 1.8 9.8
Microwave 515.6 285.6
Digital 41 223.2

Bus 228 228

TT&C (48)
Controls (37)
Power (92)
Thermal (51)

Spacecraft 786.4 746.6
Capa3 lity (4 yr) 1,090 1,090

Margin 303.6 343.3

1-5



The 30/20 GHz flight experiment spacecraft will be carried in the
Space Shuttle as shown in Figures 1-4 and 1-5. It will be held in the Shuttle
bay by a reusable cradle. which attached to the mainframe of the Shuttle at
five points. While the Sh%ittle is orbiting at an altitude of 160 n. mi. , the
spacecraft will be ejected by two springs which supply a separation of
160 n. mi. , the spacecraft will be ejected oy two springs which supply a separa-
tion velocity of 40 cm/sec and a rotational speed of 1. S rpm. Spinup rockets
will increase the satellite's rate to 30 rpm approximately 300 seconds after
release. The solid propellant perigee motor will be fired 45 minutes after
release. The empty motor case and its supporting structure will then be
dropped. The liquid propellant motors will supply the additional velocity
needed to put the spacecraft in elliptic transfer orbit. On reaching synchro-
nous orbit, the communications antenna will be deployed and operational
service will begin.

FIGURE 1-4. LAUNCH CONFIGURATION
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A summary estimate of the reliability of the space segment is given
in Table 1-3. The reliability of the launch and orbit insertion is included in
the estimates. The estimate uses an existing reliability estimate for the
LF.ASAT bus and the number and type of parts used in the payload. The
assumptions and model used are described in 4. 3, S-pace Vehicle Reliability.

The reliability shown is quite adequate to meet mission objectives,
particularly since the partial failures of case 4 will not seriously interfere
with these objectives. The scanning beams each have a total of 16 spots in
the uplink and 10 spots in the downlink so the loss of one spot from each of
the two areas can be tolerated. The reason for the lower reliability of the
CPS relative to the trunking service is the complexity of the beam forming
networks of the scanning beams.



The terrestrial segment of the 30/20 GHz flight experiment consists of
trunk terminals, CPS terminals, and a master control terminal (MCT). The
trunk terminals have 5 meter antennas and employ site diversity to improve
propagation reliability. The CPS stations are of two types: 1) small stations
which transmit at a 32 Mops burst rate and use a 3 meter antenna, and
2) large stations which transmit at 128 Mbps and use 5 meter antennas. All
terminals receive at 256 Mbps. The MCT consists of a trunk terminal and
a central control station which controls both the communication network and
the spacecraft operation. NASA will procure the MCT and a small CPS
terminal; experimenters will procure other terminals.

TABLc 1 .3. SPACE SEGMENT RELIABI'_ITY

Item 2 years 4 years

11 Complete communication capability 0.80 0.62
2)Complete trunk capability 0.94 0.81
3)Complete CPS capatility 0.81 0.65
41 Loss of no more than 1 of 4 trunk beams 0.92 0.79

and no more than 1 spot from each scan•
• ninq beam

1 -3



2. 30/20 GHz SYSTEM DEVELOPMENT PLAN

The 30/20 GHz system development plan ir, based heavily on
expe: ience with previous communication satellite systems produced by the
Hughes Aircraft Company. Since the spacecraft bus is almost identical to
that of the current LEASAT bus presently under development, its production
and subsec,uent system integration and test , ill have been well established.
A bonus derived from the use of the LEASAT bus is the elimination of an
intermediate upper stage and the attendant management, development, inter-
face, and cost tasks. The LEASAT has an integrated built-in perigee boost
capability that not only simplifies programmatic aspects, but optimizes
launch cost-effectiveness and enhances shuttle sharing flexibility.

The flight system pavloac is based on technology that is presently in
its embryonic stage. This implies that careful attention be given to these
new technology items to ensure a.minimum risk is imparted to the final
experimental 30/20 GHz flight system. Towards this objective, the payload
subsystem: antenna, digital, and microwave, although utilizing all possible
results from the technology efforts currently in prog pas, will be developed

j	 beginning with breadboards, breadboards, and engineeri,,g models. In the
case of the digital baseband processor, these addition:: ::_sks* plus the need
for a significant preprogram LSI development effort a.+l : ssult in a tight
critical program schedule.

The t-.rrestrial segment of the system presents no critical develop-
ment or schedule problems because of the lengthy time period determined by
the overall program schedule. Such key items as 30/20 GHz TWTAs and
receivers, and high data rate modems can be engineered and developed
within the allotted schedule. The complex total s y stem architecture that
primarily impacts the ground system software will be given special emphasis
early in the program to ensure that all system elements interact and per-
form proper?y and in a cost-effective manner.

The guidelines that apply to the 30/20 GHz program are li—d in
Table 2-1-

The development plan is based on Hughes making all components and
subs y stems other than the eartl station antennas. This «as done to uz,der-
stand the problems in detail and set the base for make or buy decisions. All
communication components will be subjected to make or buy decisions prior
to the execution phase.

2-1
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• One trunking diversity terminal, Cleveland
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2. 1 PROGRAM FLOW

The elements of the 30/20 GHz system along with their integration,
test, and final verification are illustrated on zhe program flow chart (see
Fi g ure 2-11. The multibeam antenna components, auxiliary antennas, and
structure: are integrated and range tested. This is done for the engineering
model, qualification model, and flight model. The qualification model is
refurbished and becomes the optional spare. After completing range tests,
the antenna subsystem is delivered to the spacecraft system integration and
test area.

The microwave components are completed and integrated with the
spacecraft despun shelf to produce the microwave subsystem. An engineer-
ing model, flight model, and optional spare subs ystem will be developed.
The microwave qualification units will be used as spares . for the flight and
optional programs.

Prior to delivery of the microwave subsystem to spacecraft s-, stem
integration and test, it is integrated with the digital components for ar., all-up
communications subsystem test. This key test also will include elements of
the terrestrial system and be performed in an end-to-end configuration to
ensure that all components of this complex subsystem perform together
properly. The qualification model digital components will be used as spares
for the flight and optional spare systems.

The remaining spacecraft bus subsystems: telemetry and command,
controls, power, propulsion, and spinning structure and harness, are
delivered along with the communications/antenna subsystems for all-up
integration and test. The bus will include a flight and optional spare system
plus a set of spare units. Spacecraft integration and testing will consist of a
complete buildup of the spacecraft, and ambient and environmental tests.
Emphasis during this phase is placed on end-to-end testing over the com-
plete range of environmental conditions.

The final phase of the program flow consists of prelaunch checkout,
integration with the Shuttle, and launch. During this final period, assembly
and checkout of the terrestrial system will proceed in parallel and a final
total systems readiness test will be performed to verify flight and ground
segment integrity.

Z. 2 MASTER PROGRAM SCHEDULE

The 30 _2 0 GHz Program Schedule, Figure 2-2, is bounded by a con-
tract go-ahead date of .-august 1 11 83 and a launch date of October 1 ,1 87, or till
months. The 15 months prior to launch Are allocate(I for system integration,
test, and launch operations, leaving 35 months for design, fabrication, and
test of all flight subsystems. Since the bus is a LE aSAT with minimum modi-
fication, it presents no schedule problems. The despun payload shelf gill
need modifications to relocate units, but there is ample time within the
schedule.

'l-3
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The antenna and microwave subsystems can be developed within the
schedule, but not without some concern and therefore risk. The antenna
schedule could be slipped a few months because it is not needed immediately
for system integration and test. The microwave (and digital) subsystem is
needed for the overall communication subsystem test t h at already has been
compressed, and therefore its schedule is iirm.

The digital subsystem is known to present schedule risks. To meet
the present schedule a preprogram effort must begin at least 15 months
before formal program go-ahead, May 1982. This period is necessary to
develop selected LSI components and define the baseband processor speci-
fications. Even with an advanced effort, the technology and attendant
problems result in the digital subsystem schedule being the high risk phase
of the overall 30/20 GHz program schedule.

The terrestrial system schedule is comfortable for development of
the terminals and master control station including a special phase needed to
produce the new 30 GHz TWTs.

Following delivery of the flight system items, the spare subsystems
for an optional system are produced. If the option is exercised by October
1987, the new system can be integrated and tested and be ready for a
November 1988 launch.

Also shown on the schedule are 90 days of mission operations sup-
port for each flight, and 24 months of support for mission, communications
and experiment operations following the October 1987 launch.

2.3 DETAILED DEVELOPMENT PLANS

2. 3. 1 Antenna Subsystem

The design and analysis of the reflector, subreflector, feeds,
frequency selective surface and support structures and the assembly layout
on the bus will start at program go-ahead and run continuously for at least
18 months (Figure 2-3). Pacing items will be the reflector and the support
structures. Long lead feed components are the semiconductor devices for
the receive LNAs and the transmit and receive circulator switches. Com-
munications antenna pattern analysis will be performed at commencement of
this task in order to optimally design the configuration geometry and feeds.

Specifications and drawings will be made as the subsystem design
proceeds. Final drawings will be completed after the qualification model
has successfully passed all unit qualification tests to prove the design.

As shown in the schedule, the fabrication and assembly of unit parts
for the engineering model (EM), qualification model (QM), and flight model
(FM) will be done in sequence. As parts of the EM are near fabrication
completion, parts of the FM will begin to be fabricated; as parts of the QM
approach their assembly stage the EM model assembly will be nearing com-
pletion, and so on.

2-5
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FIGURE 2-3. 30/20 GHZ ANTENNA SUBSYSTEM

Subsystem integration of the EM, QM, and FM, which consists of
mounting and aligning the major component assemblies, immediately follows
the completion of unit fabrication and assembly. This activity requires
about 2 months for each model owing to the accuracies involved and careful
handlin g of large assemblies. Range testing will take about 2 months for
each model and follows the integration task in sequence.

In summary the driving factors/task activities of the schedule are 	 j
the development (i.e.. design/analysis, specifications/drawings, and fabri-
cation) of the antenna support structures and reflectors, the phasing of sub-
system range tests (EM, QM, FM) and the delivery date of the FM. The
structures and main reflector are large, new and require a great amount of
effort, 25 months minimum, to develop the engineering model. The engineer-
ing model consequently is a pacing subsystem among the three to be built.
Proper phasing of component development with subsystem range testing from
the engineering model through the FM is critical to meet its delivery due
date. The antenna development plan has the benefit of experience derived
from the present operational SBS and planned Intelsat VI programs.

2. 3. 2 30/20 GHz Baseband Processor

The development phases for the baseband processor are like those
for most digital communications equipment, with some specific variations.
These variations include a 12 to 15 month advanced development phase and a
3 month predevelopment phase (Figure 2-4).
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The advanced development phase is implemented to be sure that key
gate array LSI rievices are developed and available on time for the program,
that the demodulators provide the necessary performance, and that sufficient
definition of the requirements for the digital routing controller are provided.
Of these efforts, the gate array development is seen as the critical path.
The plan for their development is as follows: 1) definition of units which use
gate arrays followed by gate array interf-..:e and architectural definition —
3 months, 2) logic design, breadboarding and checkout to verify logic (bread-
board device types need not be the same as for gate array for this activity) —
2. 5 months: gate array interconnect design and fabrication/assembly of
proof-of-design array devices — 4 months; device evaluation — 1 murth:
followed by writing of unit specifications — 1- 1/2 months. This 12 month
effort is success oriented and may extend to 15 months. On-going IR&D,
which is compatible with the needs of the advanced development phase
include 1) the development of a gate- array- implemented convolutional
decoder, and 2) the design and processing of a SOS-CMOS monolithic gate
array chip.

The predevelopment phase exists to accommodate a baseband processor
delivery schedule for the development program which is 3 months short. It
is, in essence, a request for a longer development program schedule. During
this period, the initial phase of circuit design occurs, bringing us to the
point of initiating breadboard fabrication.

The development program proceeds with the remaining circuit devel-
opment and related breadboarding. A preliminary circuit release (PCR)
occurs at the end of month 3, which permits the start of product design and
the ordering of long lead parts. Breadboarding is scheduled for completion
at the end of month 9, at which time a final circuit release (FCR) occurs.
This permits completion of product design drawings and ordering of 100 per-
cent of parts as shown. Specifically, fabrication drawings will be complete
at the end of month 12, permitting PCB fabrication to be completed 1 month
later, followed by PCB FACT testing. The PCBs and units are then assembled
and checked out as shown. Test equipment is designed, built and tested fol-
lowing FCR and in time for the engineering model checkout phase. In parallel
with test equipment development, the detailed test specifications (TS) and
test procedures (TP) are developed. The remaining units for qualification
model, flight and spare are fabricated, assembled and checked out on
sl-hedules similar to the engineering model, with qualification testing (quali-
fication model checkout) taking more time than the other deliverables.

Z. 3. 3 Microwave Subsystem

The microwave subsystem program schedule is shown in Figure 2-5.
The schedule shown is an overall schedule including all units of the subs
tem, therefore considerable overlap of sequential activities does appear on
the schedule.
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I
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SPARE FLIGHT SET FAB/ASSY/TEST
i

FLIGHT SHELF INTEGRATION A TEST

SPARESHELF INTEGRATION A TEST 	 4IIIB^BBB^

FIGURE 2 .5. MICROWAVE SUBSYSTEM SUMMARY SCHEDULE

The schedule in genera: is not considered tight, however, certain
high technology items such as the low noise amplifiers and the solid state
power amplifiers are potential developmental risks.

The risk in meeting the schedule for the low noise amplifiers is in
obtaining low noise devices which will meet the design requirements and
qualifying these parts for flight use. The same problem exists for the solid
state power amplifier where high power GaAs FET devices must be qualified
for flight use. The assumption has been made that existing technology devel-
opment contracts will provide devices, but that these devices must be quali-
fied for flight use during the time span of the demonstration program
contract.

In general, all flight quality parts must be available no later than
24 months after program start and most of the parts should be received by
20 months after program go-ahead in order to meet flight delivery schedules.

The flight shelf integration and test task includes not only integration
and test of the microwave subsystem components but also includes integra-
tion and test of the digital units which are mounted on the flight shelf.

2. 3. 4 Spacecraft d us

All spacecraft bus subsystems are based on those that have been
designed, developed, and qualification tested for the LEASAT or other flight
proven programs (SBS and GOES). The subsystems, for the most part, need
only be assembled and flight acceptance tested. The telemetry and command
subsystem format PROM changes can be implemented without affecting the
unit design integrity. The substitution of the S band transponder from the

k



GOES program for the X band units, and removal of the encryption/
decryption equipment results in minor modification to units and does not
warrant requalification.

The antenna positioning electronics (APE) is identical to that on
board the operational SBS spacecraft, and the minimal interfacing with the
attitude control electronics will eliminate any attitude control subsystem
requalification.	 -,

The despun shelf will retain its basic design features, but will need	
.,

new unit bolt holes and attachment provisions. Since the shelf has been	 .
designed to accommodate approximately 200 pounds more than the present
payload weight, requalification or any special tests are not required. Also
the thermal design being similar to that of the LEASAT system can be ade-
quately tested during the shelf thermal vacuum test, and therefore requires
no special thermal model or qualification tests.

The despun harness will be new and undergo the nominal harness
design, fabrication, test, and bakeout operations. The planned system level
tests will verify its flight worthiness.

2. 3.5 System Integration and Test

The manufacturing and test sequence requires a complex system
involving many contributing groups of people responsible for different tasks
which must be integrated. The Hughes Space and Communications Group has
been developing and improving such a production system for 16 years and is
in an excellent position to meet the objectives of the program. This time
period has been spent in developing systems and procedures specifically
applicable to the design, development, fabrication, and test of communica-
tion spacecraft. The effort has produ.-ed one of the most complete and
disciplined families of process specifications (Hughes Process Specifications —
HPs) in the industry. These process specifications establish and maintain the
manufacturing standards required for spacecraft sub system fabrication.

Another result of Hughes' experience in the spacecraft field is the
accumulation of test and manufacturing equiprr.^ent that has been developed,
improved, and utilized continually on the varickis programs. Tools and fix-
tures for thrust tube assembly, substrate fabrication, solar cell bonding,
shelf lad up, sun sensor alignments, digital unit production, electronic
assembly, and reaction control subsystem assembly constitute a few examples
of the equipment Hughes has at its disposal for the 30/20 GHz Program.

Figure 2-6 indicates the nature of the manufacturing and test sequence,
beginning at the point where major components are introduced in assembly
and subsystem integration. The assembly process is verified through a series
of subsystem level tests. Subsystems are subsequently delivered for space-
craft integration. The assembled spacecraft is then available to begin system
level testing.
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1) Preintegration tests, including spinning section tests,
tests, and despun shelf thermal-vacuum (DSTV) tests

2) Initial spacecraft integration tests (ISIT)

3) Acoustic and pyroshock

4) Spacecraft thermal-vacuum (SCTV)

5) Final integration spacecraft tests (FIST)

6) Launch operations

7) In-orbit tests (before going into operation)

Fc ^-^ 	 Paz SV,rix

System level testing for the program includes seven major F
illustrated in Figure 2- 77 (LEASAT example).

Spacecraft despun units will be installed on the despun platform for
extensive hardline ambient testing. In parallel, antenna development and
range tests will begin, as will the buildu p of the spun section. Upon comple-
tion of the ambient despun shelf tests, the shelf will be moved to the thermal-
vacuum (TV) chamber, where hardline TV tests will be performed. Tests
will be performed under thermal extremes of ho" and cold to verify perfor-
mance. Following DSTV tests, the despun shelf, spinning section, and
antenna farm will be integrated for initial spacecraft integration testing (ISIT).
Here, anechoic chamber tests for passive IMs will be performed. After ISIT
testing, the spacecraft will go through a sequence of acoustic, pyro-shock,
and spacecraft thermal - vacuum environmental tests to ensure performance
margin during and after exposure to these environments. Final integration
systems tests (FIST) will verify spacecraft performance before the space-
craft is shipped to the Eastern Test Range for launch.

2. 3. 6 Terrestrial Segment

Most of the terrestrial segment equipment can be devt loped com-
fortably within the 30/20 GHz program schedule and need not begin immedi-
ately at program go-ahead (see Figure 2-R). The exceptions are the follow-
ing hardware items that require special technology development to begin at
the start of the program..

1) Antenna Feed. Hughes Fullerton has built a 40/20 GHz feed
which would be scaled down to meet NASA's 30/20 GHz requirement. In !his
connection the major concern is the orthomode transducer which will require
special attention to the receive port i mpedance match, considering the rela-
tively wide bandwidth involved. To be conservative, a development phase is
incluaed in the procurement of the feed whereby this concern may be
realistically dealt with.
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2) High Power Amplifier. The 123 % att TNVT required for the
trunking sites will be developedfrom an existing design, Hughes Model 914H.	 ;.
Based on this design plus preprogram technology development effort, a new
TWT that satisfies 30/20 GHz program specifications will be produced within
the 18 month schedule.

The 20 watt TWT required for the CPS stations will be developed from 	 -
an existing 30 watt 28 GHz model, Hughes 950H. The redesign necessary for
the higher frequency operation and new tooling will be available within the
18 month time period.

3) Upconverter/Downconverter. Hughes is one of the very few	 {
aerospace companies that have develo—p-e-2 and fabricated these units in the
frequency range of interest. Up and downconverters built by the Hughes	 _.
GroLi.nd Systems Group are delivered and operating in the 20 to 40 GHz range.
These units could be adapted to meet the 30/20 G'-Iz requirement. Some
adaptation development effort nonetheless will be allocated to resolve any
unexpected isolation, intermod, spur problems, or other problems presented
in the requirements of the unit themselves,	 e. , filters, amplifiers, isola-
tors, mixers, attenuators, etc.

The standard or off-the-shelf items can all be procured ; n a reasonable
period of time. All earth station equipment including the special microwa:•e
interconnecting hardware for diversity will be acceptance tested at the fac-
tory and shipped to operational sites for integration and field acceptance test-
ing. Special emphasis will be given to the interfaces to ensure full compati-
bility with the earth station dL_a processing equipment. Specific equipment
will be made available to the spacecraft pa;-load subsystem and system level
testing to ensure satisfactory end-to-end performance.

The software will be based on that available from the LEASAT system
and supplemented to fulfill 30/20 GHz communication and experiment ne :is.
A large part of the software will be developed early in the program to sup-
port spacecraft system level testing. The same software will be used for
on-orbit operations thereby minimizing costs.

The RF and baseboard experience gained from the SBS and TDRS
programs plus the s)r stem architectural, demand assignment, and mission
operations expertise derived from the Palapa, GMS, and LEASAT programs
will be applied to the 30/20 GHz program.

2.4 WORK BREAKDOWN STRLCTURE

The 30/20 GHz Program work breakdown structure (WBS) to level III
is shown on Figure 2- 1). The first three items on level II relate to the over-
all program direction, control, performance, and system quality; program
management, systems engineering, and product etfertiveness. Program
management and product effectiveness include not oily the typical tasks as
listed on Tables 2-2 and 2-3, but an additional program level technology
consultant task under program management, and system safety iSTS).
radiation design, new technology, and enhanced subcontract rr,onitorirg under
product effectiveness.
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TABLE 2 .2. PROGRAM MANAGEMENT

• Managers

• Technology consultants

• Cost/schedule control

• Configuration management
• Data management
• Parts management
• Subcontracts
• Manufacturing

TABLE 2.3. PRODUCT EFFECTIVENESS TASKS

• PA' and reliability management
a Reliability analysis and engineering
• Quality assurance management

• Quality control

• Components and materials
• Component radiation characterization
• System safety

'Product Assurance

The system engineering tasks include the flight and ground system
elements encompassing the spacecraft bus, payload, Shuttle interface,
ground terminals, master control station, and total system architecture and
design. The tasks have been selected to ensure that the system is approached
from the "top-down" to generate a complete specification and a system that
satisfies program key objectives. Table 2-4 lists the system engineering

.-	 work breakdown structure (WBS).

The remaining four level II items; spacecraft subsystems,
communication payload, spacecraft system integration, and test and
terrestrial system are subdivided in a conventional manner. The detailed
level III, and below, WBS is presented in the following section.

2.5 ROM COST DATA

The 30/20 GHz program ROM costs (1981 $M) based on the previously
presented development plan are summarized in Table 2-5. These costs are
shown spread over the fiscal years and include G and A and fee. The subsys-
tems cost fot an optional spacecraft are included, but the system integration
and tests costs are not included. Shuttle launch costs are not shown.
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TABLE 2 .4. SYSTEM ENGINEERING WBS

a Managers
e Communications system engineers

e Manager
e RF/link
e Digital
e Architecture /software
e Antenna
e Communications operations

a Spacecraft bus engineers
e Manager
e Telemetry
e Controls
e Power
a Harness
e EMC

e System engineers
e System specification
e Integrated test plan
e Launch vehicle integration
e Mission operations
e Experiment operations
a Orbital dynamics
e Other

e Mission support

The program management tasks, listed in Table 2-6, represent those
efforts needed to direct and control the overall program. The cost for this
task is 8 percent of the total subsystem costs based on recent comparable
programs.

Table 2-7 lists the system engineering tasks and associated man-
months for each. The communications system engineering tasks encompass
both the spacecraft payload and ground system. The objective is to apply
system engineering to the total communications subsystem in an end-to-end
manner. The system engineering costs are approximately 6 percent of the
total subsystem costs which is consistent with this cost on comparable
programs.

.e
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TABLE 2 .5. COST SUMMARY, 1981 SM

FY83 r (84 FY85 FY86 FY87 FY88 FY89 Total

Program management (8%) 0.5 3 3 3 3 - - 12
Systems engineering 0.4 2.2 2.2 2.2 2.2 0.3 0.3 9.8
Product effectiveness (10%) 0.6 4.3 4 4.4 1.3 - - 14.6

System integration and test' - - 2 8 5.7 - - 15.7
Flight systems 6 42 37 25.7 2.4 - - 113.1

Ground terminals 0.1 0.9 1 5.5 3.2 - - 10.7
Master control station - - 0.4 5.1 1.6 - - 7.1

Operations, maintenance - - - - - 0.9 0.9 1.8
and support

Subtotal 7.6 57.9 55.1 53.9 19.4 1.3 1.3 185

G&A (12%) 0.9 7 6.6 6.5 2.3 0.2 0.2 22.2

Fee (15%) 1.3 9.7 9.3 9.1 3.3 0.2 0.2 31.1

Total 9.8 69.6 66 69.5 25 1.7 1.7 238.3

TABLE 2-6. PROGRAM MANAGEMENT TASKS

• Managers
• Technology consultants
• Cost/schedule control
• Configuration management
• Data management
• Parts management
• Subcontracts
• Manufacturing
Based on recent programs such as Pioneer Venus, SBS,
and other commercial programs, Program Management
is limited to approximately 8% of the subsystem costs.

The product effectiveness tasks listed in Tabie 2-8 are estimated to
cost 10 percent of the total subsystem costs. Previous programs have only
cost b percent, but the additional costs associated with Shuttle sifety, elec-
tronic radiation hardening, new technology, and system complexity result in
an additional -i percent for a total of 10 percent.

The subsystem referred to above includeQ system integration and test,
flight system, ground terminals, and master c,.;:;trol station. The system
integration and test includes spacecraft integration and test, launch opera-
tion, and $1, 11N1 for ground segment preflight simulations and tests. The
spacecraft integration and test, and launch operations cost estimates are
derived for the LEASAT costs. The ground segment ..<;sts art , baser; on
G MS, P alapa, LEASAT, and SBS experience.

'Integration and testing of major systems including masts control station s.mulations, GSFC sImulat!ons
and launch base support - $1.1 M.



TABLE 2 .7. SYSTEM ENGINEERING TASKS

Tasks Man-Months

•	 Managers ((1 man x 50 ms) + (0.5 x 50)) 75
e	 Communications system engineers

•	 Manager (1 x 50) 50
•	 RF/link 0 x 50) 50
•	 Digital (2 x 50) 100
•	 Architecture/software (3 x 50) 150
•	 Antenna (1 x 50) 50
•	 Communications operations (1 x 50) 50

450
• Spacecraft bus engineers

e Manager .1 x 50) 50
e Telemetry/command (1 x 50) 50
• Controls (1 x 50) 50
• Power (1 x 50) 50
• Harness (0.5 x 50) 25
• EMC (0.5 x 50) 25

250
• System engineers

e System specification (0.5 x 50)	 25
• Integrated test plan (0.5 x 50)	 25
• Launch vehicle integration (0.5 x 50) 	 25
• Mission operations (1 x 50)	 50
• Experiment operations (1 x 50) 	 50
e Orbital dynamics (2 x 50)	 100
• Other (2 x 50)	 100

375
• Mission support (6 x 24)	 144

Total	 1294

1294 x S8.2K/MMO - $10.6M
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The flight systems costs include the communications payload and
spacecraft bus (including perigee kick motor)* costs. Tables 2-9, 2-10,
2-11, and 2-12 give detailed subsystem costs plus appropriate contingencies
for these flight system elements. These tables also list costs for the asso-
ciated engineering, qualification, and flight models, and spare and test equip-
ment. The digital subsystem costs do not include a preprogram go-ahead
LSI development cost of approximately $2.5M.

Table 2-13 is a flight system cost summary that includes system
assembly, integration, and test, and the related product assurance costs.
The additional costs for the optional second flight are noted.

TABLE 2.8. PRODUCT EFFECTIVENESS TASKS

• PA and reliability management
• Reliability analysis and engineering
• Quality assurance management
• Quality control
• Components and materials
• Component radiation characterization
• System safety
Based on recent programs such as GOES, GMS, and
Pioneer Venus, Product Assurance is limited to
approximately 6% of the subsystem costs. Since
future requirements will place emphasis on the fol-
lowing items, a limit of 10% is appropriate:

Safety	 a 1 %
Radiation	 - 1%
New technology	 1%
System complexity - 1%

• 6% + 4% - 10%

TABLE 2 .9. SPACECRAFT BUS COSTS', 1981 $M

Task
Engineering

Model
Test

Equipment I
Qua
Model

 Flight
Model Spare Total

Management - - 0.061 1 0.382 0.362 0.825

Engineering - - 2.617 3.587 0.751 6.955

Structure - - 1.383 1.383 1.387 4.153

Power - - - 4.542 4,542 9.084

Propulsion - - - 4.312 4.312 8.624

Attitude control - - - 1.554 1.554 3.108

Telemetry and Command - - - 2.361 2.361 4.722

Totals - - 4.061 18.121 15.281 37.4

'Includes 5% contingency.

° :., Integrated PKM replaces SSUS-A upper stage.
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TABLE 2. 10. ANTENNA COSTS', 1981 SM

cask
Engineering

Model
Test

Equipment
Qua 

Model
Flight
Model Spare Total

Management 0.665 0.180 0.336 0.269 QM 1.450

Engineering 0.919 1.560 0.464 0.372 QM 3.315

Reflector 1.908 0.216 1.008 0.720 QM 3.852

Subreflector 0.984 0.060 0.439 0.276 QM 1.759

Frequency select surface 0.792 0.012 0.389 0.192 QM 1.385

20 GHz feed 0.834 0.120 0.288 0.174 QM 1.416

30 GHz feed 0.828 - 0.317 0.216 QM 1.361

30 GHz track circuit 0.624 - 0.331 0.192 QM 1.147

T&C Omni antenna - - 0.022 0.019 QM 0.040

Beacon antenna - - 0.209 0.174 QM 0.383

Support structures 1.218 0.084 0.389 0.324 QM 2.015

Thermal protection 0.144 - 0.086 0.072 QM 0.302

Totals 8.916 2.232 4.279 2.999 - 18.4

'Includes 20% contingency

TABLE 2-11. MICROWAVE COSTS', 1981 SM

Engineering
Task	 Model

Test
Equipment

Qual
Model

Flight
Model Spare Total

Management	 1.038 0.043 0.348 0.902 0.896 3.227

Engineering	 6.306 0.683 0.124 0.434 0.434 7.981

Fregi.ency source	 0.220 - 0.140 0.282 0.282 0.929

Monopulse electronics	 0.243 - 0.139 0.156 0.156 0.694

TW i power supply	 0.228 - 0.151 0.760 0.633 1.77

Variable power divider 	 0.312 - (	 0.127 0.104 0.104 0.647

Low noise amplifiers	 0.119 - 0.042 0.556 0.556 1.273

Receivers	 0.603 - 0.343 1.857 1.857 4.660

IF switch matrix	 0.438 - 0.288 0.258 0.258 1.242

Upconverters	 0.330 - 0.196 1.043 1.043 2.61

TWT	 0.628 - 0.154 0.745 0.621 2.148

Solid state Pwr. amplifiers 	 1.025 - 1,407 2.708 2.708 7.845

Switch monitors,	 0.930 - 0.31C 0.992 0.992 3.224
and filters

Totals	 12.42 0.726 I	 3.7671 10.797 10.54 138.2

icludes 20%, contingency.
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TABLE 2-12. DIGITAL COSTS', 1981 SM

Task
Engineering

Model
Test

Equipment
Qual

Model
Flight
Model Spare Total

Management 0.154 0.052 0.103 0.103 0.103 0.515

Engineering 6.617 1.310 0.171 0.171 0.171 8.440

Data Processor No. 1 0.152 0.001 0.044 0.033 0.028 0.258

Data Processor No. 2 0.022 0.001 0.016 0.011 0.041 0.091

Decoder 0.036 0.024 0.033 0.056 0.031 0.180

Store and forward 0.915 0.056 0.747 1.044 0.871 3.633

Encoder and output mux 0.007 0.001 0.006 0.003 0.004 0.021

Digital routing Cont. 0.138 0.010 0.087 0.140 0.130 0.505

Scan beam Cont. 0.075 0.007 0.047 0.205 0.185 0.519

IF downconverter 0.056 0.004 0.036 0.089 0.087 0.272

IF switch cont. 0.066 0.001 0.042 0.072 0.067 0.241

Inter. unit 0.105 0.006 0.080 0.098 0.098 0.387

32 Mbps demod. 0.259 0.006 0.147 0.609 0.775 1.796

IF routing switch 0.034 0.002 0.024 0.043 0.043 0.146

128 Mbps demodulator 0.308 0.007 0.151 0.382 0.470 1.318

256 Mbps mod. and upcn.1 0.055 0.004 0.037 0.072 0.068 0.236

Power supply 0.074 0.010 0.054 0.083 0.079 0.3

Total

I	
9.073 1.502 1.825 1	 3.214	 1 3.251 1 18.9

'Includes 20% contingency.

TABLE 2 . 13. FLIGHT SYSTEM COSTS, 1981 SM

Item
Engineering

Model
Test

Equipment
Qual

Model
Flight
Model Spare Total

Communications payload 30.4 4.5 9.9 17 13.8 75.6
Spacecraft bus - - 4.1 18.1 15.3 37.4

Assembly, integration, - - - 14.6 7.2' 21.8'
and test

Product assurance 3.7 0.5 1.5 5.2 3.9' 14.8'

Total 34.1 5 15.5 54.9 40.2' 149.7'

i included.

15



TABLE 2 . 14. GROUND TERMINAL COSTS', 1981 SM

Terminals Development First Unit Total

Trunking

Management 0.332 0.332 0.664

Systems engineering 0.457 0.154 0.611

RF subsystem 1.893 0.919 2.812

Baseband processor and control 0.080 2.928 3.008

Link subsystem - 0 539 0.539

Logistics/travel - 0.040 0.040

Integration and test - 0.053 0.053

Product assurance - 0.013 0.013

Spa-es - 0.367 0.367

Total 2.762 5.346 8.107

CPS

Management 0.166 0.166 0.332

Systems engineering 0.204 0.077 0.281

RF subsystem - 0.447 0.447

Baseband processor and control - 0.952 0.952

Logistics/travel - 0.040 0.040

Vehicle 0.052 0.112 0.164

Integration and test - 0.027 0.027

Product assurance - 0.013 0.013

Spares - 0.367 0.367
Total 0.422 2.201 2.623

'Includes 10% contingency.

..	 c

ss

at

TABLE 2. 15. CENTRAL CONTROL STATION', 1981 SM

Management 0.700

Systems engineering 0.638

Communication control subsystem 1.397

Interface units 0.485

Software 2.110

TT&C subsystem 0.698

Integration and test 0.053

Product assurance 0.013

Test equipment 0.614

Spares 0.367

Logistics/trawl 0.040

Total 7.1

Option - site preparation and construction 0.3M

'Includes 15% contingency.
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Table 2-14 lists the cost breakdown for the trunking and CPS
terminals. Shown are the development and first unit costs including a 10
percent contingency. The special TWTA development costs are contained
in the trunking terminal RF subsystem line item.

Table 2-15 gives the cost breakdown for the central control station.
The cost of all roftware necessary to support the mission operations, com-
munications operations, and basic experiment operations has been included.
Optional site preparation and construction would cost $0. 3M. All values
include 15 percent contingency.

The launch, transfer orbit, orbit and maintenance operations plus
10 percent contingency are given in Table 2-16. These costs relate to
ground segment tasks only [not flight system preparation at Eastern Test
Range (ETR) [.

Tables 2-1 7, and 2-18 give recurring costs for a large buy (Z0) of
trunking and CPS terminals. Three and five meter diameter antenna dish
configurations are presented. The .ems not included in these costs are
noted.

TABLE 2 . 16. OPERATIONS, MAINTENANCE. AND
SUPPORT',1981 SM

Operations	 I	 Costs

Launch 0.132
Simulations 0.026
Operations 0.106

Transfer orbit 0.536
Simulations 0.322
Operations 0.215

Orbit 1.072
Simulations 0.429
Housekeeping 0.215
Experiment 0.429

Maintenance 1.072
Master control station 0.429
Trunking terminals I	 0.429
CPS terminals 0.215

Total , 7813

'Includes 106 contingency.

r
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TABLE 2 . 17. CPS RECURRING COSTS', 1901 SM
(QUANTITY 201

3M 5M

Antenna 0.003 0,027
reed 0.037
High Dower amplifier (20 W) 0.030
Low noise amplifier 0.011
Up/downconverter 0.017
Frequency synthesizer 0.017
Frequency standard 0.017
MUXiDEMUX (32 Mbps to 128 Mbps) 0.044 0.089
Modem 0.400
Test loop translator 0.022
D/L processor 0.022
M icr op►ocessor 0.011

Tots l 0.630 0.699

"Does not include management, engineering, product effectiveness,
vehicle, contingency G&A, or fee.

TABLE 2. 18. TRUNKING RECURRING
COSTS', 1981 SM
(QUANTITY 20)

Antenna (5M) 0.055
Feed 0.074

High power amplifier (200 W) 0.324
Low noise amplifier 0.022
Up/downconverter 0.033
Frequency synthesizer 0.017
Frequency standard 0.017
ML'X/DEMUX 0.157
Modem 0.800
Test ioop translator 0.068
D/L processor 0.022
Micr 3proc essor 0.011
U/L processor 0.022
Baseband processor 0.02"

j	 Link subsystem 0.491,
Total 2.134

Does not include management, engineering
Pr oduct effectiveness, G&A, or fee.

is
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I. INTRODUCTION

Progress has been ;iccompI isIit-,I in al i ul tIi, pi, nos(-d iireas

as listed hider the Scope of Work. I hibit n, Controct N.1S8-33448.

in accordance with the conl r:ict s "Roport Reo,i i i i'me nt s" -section

which states "quarterl y reports, shall he in narrative form, and

brief and informal in content", the following ,, resear4 l i ;iroas of

emphasis will be addressed; mu i	:,wel metal techniques, metal

lift-off tochniques, dry processing equi pment evaluation. and

future trends in VLSI fabrication tcchuiyues.

C





z

IT. MGLTT-LEVEL. ME I'AL TEL'HN 1 t1UF

IlevelopmentaI stucli,-s : n Iho rive of I , olyinlld, m:jtur ial:, ns a

dielectric for multi-level mt•t a l I ,t , t esses have been ttndertake•n

this second quarter of the tontracL period. We presently have in

house polvimi,lc materials from tilt • following romiulnios:	 Dupont.

Hitachi, .Ind Electroscience. Attempt(; were• made Lo ,iorquire polyi-

mlde from the (,.A.1', company, h„w, c•r they no longer market this

prothlct, haviap sold the product ant( all patent rights to tht-

Shipley (photort •sist) Companv. C.A.1'.'s p,l y imid, was parrirnlarly

nt t ravtive in that once applied mid dc • veloried It hehavt•, joist I i ke a

ph,tturesist, i-ithout ret;uiring a mn-l:i , lg mt ,tiium for patterning.

Authorities at the G.A.F. Company lntliratr-d I_hat Shipley wi l l

probobly hr m.lrket ing their polyimidt version in t lit next few

noon I bs .

11xl,eriniv Ital Audier, have been onde'rtakt•n with Dupont. I'i-2550

polvimide, ttsing the MSPC photorc-itsl test p:Ittern. 	 Using Shipley's

AZ1350J oodl ive pllolt rt • ; isl , Ih!!; 11 1vimi,le . • .In I:,• 11:11tt•11led (town

to 0. 1 
in  

1 1 i ic •s without. di 1 - f lcu I ty.	 Fxpt • r im, rtt^. are now underway

to utilize Lill-, materi•11 -is n dieelectrit , in dvuhl y laver metal test

pr'or,•,lurcr;.

The besr results thn., far using P1-2550 have been obtained

using the fol lowinl; procedure :

1.	 Wafer preparntiou I 3i:I H so,e ; IINO 39 10 min.; rinse;

111; I I1 9 1 1 : I{I', 1() rnIn. ; r lose; hake over night m 100%)

`iix 1•,,1 , inlitle WI	 "150 .1rid 1 Ili nn,-r '1- 51(1 .1; mixt • tl Lo approxi-

PI(ItVIV L W ' AM vist 11811 y a-, Wavc tlaL-1 lit : ..it- lve pht,toresi.st)

ORIGINAL PAGE 1S
OF POOR QUALM





ORIGINAL PAGE is
	

3

OF POORQUALITY

3. Spin .m waf ► . r at 7004 rpm for 2(1 sc•con-Is

4. Prebake at 50°C for 15 m i nnte s., then 80°C for 15 minutes

5. Apply photurestst for patterning polylmidu, u,;Ing

tihiI)Iey A,1 350.1 posit ive resist all 	 it-d it 	 11;'t0 r. p.ni.

I or 20 r;vcrrnd!,

6. Bakc I • hotor. , i st 311 annuli • 	at 80"C.

7. Expose composit.i• for 7 suronds : ► t 24 in /vr,	1 fight

i nt r ns i t v Onorrcu v

S. nevc,lop ill 	 No. 351 developer: Il,,n and rink (polyimide

deve lops al the same t into as the photores ist)

r ► . Rinse in acetone to remove photorositit

1 1 1. Cure poIY fin ide at vIuvatod t oinperat tire (not to exceed 500°C)

for two hours.

A separato diffusion furnace 03111) is presently being, set up

for curing po'vimidc under controller) ambient rind for the prevention

of conlnrtitt.tt ion of our s  I iron diffusion furnace~.

I'm i 1 rotor.[ I v ( t wo w(^..l<s ago) , we on I v had pliotograph i v mask

which would allow gent • ration .,f the double layered metal lest

patt••rn using; negative photorr • ^Ist. W. • have :since received mask

from M.S.F.S. (thrutks to D. Routh and E. I.cntr) Which will allow

of posit ivc photo ry-41st.

This luatter we have continued to experience diIIicutty with

MSU's d.c. sput _er metal deprtsit Inn s ystem. The power supply was

roturned (ht c) in working condition, however the generation and

sustaining a nlasina for deposition hats hren difficult to maintain.

Hopefully t• l L; d if 1 iculty wi 1 I be over -coma ;0011.
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Recant 1lt cratnrc reporr ill!!-, ind lral r that platimh Ox ide

dielectrics aiv receiviug serious attention by reSeerchers cif

multil eve I metal I)rucesses.	 By depositing	 iIiron dfo^I dc through

the plasma  enhanced chemical vapor de•pos i t i ou of S i li d and N,t ► ,

films OF	 r dicicI'tr it' nroperl iess and rt-lalively rant depotiit iun

'	 r,itei-; can he real ized.	 I'her:	 ii sults will he tiurnmarizvd in the

f Inal rvpori .

Also, a haper present •(I I)v 'rexx; Instruments Semi(. induct or

Research and thwelopment l.ahorator y at the 1979 International

Electron Devices Meeting held in Washington D.C., December 3-5,

Indicated that nct , Dupont PI-2550 polvimidc vielded excellent

resnlrs as ;ill 	 dielectric.	 Sloped vies as small as 2

microns wt-re roportcd patterned in the douhi. , level inter-connect

structure using 2 micron Interlevel dielectric.
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III.	 FII: •I'AI. LIFT-ItF'F	 71.1'11"alt ►UI:

Co Iv;idcr•II^lc it: •u-uIII . I	 pork ha,: lit -4-11 midcrl.ekt • n rt lal ivc • to

the metal li!t-off technique. Experiments h•rve bcten performed

using both ogi+t ivc :n d hu:, i t Fve tyl)v phnlurut ist . 	 To date, hest

results lum . hot-11 nht:tim .-I t:ilh r( . l it ivel. Ihick ( 'mitrons) pwif-

t ive photore, , ist A7.13501.

At hesl , fo r r re.-m I t, have h+-en obta lned a ing th. (l. r. ftput-

te'rt-d me-t.-i1 tlt • { t t . i t ion pri-c t gat;.	 fhe rt r;on f ttr t b is F•• boil leve • el to

he the exc • ellcnl step coverapt- (pht+l-rt•sisl ii0v wall coverage)

obta ined us ing m lit it t cred tecl,n i - iw:,.	 Even with the tormation of

the hase miciocraek 11st • u y serd In the• last progress rep: rt, adequate

penetration t f ;hls microcrack I•%- photoresist dtwelopers has been

un sat isfavtoI .

A pl;m , I attack In opt, Imi. c metal I i I t-off of Sputtered

ilms ent • ol-porates an iuttl.11 (nvestigiitiun of opt lmizlnF lift-

off of the thermal evaptirat.-d de;uesited morals.	 'I'herm:il evaporated

of 1.-heal11 del'trt;ilPd f 1 lmr• alt • much eas(cr to lilt oi l 	 Ance they

arc typically characteriztrd hV 1 i +ul -4vil cnvcrage.

Before thermal + • vnvoratcd films could No !nvestigoted, our

arl;tnVI-:':'I It•	 I 'um{+ thcrn,:el t!v,cl+t+rnfur F;.t•m h.ld to he 1) Iced In

woo k.lble t ondit it•n.	 This s. stem had not bet2n a-4ed for sume folic

year's, and whi-n 1t was la!I v, d. Ior. Ca-4s,iw•av indicati•d difficulty

In oht.tinfnp c tactim+ chit- I., short ing prohicmc, in the fern punilI.

I'h i ti pump w.e	 , (IM111 c-t t • 1 V J I H.tMRem1+ i f--! a nd c l vaned by a ;. radn•e l e

student (1'hu i.unn t;) and uur tab tecimic(an (ilveky Hamilton) and

reassi-mblt • .I.	 the system is now working qu(tc ade- +ately.

im
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III. METAL LIFT-OFF TE!:HINlOIlli

Considcralliv ;,mount cif work ha y; hcctt undvrt akcn relative to

the metal lift-off technique. Experiments have been performed

using both egative and positive type phoLoresist. To date, best

retiults have hoen obtained with rclativciv thick (microns) posi-

tive photore.rsIst A1.I350J.

At bast, fair result`~ hav o c , hour obtained a-1ng th, d.c. sput-

tered metal (ioljjsitiozi pro(css.	 nci. reason for this k believed to

he the excellent step coverage (photores1st Yiev wall coverage)

obtained using sputtered	 P.ven with the formation of

the base microcraack discussed In than last progress repc:rt, adequate

penetration of this microcrack by phntorenist developers has been

unsatisfactory.

A plan of attack to optimize metal lift-off of spattered

I`llms incorporates an initial invtIstigation of optimizing lift-

off of the thermal evaporated deposited metals. Thermal evaporated

or 1:-heam delm, ittad films aarc much casier to IIft off since they

are t ypical ly ch:tracL erfzr,d b y i twi stol e coverage.

Before thermal ovaporated films could he investigated, our

VnrLin Vi-?21 Joi; Pump thermal evicporaator s ystrgn had to be placed in

workable condition. Thfs s y st pm had not been used for some four

years, and wlwti it was last u^•c.d. Dr. Cassnway indicated difficulty

in ohtainint" ; :.ccccunc duc t^ , slc{art ing prublem:^ in the iris pump.

This pump w.c::	 c,{ ittt• l	 di-;.isst . inh c ­f :ind cicrcritd by a gradtiate

student (NILl {.u: n t;) and our taab tCchtcfcian (Rocky Hamilton) and

S
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Vvr y gooA rosii It ,• i it 	 t • It.tvt• hoon ithta i nod rIN I ttt ,, t h, I In`rmal

evaporated wolitI !, . , ,;tum, etwerialIv when employIni • rci•ttiveIy

thick (2 mL • roiis) po-itt-ive rctitnt-s film. 	 Tit 	 IFoIIowing expt • rI -

m(onu~ are Sell •dUILA to he perfeirmed prl,tr too 	 hack to tht

slut tcred mctak:

l)	 genoiating a tsculuwich oil pot itive- photorivsists ;end

polvimide viii IF 	 tiopusit ing a laver of p t ►otori Si.,,l

Lht •n :r I.Iver of polvimidt- t .tn-1 lastly anor',ter laver

of pholuresint	 41t1 It:n(lern the ntilvimivlc).	 11 is

expcc• ted that developmcntt; of Lite photuretslst will

take place nt a f,tstor rate than the develowne!it of

the liol - intide t re• t;ul t ing fit 	 idt-rable unde r` • ul t in;;

Of lhr httltt^m 11110t,ov-Slett 	 Tavel.	 Thin sliould rt-suit

In ,wor sidewalI cnverago and honce routs 11ft-4iff

vropert it•^.

i)	 invc:;t Igatc .;encrat ltrtt of Sidc•w:ll l mt-Lal "crack-i" by

Lakhtp, advnntagc of flit` thermal o-cpanslon prop .--t t tes

of t Ite pht-t o rt`•;st.	 I'here art LIWO me-[hods of 1nvesti•-

9:tt Oil , 1 tilts 1110 Ic• 1p.lt t • tl phenomena.	 The f I rt.l	 i u

tivi tU:;11	 l ht • Ptt • 1.1 I .11 .tltl`t t", Imatul y t - ttttm I cmj ," t it tire and

then heaLinr, th wzt i c • r to In elevated ti-iperiture •each
I

that tltt, photo i-e`+i •:t P-,p: nds. teener tt inp. (rack-; at the

Idly .ells (the ueakt • tit ftolnt).	
.l,lit, 

phtttnre%itst developer

can Iliv!i I `nvtr:ILv thew cr.t` ks for vnsv metal lift-off.

1ho t,e • t or►ii (and more , di f f Icult) lnvolvt`4 depositing meLtl

on the w:iferr+ %,Alu thu w.tfer-i are ettoilrtl to it Icmperatury

0M QLI1►1dTY



in poor sidevall coverage and hence good lift-off

properties.

ii) inve.;tigatu
1.

 generation of sidewall metal "cracks" by

taking advantage of the thermal expansion propectie3

of tlic phuto resist. 'There are two methods of ittvesti--

g3Lifig thin anticipated pl en mrena. The first is to

vj ,(w; It lbo met ii it aliptoximatel y rtumn teMper -iture atki

then heating tho wider to an elevated temperi tare such

that the photo resist expands. generrIting cracks at the

sidewalls (the weakest point). The phatnrestat developer

can thvn ponetrate these cracks for eas y► tonal lift-off.

The second (and more difficult) involves depositing metal

on the wafers vMle the wafers are cooled to a tt erat=*
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well below roam temperntm •	 Av the wafer •, w,irm hark uP to roan

temperature (er above), th. phototeaint will expand, again resulting

W cr..t, • ked si,lewalls.

Two paper y w. to preueuted at the 19/9 Washinglon I.L.U.M. eon-

feren, •e on thu sub`erl cif metrfl lift-off.	 The mo ,it prr►ntising of

the two was pt a scoted by personnel f ri ►m the Comtra l Rest-arch Lah-

or.ttory of slit i, • Itt Lt d., lapan. which ehnnloyed P.I.Q. (I1ICachl

polyimide • ) as tit, • i it t-ot l I t.rr with a Melvl►.lenum maO and

react ive RF sputter et, • hiiip for patterning.



the two was presented by personnel from the Central Research Lab-

oratory of Hitachi Ltd., japan, which employed P.I.Q. (pitachl

polyimide) as the lilt-cuff laver with s Molybdenum *ask and

reactive RF Witter etching for patterning.
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11'. DRY PROCT:SSING P.i'l l'MI N I EVAI.I t A 11ON

I:I t ort v -rc com i nu i nit t- ciit w y v ntioor + of dry pi o4 cror. ini;

equipment in i1rder to rvinler evnInalive and cnmpnrntivo r.tudies of

this equipment. As the ivm1conduvtoi indtimi r% tends to move more

and more towa:dtt a tol.tll y dr y fahritation prove , 	tilt numhcr of

vendors III this aren incrva g ,-: rapidly.	 t anticlpatu Ili-it b y the

tcrmi-iat fon W this (-ontract, •gnipmvnt wi I i he un the no-ket which

wl I I havc ove14*0111c Most of t lit , imijor obrclrt-- Ic • cx i -cricnccd by f Irmt

generation equipment.	 Tnitial indic • arions are • that If M.S.i'.C.'s

kitrp,rated circuits laborator y is to sta y ahrea g t with Industry,

additionn1 dr y prores,ing egniIrnent wilI soon need to he procured.
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V. FUTURE THF41) IN %TS1 FANOrATION TECNNIQOES

As wu voter a ovw decado. a , n^.lclrral+l. mrmh^ r ur I,ri--., • ntat I

and pat . er ,; have been dellvrrod cw rc-latrd to rutur, • trend:v in micrn-

clectrotilee.	 Material Is heinit ( • ^)l lvctcd for prc•:•,.ntnt icm in t 1w

final report ielativv to milli broad g reat: ns lithnKr.iphy 1witif

emphasis on optical, v loc • tron ham, x-ray, (lirc•.•t- step-nn--wnfvr,

c t . 1 , proses es a: : rclatvcl to dry i va, pr.), , ,u + ax rc hit ed to

ral , rirati,,u tlrw I,rebiaure c.\'.t)., lilhlt i,rew;lm • oxido, plasma

enhanced rerdo m:tt.ri,1, ct,. ► ind the Iii,.

EL

b 1
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VI. M.S.U. MICROELECTRONICS RESEARCH LABORMORY

*	 'I'his past quarter considerable arwivit of effort has been

devoted to developing equipment and capabilities within the NIS'l T micro-

electronics laboratory. '"he loss of a faculty member (Dr. Wayne

Causey) has h,impered our start-up schedule on some key pieces of

equipment somewhat. f:oaever, progress has bee-1 made in the

foIIowing:

1) Complete rebuilding an-1 revamping of VI 221 ion pump

metal deposition system for thermal evaporation.

2) Completion of assembling E-heam v:lcuum system received

through industrial donation. (We are still missing two

E-beam power supnlies for this system).

3) Vacuum sv-;rem and source assembl y f-r the Kasper 100 K.(--.v.

ion implantation s ystem. Chamber redesign and final test

prop , ,lures are re(lu i reed before start-up.

:) Complete replumbing of Ras lines for monolithic room,

inrl;diug enI.tr;;in) , of };as rnl^inets to facilitate . I,"160

and	 P - 'i t:lnks.

i) Generator operation and replumbing completion for Unipak

VIII epitaxial reactor to be used fcr silicon nitride and

polysilicon deposition capabilities. Final testing and

start up vet to be completed.

6) p reliminary develonment of low-pressure C.V.D. machine;

(to he y h1l i 1 t i n--house) using quartz lamps as hc<a t ing source,

larg.- quartz epitaxial tube as cout;iimer ind graphite

snscept or as wafer holder.
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7)	 C-V Lest set ul+ +:f ith lint cl1u, 1	 t,-,-	 wa lLrs t

400 , C cycle.

i) uei,+nizeci	 wai.er res is 	 du+ • c	 uu-iei	 (i,ni i i.	 in- iu+use)	 i or

mrinitoring water resistance to 20 Flo, ohm - cm.

J) Instal hit ion	 ni react iv . - •;t-tnhher	 (i11(Ju5tri:i1	 coma-ion)

on :roof

!0) TnSl:+lI it ion of SPICE (nun-linear ,inu:lat.ion program) and

51'1'1:'"": (f:il,. l+rocc • 	 1-1W..I.1111) nu 1lnivc rtiit y rcnnl>uter.
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VII. PROPOSED WORK FOR NIOCT QUARITR

It is aw iripnted tlkit For next quarter, a cont inuation of

work indicated in this progress report will he undertaken. The

installation of the small diffusion furnace for airing polvimide

materials is .inticipated as well as the ordering of a new

ultrationir cloaner for use in metal lift-off processes. Possibly

a trip to the West Cons;t to it tend thc Sumiconductor Mirrolitho-

graphy V Seminar (to he held March 17-18) in addition to visiting

vendors of dry processing, equipment for purposes of .valuation.

(JRIGIIVAL uE 
IS

`1F PAR QUAITy

l;
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VIII. PROBLOi ARLAS

While progress is not movinK quite a y rapidly a!^ I lead Initially

projected, no major prohlcm areas lrt , forcnsted it thi ,, time.
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