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The first phase of this program required the design, fabrication and testing
of a total of 60 prototype bandpass, tapped delay line and pulse compression
SAW filters on both lithium niobate and 8T-quartz. The First Engineering
Phase (Phase 1) electrical testing demonstrated that the device designs generally
met the specifications imposed by the program. Deviations from specifica-
tion, which required additional test to optimize the levels of padding and/or
shunt resistance and capacitance, were resolved during the Second Engineer-
ing Phase (Phase II) for the PC-Q, PC-LN and TDL-200, Deviations from the
insertion loss specification occurred with the BP-LN and TDL-100 designs. In
the former case, a redesign excluding the program-specified multi-strip
coupler, was theoretically evaluated, In the latter case, as pointed out in the
Hughes proposal, a theoretical analysis precluded the possibility of a specifi-
cation accommodation. 1t was necessary to revise the specification for both
designs since the customer insisted on utilization of the multistrip coupler in
the BP-LN.

Testing of modified semiconductor pin packages during Phase 11 demonstrated
these to be suitable, cost-effective replacements for the machined chassis em-+
ployed for Phase I. A Quartz orientation problem was highlighted in Phase 1
and negotiated during Phase 11. The quartz vendor implemented an effective
screening procedure for the off-orientation problem. However, problems with
this vendor continued in the form of substrate surface defects. Other major
vield problems encountered during these portions of the program resulted
from the dicing and mask making operations. The Phase 1 and Phase U efforts
resulted in a finalized layout, electrical specifications and test procedure for
the Third Engineering Phase (Phase 111).,

Phase 111 involved fabrication of a lnrge{ quantity (sorfn.i of confirmatory
devices which were sampled at a high rate and subjected to rigorous life and
environmental testing, Phase 111 was successfully completed with delivery and
acceptance of the confirmatory samples. The device configuration is detailed
as it existed for Phase 1II along with assembly details, results and conclu-
sions from the Confirmatory Sample production run, (Phase i1y,

The Fourth Engineering Phase (Phase 1V) of the program was pilot line produc
tion effort of 160 each of the devices scheduled to be delivered, Solder sealing
was identified as a problem area during Phase IV for SAW devices in semi-
conductor pin packages. New solder seal scroening and procossing procedures
were investigated. In addition, alternative sealing approaches were evaluatoed,
These procedures, Tungsten Inert Gas (TIG) and projection and seam welding
were demonstrated to bo more compatible with SAW processing., They are es-
pecially suitable for high volume production, .__ __ .

Phase 1V pilot line production was completed with the delivery of approxi-
mately 150 of each of the device types. Some devices were shipped short due
to the inability to locate a second source for projection welding, and the ex-
tended lead time in reprocurement of packages capable of being sealed by
alternate procedures,
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Data from Phases I through IV are presented in the Technical and Operational
Volume of the Final Report. Pilot Line process flow and related documenta-
tion are presented in the Process Specification Volume of the Final Report.
All inspection positions, and quality control procedures for Phase IV are pre-
sented in the Quality Control Volume of the Final Report. Cost analysis and
labor distribution for all facets of the program are covered in a non-
ﬂistributable volume of the final report.

The program will include preparation of a General Report, which will consist
of an analysis of equipment and facilities required to produce SAW devices of
the type produced in the Pilot Run at a rate of 500 per month. In addition, an
Industry Demonstration was prepared which verbally and visually presented all
facets of the MMT program through the Pilot Run.
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PURPOSE

This report presents the results of the three year effort in satisfying the
requirements of a Manufacturing Methods and Technology Program devoted to
a representative range of surface acoustic wave (SAW) device designs.

The objective of this program was to establish a production capability for
the purpose of meeting estimated military needs for a period of two years after
the completion of the contract, and to establish a base and plans which may be
used to meet expanded requirements. The manufacturing method emphasized
the photolithographic fabrication of SAW devices that are reliable and reprodici-
ble at low cost.

Specific tasks included establishing and demonstrating a capability to manu-
facture the six SAW device designs on a pilot line basis using methods and proc-
esses suitable for a production rate of 150 devices per month for each type. In
addition, engineering analysis and planning remains to be accomplished for ex-
pansion of the manufacturing capability which could accommodate the production
of such devices at a rate of 500 each per month. This analysis and planning will
be delivered in the General Report.

The program was divided into four phases. The first (Phase I First Engi~
neering Sample) addressed the design, fabrication and analytical testing of six
prototype SAW devices that are representative of the major current and potential
application of the technology. While these device requirements did not represent
the state-of-the-art in an R & D sense, they were of such complexity as to re-
quire a serious design effort in each case.

The second phase (Phase 11 — Second Engineering Samples) was performed
to redesign those devices that failed the intended design specification. The net
result of this effort was to be functional electrical specification adherence,
based on a cost effective packaging commitment.

The third phase (Phase II — Confirmatory Samples) was to test and conform
to specification for both the electrical and environmental commitment of the
various devices. The final phase (Phase 1V — Pilot Run) was to test the repro-
ducibility of those predetermined electrical and environmental requirements in
a high volume (150 per month) production environment. A key result of this
phase was the establishment of meaningful manufacturing cost data on each de-
vice as well as a comparison of this data to the prior low volume efforts of the
earlier phases, These data will then be extrapolated to a production rate of
500 per month with assumptions regarding facilities and equipment in the
General Report,
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GLOSSARY
Surface Acoustic Wave
Bandpass Filter — ST Quartz Substrate

Bandpass Filter — Lithium Niobate Substrate

Tapped Delay Line Filter — 100 MHz — ST Quartz Substrate

Tapped Delay Line — 200 Mliz — ST Quartz Substrate
Pulse Compression Filter — ST Quartz Substrate

Pules Expansion Filter ~ ST Quartz Substrate

Pulse Compression Filter — Lithium Niobate Substrate

Pulse Expansion Filter — Lithium Niobate Substrate
Quartz orientation, ST cut (42° 45'), X propagating
Lithium Niobate orientation, Y cut Z propagating
Tungsten Inert Gas Welding

Multistrip Coupler

Electromechanical Coupling Constant

Center frequency

Bandwidth

Time Delay

Time Bandwidth Product

Voltage Standing Wave Ratio

Device Under Test

Insertion Loss

Sidelobe Suppression

Feedthrough Suppression

Spurious Suppression

Triple Transit Signal
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ENVIRONMENTAL TEST (PHASE I1I)
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Fullerton, California

4.0.0 CONFIRMATORY SAMPLE FABRICATION, ELECTRICAL AND
ENVIRONMENTAL TEST (PHASE IIT)

As mentioned in Volume III of the Final Report, Phase II of this
vrogram finalized the mechanical configuration of the six part types
designed for this contract. Standard hybrid packaging approaches were
utilized in the final design in order to meet the environmental requirements
of Phases I1l and IV. However, the new packaging format, along with
transducer and tuning network design tradeoffs, yielded electrical per-
formance which did not meet the original specification requirements.
(Appendix I, Volume II of the Final Report.) As a result, the specifica-
tion was renegotiated to reflect finalized values based on the redesign
(Appendix IX, Volume III of the Final Report). In addition, processing
approaches and equipment choices were finalized during Phase II in antici-
pation of the balanced pilot production line and production rates required
for Phase IV. The processes, and device mechanical/electrical require-
ments which were chosen for Phases 111 and IV have been detailed in
Volume I, and Appendix IX of Volume III of the Final Report.

Goals of Phase III of this program were: delivery of fifty specimens of
each part type to the finalized electrical and mechanical requirements men-
tioned above; subjection of these parts to the requirements for First Article
Inspection detailed in Paragraph 4.4, Appendix IX, Volume III of the Final
Report. It should be noted that hermeticity was required for Phase III
specimens per the requirements of paragraph 4.6.5, Appendix IX, Volume
II1 of the Final Report. This required solder sealing of devices, rather
than the tack soldering of lids to the header described for Phase II. Also,
although processes and equipment were finalized for Phases II and IV prior
to initiation of Phase 1], the final production line layout and pilot produc-
tion rate requirements were not totally in effect during Phase III.

This section will be divided into four segments. The first (Section 4.1.0)
will reiterate the design approach outlined in Volume III with additional com-
ments on package sealing. Section 4.2.0 will detail equipment utilized to
fabricate and test the Phase III devices. However, details of pilot line lay-
out, equipment cost and capacity, and facilities requirements will be dis-
cussed in the section on Pilot Line implementation and Pilot Production.
(Section 5.1.0.) The third section (Section 4. 3.0) will detail modifications
to the Sampling Plan, First Article Test Flow, and First Article test pro-
cedures. Section 4.3. 4 will consist of a presentation of First Article test
data. This will be followed by sections discussing failures (Section 4.5.0)
and conclusions from Phase II (Section 4.6.0).

4.1.0 DEVICE CONFIGURATION FOR PHASE III

As was mentioned in Volume IIl of the Final Report, Tekform 20221 and
20117 headers were chosen for the final phase packaging. Header layout
utilized was outlined in Volume IlI, and is reiterated in Figure 4.1-1.
These headers are designed to be either solder sealed using a hand solder-
ing iron or projection welded, depending on the lid configuration chosen
(See Figure 4.1-2). As can be seen, hermeticity depends upon good wet-
ting in the areas of the solder fillet. In order to promote wetting, both
lids and headers were ordered with tin plating which was subsequently
fused in the oil bath. Only the pins in the headers were gold plated. The
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impact of the tin plated headers on device layout and assembly are dis-
cussed in Section 3.2.6 of Volume I11 of the Final Report. Lids were only
tack soldered on the assembly bench for Phase Il to effect good grounding
of the lid to the header. However. for Phases Il and IV, packages were
subjected to a two hour vacuum bake at 125°C, transported directly into

a dry nitrogen box (moisture content of the dry box atmosphere was

20 ppm by volume, maximum), and sealed in the drybox using a hand
soldering iron (Ungar, 50 watt tip) with application of solid Sn 63 solder
(QQ-S8-571). No flux was used in the sealing operation.

4.2.0 TEST EQUIPMENT AND PROCESSING

As was mentioned previously, all processes and equipment were finalized
at the completion of Phase 1I. However, due to the low production rates
required for confirmatory sample fabrication and test, the pilot production
line layout was not finalized at this point in the program. Production line
layout ., capacity and cost will be detailed in the Section 5.1.0. Equipment
required to fabricate and inspect the devices for Phase III can be seen in
Table 4.2.1.

As was mentioned in Section 3.2.6, Volume 3 of the Final Report, the
electrical test fixture is extremely important with regard to feedthrough
for the designs fabricated on this program. The test fixture outlined in
Figure 4.2-1 was utilized for all electrical tests during Phasc I1I. It should
be noted that this test fixture precluded final electrical test of the devices
subjected to solderability testing per paragraph 3.8, Appendix IX, Volume
111 (Group II Testing). since the package pins would not insert into the SMA
connector barrels of the test fixture without damage.

Electrical test equipment utilized to perform acceptance testing of the
devices per drawing Number 1950512-800, Volume I of the Final Report is
listed in Table 4.2-2. Environmental test equipment required to perform
those tests in Group VI testing, Table IV, Appendix 1X, Volume Il1I, is
listed in the appendix on environmental test (Appendix XI).

4.3.0 FIRST ARTICLE INSPECTION

This section describes the confirmatory phase (Phase I1I) fabrication
and test flow, sampling plan, and test requirements and procedures. At
the conclusion of first article testing fifty each of the first article test
devices were delivered under Supplies Line Item OOO1AB of the contract
in fulfillment of the Confirmatory Phase of the contract. First article test
samples were construed to be deliverable with the cognizance of the cus-
tomer ., since no mention of deliverability was made in the contract.

4.3.1 Fabrication and Test Flow

Device fabrication and first article test flow can be seen in Table 4.3-1.
Processes utilized are those detailed in Volume I of the Final Report. and
equipment utilized was outlined in Section 4.2.0. Precap testing was
witnessed by the Quality organization, All wafers were subjected to the
first article inspection called out in Table IIT of Appendix IX. After pre- b
cap electrical test, parts passing test requirements were sent to the seal- 3
ing station and processed as outlined in Section 4.2.0. As can be seen “%
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TABLE 4.2-1. EQUIPMENT REQUIRED FOR DEVICE FABRICATION
HAC 1.D. No. i
Capital Equipment :
Laminar Flow Hood with Process Sink (1 ea) - !
*Veeco VE400 Vacuum System H187549 :
Veeco Thermocouple Gauges H187549 i
Airco Power Cabinet H339253 5
Airco CV-8 SMH 270-2M Controller H334727
CVC ulodel LC 031 Hi-Voltage Power Supply H103753-1
Imficon XMS-3 Rate Monitor H334727
*SSEC Model 103 Resist Spinner H334677
*Kasper 1800 Mask Aligner H225148
*Thelco Oven -
LLaminar Flow Benches (5 ea) - 4
Dektak Profilometer H198478 t
*Carl Zeiss Microscope H 342904 3
*Vickers Image Shearing Microscope H327672 4
Electroglass Dicing Saw H339306
B&L 20x Microscope (3 ea) - 3
RTV Dispensing Machine CAR #529812
Hughes Thermopulse Wire Bonder H302728
Dry Box with Integral Vacuum Oven B
Mech El Bond Pull Tester, Veeco Leak Detector .
Al
Miscellaneous
Wafer holding fixtures, tweezers ;'
Petri dishes, beakers, etc. ;
Resist dispensers (eyedropper) g
Desiccators, dry nitrogen storage cabinets i
Hot plates, soldering irons
Ultrasonic cleaner

e oy

*Indicates equipment under laminar flow benches

from Table 4.3-1, a sample was then pulled for the lead integrity test re-
quired in paragraph 4.6.4.2 of Appendix IX. One hundred percent of
parts coming from the package seal station were subjected to hermeticity
test. Hermeticity rejects were high for this phase of the program, ap-
: proaching 40 percent for some part types. Hermeticity rejects were chosen
. to be subjected to the lead solderability test (Group II), since lead solder- 3
. ability is not related to package hermeticity. These parts were not elect- :
¢ rically tested due to inability to fit in the test fixture. Tests from the
¢ non-destructive Bond Pull Test operation to the visual inspection operation
after acceptance electrical in Table 4.3-1 comprise the requirements of
Group 1 test for 100% of the devices entering environmental high tempera-
ture storage and operating life test (Group III and IV test).

O P By, .

e e o
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Figure 4.2-1. Schematic Cross Section of Improved Electrical Test Fixture Utilized for Phases 11,
it and 1V

Since all devices (fifty each) were subjected to hermeticity test, sall speci-
mens coming out of Group I test were subjected to the short circuit test in
fulfillment of the Group V test requirement outlined in Table 1V, Appen-

dix IX. The balance of the parts 'vere subjected to either of Groups III,

1V, and VI test procedures. A request was made of ECOM to perform

tests in Groups IIl and 1V serially, since it was felt that there would be no
rejects for this series of tests and Method 5008 of MIL STD 883 recommends
the use of the high temperature storage test "...in a screening sequence,
or as a preconditioning treatment prior to the conduct of other tests..."
Endpoints per the requirements of Table IV, Appendix IX (fp and Lins)
were made after Group III test to detect failures. All parts passed and were
subsequently subjected to Group IV testing. The remainder of all part types
were subjected to Group VI testing. After Groups Iil, IV, and VI test, all
parts were subjected to a complete acceptance test procedure per HAC draw-
ing number 1950512-800 which can be seen in Volume I of the Final Report.

4-6
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TABLE 4.2-2,

HUGHES-FULLERTON
Hughes Aircratt Company

ELECTRICAL TEST EQUIPMENT

Fullerton, Calitorma

Instr, Mfg. Model HAC No. Accuracy
Oscilloscope Alfred 8000 H-190035 21
Sweep network Alfred 7051 H-190036 2%
analyzer
Amplifier Avantek UTA3LIN *SN13
Amplifier Avantek UTA31IM *SN 14
Amplificer Avantek UTA31IIM *SN 14
Amplitier Avantek UTA31IM *SN15
Amplifier Avantek AV9-M *SN51
Pulse generator E-H Research Lab 1398 H190151
Power supply Hewlett Packard 6215A H 958495 3%
Power supply Hewlett Packard 6215A H-958496 3%
Crystal detector Hewlett Packard 423A $0.5 dB
Attenuator Hewlett Packard 355C H 958836 0,25 dB
Attenuator Hewlett Packard 355D H958837 +1.5 dB
Attenuator Hewlett Packard 355C H958498 +0.25 dB
Attenuator Hewlett Packard 355D H 958497 +1.5 dB
Oscilloscope Hewlett Packard 183A H201430 3%
Dual Channel Hewlett Packard 1830A H201431 3%
Vert. Amplifier
Time Base and Hewlett Packard 1841A H202632 3%
Delay Generator
Electronic counter Hewlett Packard 52461, H187619 *+1 count
Frequency converter Hewlett Packard 52538 H 182632 *1 count
VHE Signal Generator Hewlett Packard 608D H 40267 0.05%
Oscilloscope Tektronix 535A H-76288 3%
Dual trace plug in Tektronix 1A1 H-18%690 3%
Rho-tector Telonic TRRB-1 *4076- 56 5%
Termination Telonic TRM-1-1,00F | *4099-23 5%
Sweep /Signal Wavetech 2001 H- 342966 5%
Genoerator g
——— e - d——— . S [N - m— i e e L.
.
*Asterisked equipment was not procured as capital equipment and is therefore 5‘

designated by manufacturer sample number or lot date code of manufacture.

All parts were then subjected to a sample visual inspection by the Quality
organization. Fifty each of the parts subjected to the above testing were
selected and shipped as deliverables for the Confirmatory Sample Phase

of the contract. N’

4.3.2 Sampling Plan

As was inferred from Seoction 4.3.1, the sampling plan utilized for
Phase IIlI was modified slightly from that required in the original specifi- !
cation (Appendix IV). In all cases, engineering judgement was applied to
make testing sequences fit logically with the product fabrication flow. A i
summary of the sampling plan utilized for first article test can be seen in I
Table 4.3-2. Differences between requirements catled out in Appendix 1X,
Volume [11, and Table 4.3-2 are: Group III and Group IV testing was com-
bined, i.e., performed on the same sample;: Group V test was performed on

s ol e« o
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TABLE 4.3-1. PHASE IIl FABRICATION AND TEST FLOW

' Cloan Wafer

Metallization Deposition

I‘l\\ml\lillmgrnphy

Vis\ulul Inspection (250X, Para 3.2.4.1, 3,17, 4.6.1. 1)
Die hlrh\rking

Moml}lun!inn Adhesion (Para 3.2.1.2, 4.6.2)

Sl\nr; Circuit (Para 3.9 and 4.6.8)

anel:' Dicing

Visual Inspection (20X - Para 3.2.4.2, 4.6.1.2)

Wafer First Articie Inspection

Die Attach
|

Toroid Attach
]

' Wire Bond

i Non destructive Bond Pull Test (Park 3.5.2, 4.6.4.1)
10 Devices of ench Part Type

!
Pre cap Tune and Acceptance Electrical Test - Para 3.10
|

Visual Inspection (20X - Para 3.2.4.2)
|
Package Seal

A |
&
§ lead Integrity (Para 3.5.2, §4.6.4.2 Sample of 10 Devicer)
|
@ -~ TOL - !
Hermetionty Teat Gen TOL, 12 ea All Other
|
Marking (Para 3.16)
\ | :
! Accoptance Bleotrical Test - Para 3.10 s
| |
! Visual Inspection (20X  Para 3.2.4.2) &
| =3
Group V Short Circuit Test (Pars 3.9 e I =
Lo . AR — | [ 3 g‘
' so &
o High Temp. Storage & < i
L= Non operating (Para 3.11)
..\g & ] ) Environmental Solderability
E 4 Electrical Test .2 Test (Para 3.12, (Para 3.8)
3 Para 3.10.1 and 3.10.5 S5 313, 3.4, 3. |
e T l f’- g > ‘ |
9. 2 Operating Life < o ;
og 7 (Para 3.15%) § ' 2 Acceptance Vigual
o5 8 ¢ £ é Electricnt Inspection
= £ Acceptance Electrical @ J Tost (20X Para
o Test - Para 3.10 -9 Para 3,10 LIAD
I S
Visual Inspection
(20X - Para 3.2.4.°
AQL = 4.0)
Pack
Ship
Note:

t. Al inspection and olectrical testa are 1008 of devisw/wafors st that
point unleaa otherwise notea.

e ki
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4

TABLE 4.3-2, PHASE III SAMPLING PLAN

TDL 200 | TDL 100 | BP-LN BP-Q PC-LN PC-Q

18 (8) 18 (8) 11 (11) | i1 (11) | 11 (11) | 11 (11) | No. Wafers Fabricated1

12 9 32 33 45 20 No. Die per Wafer

166 (42) | 127 (42) | 190 (B4) | 221 (84) | 261 (84) | 122 (84) No.ZVisually Acceptable
Die

77 78 54 61 53 56 Percent Passing Visual
Inspection.
Submit for Group II

16 (6) 6 (6) 12(12) 12 (12) 12 (12) 12 (12) | Devices Test.
Devices Passing Post

67 73 56 54 54 58 Seal Acceptance Test

27 27 50 50 50 50 Min. Sample Required for
Group I, and First

/ Article Test of Devices,
Min. Sample Required for

9 9 18 18 18 18 Group m.f
Min. Sample Required for

9 9 18 18 18 18 Group IV.4
Min. Sample Required for
6 6 12 12 12 12| | Group v.%
Min. Sample Required for
12 12 24 24 24 24 Group VI,

0101 0101 0102 (0102 |0102 |0102 | No. Defective
(Max.)

Notes:

1. Program requirements (Table II, Appendix IX, Volume III of the Final Report)
are in parentheses.

2. "Operable" in Table II listed above has been interpreted as meeting the visual
requirements of an inspection standard which has been demonstrated to meet
the electrical requirements of the program.

in parentheses.

Minimum program requirements are

3. Devices submitted for this test were hermeticity rejects, which had previously

passed precap acceptance test.

Hermeticity failures have no bearing on lead

solderability, and solder tinned leads do not allow insertion of the specimen

into the test fixture.

Minimum program requirements are in parentheses.

4. Groups III and IV testing were performed sequentially, thereby reducing the
tota)! sample size.
5. Group V test was performed on all specimens passing Group I test,
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100 percent of parts passing Group | test, rather than a sample of 12 or 9
devices, depending on the part type; f, and Lins, per paragraph 3.10.1
and 3.10.5 of Appendix IX, were determined between Group III and Group
IV test to ascertain where failures occured, [The combination of Group 111
and Group 1V test caused a reduction in the sample size required for Group
I testing]; and Group Il test was performed on hermeticity rejects.

4.3.3 Test Requirements and Procedures

A summary of first article inspection requirements for completed devices
can be seen in Table 4.3-3. In addition, other requirements were imposed
at the wafer level in Table III, Appendix IX, Volume IIl of the Final Report.
Discussion of the wafer evaluation requirements and procedures will be
followed by discussion of the individual tests in the sequence listed in
Table 4. 3-3.

4.3.3.1 Wafer First Article Inspection Requirements

After pattern definition, wafers were subjected to a linewidth measurement
using a Vickers image shearing microscope. They were then placed at the
visual inspection station, and each die inspected individually using a Carl
Zeiss microscope at 250X to the inspection requirements outlined in Table
4.3-4. The requirements outlined in Table 4. 3-4 were derived from a cor-
relation between electrical performance and visual flaws on specimens fabri-
cated during Phases I and II of the program. These requirements embodied
the reference standard called out in Table 111, Appendix IX, Volume III.

Wafers were viewed in transmitted light with the exception of trying to
discriminate between a metallization short and debris on the surface of the
wafer. In this case, it was necessary to switch from transmitted to re-
flected light. Surface particulates could be distinguished from metallization
shorts by determining the focal position variation when viewing the defect.

The depth of focus for this microscope was quite shallow at 250X, and
surface particulates would remain in focus when the metallization pattern
was lowered from the lens and defocused. This particular microscope was
not easily switched from the transmission to the reflected light mode. Mode
changes required turning on the reflected light source and decreasing the
intensity of the transmission source, entailing taking one's eye away from
the microscope and adjusting two switches and two potentiometers.

In addition, as the crystal was inspected, a map of the defective devices
was made, enabling marking of the defectives after the entire wafer was
inspected. This model microscope did not have an image inverter, since its
use was primarily for metallographic work. As a result, the operator had to
mentally invert her observations when marking the crystal map in order that
it would correlate the inspection rejects to the proper device on the crystal.
This was especially tedious for wafers with a large number of devices. These
operations were quite time consuming, requiring an average of 1.3 man-hours
per wafer for inspection, and undoubtedly leading to the marking of good
devices as defective, resulting in the acceptance of visually discrepant die.

Future work of this kind will require an inspection microscope that could
be switched from transmission to reflection with the flip of a single switch to

iR
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TABLE 4.3-3.

SAW DEVICES

HUGHES FULLERTON
Hughes Aircraft Compsny
Fullerton, Calitornia

PHASE 111 INSPECTION TEST REQUIREMENTS FOR

Applicable
Group Test MIL-STD | Method | Condition Comment
I Wire Bond and 883 2011 A and D 2 gm tension. Non-
Lead Integrity destructive pull
test. 10 devices
I1 Solderability 883 2003 -- --
I High Temperature 883 1008 A 72 hrs. @ 75°C
Storage non-operating
v Life 202 108 -- 85°C for 500 hrs,
operating - 10 MW
cwaef .
0
\Y Hermeticity 202 1128 C Fine leak
A Gross leak
A\ Vibration 202 201 -~ 10-55 Mz sweep in
one minute, 2 hrs/
axis, test 3 axes,
non-operating
Shock 202 213 I 100 G, 6 ms saw-
tooth 6 shocks/axis
test 3 axes
non-operating
Thermal Shock 202 107 A 10 cycles, -55°C to
+85°C air to air.
1/2 hr. dwell
non-~-operating
Moisture 202 106D - See Figure 4.3.2
Resistance w /50 V polarizing
voltage applied
1 Visual Inspection - - -- Hughes QMS M- 035
(Appendix XII)
1, III, Acceptance -- - -~ Hughes Dwg
IV, VI Electrical Test #1950512-800
Procedure Volume I, Final
Report and Para.
3.10, Appendix IX
Volume 3.
v, Vi Short Circuit -- -- --

Test
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TABLE 4.3-4. PHASE III WAFER INSPECTION CRITERIA

Visusl Metal Thickness
Criteria Criteria Comments
o
BP-Q 3 opens-active area 2000 A * 15% 3.9um lines, double electrodes
source withdrawal and apodized.
Transducers
[«]
BP-LN 0 open-active area 1000 A *+ 10% Lins too low - Scribed open
fingers on MSC to bring into
1 open-inactive spec. both trans. apodized,
area 2.9 plines
[+
PC-Q 3 opens-active area 1200 A + 15% 4.5 to 6.5 um lines
One transducer apodized
[+
PC-LN 3 opens-active area 1500 A + 15% 5.0 to 7.0 um lines
One transducer apodized
TDL-100 | 3 open taps 400 A + 10% 3.9 plines double electrode
(7 electrodes each) 7.9 plines in tap.
TDL-200 Same as TDL-100
l 1
Notes

1. No shorts are allowed in the active area on any device type.
2. Unless otherwise specified, shorts in the inactive area of a device are
permissable in any number.

turn on and off the proper combination of light sources. The image invert-

ing feature should also be built into the optics.

recently come out with such an instrument,

American Optical Co. has

After visual inspection, the wafer map is used to mark good die with a
numerical code which defines the wafer number and evaporation lot number.
A short circuit probe test was then performed on all devices passing visual
inspection. Wafer metallization thickness was measured using the Dektak
profilometer.. Wafers were then submitted for dicing, and a rejected device
retgined from each wafer. The rejected sample devices were then submitted
for cleaning, after which they were subjected to a tape pull of metallization
adhesion test (para. 4.6.2, Appendix IX). After passing the aforementioned
test sequence, die from accepted wafer lots were then cleaned, reinspected
per QMS M-035 (Appendix XII), assembled to headers, and submitted for
the tests detailed in Table 4. 3-3,

4.3.3.2 Wire Bond and Lead Integrity

Test Condition A — This procedure calls for the pull test of external
package leads with requirements called out in paragraph 4.4.1.2 of
Appendix IX. Hughes interpreted this requirement to be 50 gms force
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HUGHES FULLERTON
Hughes Awcratt Company
Fullerton Calttorma

in a direction parallel to the lead axis and no greater than 5 degrees bending
of the lead from a direction perpendicular to the plane of the header for the
dual-in-line types of packages used on this program. No cracking of the
glass bead oter than meniscus cracking such as that defined in MIL-STD- 883
was pernitted. Hermeticity was required to be retained through this test.

Test Condition D - Although Method 2011 is generally called out as a
destructive test. the bond strength required for 2 mil gold wire in Appendix
IX (2 gms - paragraph 4.6.4.1) is considerably lower than the destructive
bond pull limit specified for 2 mil diameter gold wire (7.4 gms - Figure 2011.1).
Hughes interpreted this to mean requirement of a non-destructive bond pull
test with details as called out in paragraph 3.4 of Method 5008, MIL-STD- 883.
Since one mil diameter gold wire was used on these devices, bond pull test
requirements were then derived from the MIL-STD to be 1.5 gms pull force.

No failures were allowed, in order to pass the first article lot acceptance.
A sample of ten specimens was pulled from each device type.

4.3.3.3 Lead Solderability

This test is used to evaluate the solderability of the leads on the hybrid
packages utilized for all part types. As was mentioned previously only the
pins of the packages were electroplated. Plating sequences used for these
lends were electroless nickel, followed by electolytic gold of 50 to 100 micro
inches thick. Solder will dewet during this test if the gold plating is of
insufficient thickness or porous enough for the underlying base material to
oxidize. Hermeticity rejects were tested on the sample basis specified in
Section 4.3.2. Prior to solder tinning of the package leads, parts were
preconditioned by suspending over boiling deionized water for one hour.
The leads were then tinned in a solder pot containing Sn 60 solder for §
scconds. a period of time sufficient to scavenge all the gold plate on the
leads into the solder bath, Tinned parts were then subjected to visual
inspection at 10X, with failure criteria being greater than 95 percent dewet
ting and /or pinholes concentrated in one area greater than 5 percent of the
tinned area.

4.3.3.4 High Temperature Storage

Parts sampled per Section 4. 3.2 were maintained in an oven at 75°C for
a period of 72 hours under ambient atmospheric conditions.  The center
frequency and insertion loss of the sampled parts was then measurved.,

4.3.3.5 Life Test

Parts were plugged into test boards similar to the one shown for the B Q,
BP-LN and PC-Q devices in Figure 4.3.1. Mounting of the parts on the
boards was identical to the specimen holder depicted in Figure 4.2.1. Test
boards were designed to accomodate the sample size called out in Table
4.3-2, i.e., 18 each for the Bandpass and Pulse Compression devices and
9 each for the TDI devices. 1t should be noted that in order to wmeet the
requirements of this life test. each part under test must see normal input
power levels, i.c.. "the device must be performing its operational function.”
To tmplement this requirement. an N-wayv power divider must be used, where

! MIL-STD- 202K, Mcthod 108A, Section 1,

e e e e e
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Figure 4.3-1. Typical Printed Circuit Board Layout for Operating Life Test of PCQ. BPLN and BPQ
Devices. Parts were inverted into the board in a manner identical to that depicted in Figure 4.2.1

Qutput of cach string of devices was fed into a 508 resistor.
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HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

N is the sample size for each part type. A suitable configuration to achieve
this condition is shown in Figure 4.3-2 for the maximum sample size of eight-
een devices. Note that the devices are matched to a 50 ohm line. The test
board and equipment configuration depicted in Figure 4.3-2 would cost ap-
proximately $1,100. Performance of the 500 hour life test on all parts in a ¥
serial fashion would have required eighteen weeks test time. This test time
could have been reduced by half with the addition of another test board,

but double the equipment cost. In order to test all six parts simultaneously,
a more expensive configuration than that depicted in Figure 4.3-2 would
have been required. In light of the extensive test time and equipment cost,
a life test of reduced scope was implemented, utilizing the test boards de-
picted in Figure 4.3-1.

Bt M et

Figure 4. 3-3 shows a typical configuration of the way the devices were
actually tested. Devices were wired in the series-parallel configurations
noted in Table 4.3-5. As a result of this wiring configuration, devices in
series beyond the first one or two devices saw extremely low power levels,
due to the 20 to 55 dB insertion loss of the previous devices. This con-
figuration has the effect of subjecting some devices to essentially a 500
hour high temperature storage test at 85°C. However, the remainder of
the devices "performed the operating function", which in essence simply
reduced the sample size for the life test. It should be noted that input
power levels were not specified in paragraph 4.6.14 of the electrical spec-
ification (Appendix 1X, Volume III of the Final Report).

4.3.3.6 Hermeticity Test

This is a standard test used in the assembly of all hybrids. Parts were
pressurized in a helium bomb at 60 psi for 2 hours. Within 0.5 hours of
removal from the helium bomb, parts were subjected to fine leak testing in
an automated Veeco leak detector, which was calibrated with a controlled
leak traceable to NBS standards at the start of hermeticity test. After per-
formance of fine leak testing, parts are then subjected to gross leak testing
by submersion in Freon FC-40 at a temperature of 125°C.

4,.3.3.7 Vibration and Shock

Test procedures, specimen fixtures, and equipment are outlined for these ;
tests in Appendix XI. A short circuit test was performed between vibration/ 1
shock test, and after shock testing. &"

4.3.3.8 Thermal Shock and Moisture Resistance

Thermal shock testing was performed in an apparatus that maintained
two chambers at -55°C and 85°C with ambient atmospheric conditions. Parts
were placed in the cylindrical specimen holder which rotated between the
two chambers with a 5 minute dwell between temperature extremes. Thermal
capacity of the chambers was such that test chamber temperature reached
the required value within two minutes of transporting test specimens into
the chamber. Parts were subjected to 10 cycles from -55° to 85°C, followed
by subjecting to a short circuit electrical test.

l
|
|
Moisture resistance was performed on the specimens after thermal shock ]
testing. [Initially parts were dried in an oven for 24 hours at 50°C, after {
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HUGHKHES-FULLERTON
Hughes Aircraft Company
Fullerton, California
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Figure 4.3-3. Typical Life Test Circuit Board Contiguration b
TABLE 4.3-5 DEVICE LIFE TEST BOARD SCHEMATIC DETAIL 4
Number of Chains | Number of Devices in | Termination
Device Type | F, (MHz) in Parallel Series per Chain Resistance
RP-Q 100 3 6 51Q
BP-LN 150 3 6 51Q
PC-Q 150 3 6 51Q
PC-LN 150 2 9 510
TDL-100 100 3 1@6 5140
2@ 4
TDL-200 200 3 1@6 519
2@ 4 f
|
4-17 3




which they were subjected to ten of the cycles represented in Figure 4. 3-4.
A polarization voltage of 50 V D.C. was applied during the cycle between
25°C and 65°C at 89 98% relative humdity. The polarization voltage was
applied by attaching all input and output terminals of the devices under
test to the positive terminal of the power supply. All ground terminals }
were attached to the negative terminal. After the tenth cycle, the parts ‘
' were removed from the humidity chamber and a complete set of electrical | 3
measurements performed per the acceptancc test procedure listed in Table 0y
[ 4.3 3 within 2 hours of removal from the chamber. Parts were then meas-
ured again after twenty four hours.

4.3.3.9 Device Visual Inspection

Visual inspection requirements can be divided into two areas: crystal
die, and requirements related to header assembly. After the wafer in-
spection at 250X menrtioned in section 4.3.3.1, headers are assembled with ’
cleaned die, toroids installed, and precap test performed. Completed head-
ers are then inspected to die requirements outlined in QMS M-035 (Appendix
XII). Wire bonds and solder joints are inspected to MIL-STD 883, Method
2017. 1.

4.3.3.10 Electrical Test

Acceptance test procedures and equipment are outlined in Hughes Draw-
ing #1950512-800. Volume I, of the Final Report.

4.4.0 FIRST ARTICLE TEST RESULTS FOR PHASF Ill

As can be inferred from Table 4.3-1, only parts passing Group 1 test
were subjected to further testing, with the exception of parts subjected
to Group Il test. Hermeticity rejects were subjected to the Group II
solderability test, since lead solderability has no relationship to electrical ¥
performance. Fifty of each part type passing Group I test were then sub-
‘ jected to the sampling plan outlined in Table 4. 3-6 for the various test pro-

cedures. All parts going through the test plan outlined in Table 4.3-6
were then delivered in fulfillment of the contract requirement.

q TABLE 4.3-6. REVISED MINIMUM SAMPLING REQUIREMENTS
FOR PHASE II1
High T Storage/Life| Shock, Vibration, Thermal
Group I, III, IV, V Shock and »loisture Hermeticity
Resistance Group [. VI Group I. V
BP-Q 18 (0/1) 24 (2) 8 (0) ]
BP-LN 18 (6/1) 24 (20) 8 (0) -’
PC-Q 18 (0/1) 24 () 8 (0)
PC-LN 18 (0/1) 24 (2) 8 (0) H
TDL-100 9 (0/1) 29 () 12 (0) t
TDL-200 19 (0/1) 9 (1) | 23 (M '

Note: Numbers in parentheses indicate number of defectives allowable. t
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The test seguence to which ench individual part was subjected can be
sceen in Appendix XHIL along with final clectrical data tnken after the series
of tests, Note that g for the 'TDL and PC devices, 1 tor the PC devices
and T x /& for the BP and TDL devices was not measured, due to the
arguments discussed in Section 3..3.0, Volume 3 of the Final Report. In
addition, the VSWR was measured on all devices built during Phase 11,
Scecond Engineering Sample Phase.  The results were found in general to
tall well within the spece limits.  However, several Phase 11 devices failed
VSWR between preeap and final test. The out of spece condition was
attributed to excess RTV dispensed through the center section of the
toroid core placed at the device input and output port. The added diclec
tric material in effect inereased the distributed capacitance of the matching
network, which in turn, generated the inereased mismateh condition.

Bused on the observed VSWR test results, and in order to save time
and vost, it was dedided to perform only pass/reject return loss measure
ments., as is indiceated in Appendix X111, A summary of failures occurring
during first article test can be seen in Table 4.3 7. In all cases, the
number of failures expericneed was within the limits allowed by the
contract .,

4.5.0 DISCUSSION OF FALLURES

Table IV of the electrical specification (Appendix IX, Volume I11) speci
fied that only insertion loss and center frequency be measured after the
non operating, high temperature storage test. In addition, only n short
circuit test was specified between the vibration, shock, thermal shock,
and moisture resistance tests.  Although these tests may be adequate for
ecliminating failures in active, integrated circuit types of devices, they
were inadequate for the device types on this program. As a resull, some
clectrical failures could have occurred during environmental exposures
performed earlier in the test seqquence. These instances are detailed in
the notes for Table 4.3-7. Also, a device failure during the operational
tests (life and moisture resistance) could change conditions for the re
maining devices on the test board. For the case of operating life test,
some devices would experience an increase in power, while others would
be subjected to less input power (see Figure 4.3-3). Moisture resistance
specimens would see reduced power if a transducer shorted, draining
excesy current from the constant voltage source and decereasing the output
voltage. These facts, coupled with non-performance of failure analyses
(they were not required in the contract for First Article Test  see para-
graph 4.4.3 of the specifieation) require a hypothetical discussion of the
points of probable faillure during First Article Test.  Failures will be dis-
cussed individually by electrieal parameter in the following paragraphs.

Broken Pin  These failures resulted from operator overstress and will
not be discussed further,

Insertion Loss  Of the three devices failing from insertion loss in Table
4.3 7. two can definitely be attributed to the operating life test exposure
(PC Q. S/NI2 and TDIL-100, S/N 60). Both devices were sufficiently de
graded that insertion loss was not measurable over the dynamic range of
the test set (60 dB).  The third insertion loss failure (BP Q, S/N 8)
occeurred during Group VI test, and had a measurable, although grossiy
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out of specification, value of insertion loss. It seems reasonable that these
tailures occurred as a result of the operating and /or DC bias exposure.
The failure mechanism could be the result of introduction of a very large
series resistance with either transducer, opening of a very large number
of fingers, or a very large increase in the sheet resistivity of the metal-
lization. These failures could easily occur if electrolysis occurred between
adjacent fingers, resulting in anodization (electrolytic oxidation) of the
aluminum metallization. Another failure mode could be galvanic corrosion
of the area surrounding the gold wire /aluminum metallization interface.
Either of these mechanisms require the presence of an ionically conductive
condensate in the area of attack. Although these parts were hermetic,

a dry non-volatile atmosphere inside the package is not assured, due to
the possibility of outgassing of the RTV or some other organic constituent
inside the package. Another possibility is the outgassing of a constituent
which chemically attacks the metallization. The TDL devices would be most
sensitive to this failure mode, due to the thin metallization (400A). A
residual gas analysis of the package atmosphere would have eluddated
these failure modes.

Spurious Suppression — All failures occurred after one or more high
temperature exposures (PC-LN, S/N 51 and §/N 20). A possible cause of
this failure mechanism is densification or delamination of the RTV on the
ends of the crystal, thereby changing the acoustic damping coefficient of
the absorber. This would result in an increase in end reflections, similar
to initial application of an inadequate amount of RTV on the ends of the
crystal. It is interesting to note that failure to meet electrical specification
was incurred with the PC-LN devices during Phase Il of the program (see
the discussion on page 3-22, Volume II1), and was corrected with addition
of RTV.

Sidelobe Suppression — All failures occurred during Group VI testing
(PC-Q, S/N 54 and 76; TDL-100, S/N 10). The most probable explanation
of these failures is tranducer damage resulting from the same mechanisms
discussed in the paragraph on Insertion Loss.

VSWR -~ Both failures were TDL-200 devices, S/N 94 and 55B. It is
likely that the Group VI failure occurred as a result of the thermal cycling
exposure resulting from the thermal shock and moisture resistance test.
This resulted in mechanical movement of the toroid coils. The high temp-
erature storage /life test failure probably resulted from the detuning of the
device, resulting from aging of the toroid core (see Appendix X, Volume
II1) or the RTV material used to stake the toroid.

4.6.0 CONCLUSIONS FROM PHASE III

Several interpretations of specification requirements were mandated due
to inadequacies in the specification. The first of these was the interpreta-

tion of 'bperable” die to be those which met electrical requirements. Exper

imental data was collected to correlate visual flaws with electrical perform-
ance (Table 4.3-4). Lead integrity and bond pull test requirements were
unclear, and were interpreted as outlined in Section 4.3.3.2, Life test
requirements and procedures were undefined, and were interpreted as
outlined in Section 4.3.3.5, with some compromise in Life Test sample size.
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Recommendations resulting from Phase III are: use of a complete elec-
trical test rather than the short circuit test between test procedures;
derivation of a compromise between equipment cost, test time, and sample
size for the life and moisture resistance test, which does not overload some
cdrcuits and understress others in the event of device failures during test;
and utilization of residual gas analyses using a mass spectrometer for fail-
ure analysis of failed devices.

Experimental results of Phase III dictated that number failures did not
exceed specified requirements. However, since all parameters were not
tested for the high temperature storage test due to inadequacies in speci-
fication requirements, thepossibility exists that two failures (PC-LN and
TDL-200) may have occurred during this test. Also, the test procedure
utilized for the life test essentially reduced the sample which was subjected
to "operating” life, and increased the sample subjected to "non-operating"
high temperature storage. Normally, a reduction in a sample size using
MIL-STD-105 decreases the percentage of failures allowable in a sample for
a lot to be acceptable. However, it is impossible to interpret these results
using MIL-STD-105, due to the very small sample size.

Finally, it was noted in the interpretation of the experimental results
that test conditions utilizing both applied power /voltage and high tempera-
ture are more severe for SAW devices than mechanical and non-operating
temperature environments.

4-23 (4-24 BLANK)
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5.0.0 PILOT LINE IMPLEMENTATION/PRODUCTION (PHASE 1V)

The purpose of Phase 1V is the establishment of a pilot production line,
consisting of all production and test equipment required to accomplish the
, pilot production run at the required production rate (150 devices /month).
The first part of this segment (5.1.0) will consist of a description of the
pilot production line. The second section (5.2.0) will detail the pilot pro-
duction. This section will include a description of the sampling and test
procedures utilized for the pilot production, a presentation of the electrical
data, and an analytical section discussing pilot run yields, and device
labor and material cost. The third section (5.3.0) will discuss materials
and processing considerations for the pilot production, and the last section
(5. 4.0) will detail conclusions from the pilot production.

5.1.0 PILOT LINE IMPLEMENTATION

This Section will be divided into three subsections discussing the total
approach required for pilot line implementation. The space, facilities and
manpower will be discussed for the unbalanced production approach utilized
for the pilot production. This will be followed by a discussion of the equip-
ment utilized for the pilot production, and its replacement cost. The last
discussion will be centered around the capacity of the pilot production line
and the bench time required for each operation in the process flow,
exclusive of set-up time.

3.1.1 Space, Facilities and Manpower Required for the Pilot Production

Total space required for the pilot production consisted of 900 square 1
feet of on-site laboratory space divided approximately equally into three -]
separate areas, crystal fabrication, header assembly and inspection. and ¢
electrical test. In addition, a projection weld sealer was utilized at another '
Hughes facility as well as a package leak test station, bond-pull station.
and marking equipment. These additional stations occupied an additional
200 square feet of laboratory space, making the total requirement 1100 square
feet. Space and equipment required for mask making, and environmental
test will not be treated here, since capital expense for these items is very
high ( > $1.0 million). Also, a small business would normally subcontract
mask fabrication and environmental test requirements. The philosophy
of the MMT program was to establish a base and plans to establish a SAW
capability at other sources. Normally, the capital would not be available
or warranted in this type of situation to set up a complete environmental
lab and /or mask shop.

Facilities required for the pilot production included the following: air
conditioning with humidity control: clean rooms and laminar flow work
stations; fume exhaust; liquid and gaseous nitrogen, argon: house vacuum t
lines; city, cooling, and de-ionized water: solvent and acid disposal: and }
electrical power. All facilities implementation requirements were straight- '
forward with two exceptions: interaction between the airconditioning sys ‘
tem, clean room, and fume exhaust: and the clectrical power requirements !
for the project weld seal station, These two topics will be discussed in [

!
|
t




the following paragraphs. A more detailed tabulation of requirements for
the individual equipment utilized will be presented in the next section
(5.1.2).

As will be discussed in a later section, yields at wafer visual inspection
ranged from 56 to 76 percent for the six candidate devices. The majority
of the devices ranged yielded from 56 to 70 percent at predice inspection,
utilizing the visual inspection criteria outlined in Table 4.3-4. Most of the
rejects occurred due to shorts or opens in the active fingers of the trans-
ducers. See Figure 5.1.1. After investigating the source of these photolitho-
graphic flaws, it was concluded that they were caused by airborne contaminants
being introduced on the surface of the crystal before metallization and/or before
resist coating. These yields could have been improved substan‘ially by a
different layout and design of the facility in which the crystals are metal-
lized and photolithographically defined.

The design philosophy of the SAW laboratory was to establish process
stations under Class 100 laminar flow stations which were located in a
laboratory maintained at positive pressure with respect to entryways in a
Class 10,000 condition. The wafer photolithography area was deemed tu be
most critical, since particulates introduced at this stage of device fabrica-
tion manifest themselves as point defects in the transducer pattern i.e.,
open or shorts [Particulates introduced at later stages of fabrication are
non-conductive generally, and can be cleaned off immediately prior to
package seal. This laboratory design philosophy would cause problems for
very high reliability applications, since SAW devices by their nature can-
not be passivated.] Two basic problems existed with the laboratory as it
was configured for the pilot production run which make exclusion of air-
born particulates impossible. The first problem had to do with the layout
of the process line; it was necessary to remove wafers from the Class 100
laminar flow benches and transport them in closed containers between work
stations. This could have been corrected by an in-line process, where
wafers never leave the Class 100 environment until the pattern is defined. .
The second, more serious problem is the fume hood design depicted in
Figure 5.1-2. This problem relates to the interpretation by the Health and
Safety department that an operator at a fume hood must be bathed in fresh
ar having a velocity of 100 feet per minute across the work surface. In
order to accomplish this requirement, facilities engineers set the process
sink exhaust dampers such that this air velocity was established downward
through the work surface. In order to prevent fumes from entering the
laboratory, the flow rate of the HEPA filters was set at 90 feet per minute.
The balance of the exhausted air entered the work surface from the labora-
tory. Fresh, conditioned air was supplied to the plenum above the squirrel
cage fan in order to prevent the possibility of fumes which escaped the work
surface from being recirculted in the hood area. The plenum was sealed to
the conditioned air ductwork and was to be maintained at a pressure less
than the laboratory ambient. Disadvantages associated with this clean
room design are as follows: 1.) if P) exceeds the laboratory ambient air
pressure due to clogging of the HEPA filters, raw air will enter the
laboratory space; 2.) when other filters on the same ducting system become
clogged, the raw air contamination will occur more rapidly: 3.) utilization
of laboratory air to bathe the operator causes this raw air to be drawn onto
the work surface; 4.) when the HEPA filters become clogged. the laboratory
loses positive pressure, since the exhaust system has low resistance and
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Figure 5.1.1. Micrograph of Open Finger
Caused by Particulates on Substrate Surface
Prior to Metallization (3000X)
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will continue to withdraw air from the laboratory at a constant rate: 5.)
exhaust and air-conditioning systems of this complexity cannot be balanced
properly for any length of time, since there was no feedback of information
between the two systems. An additional, although harmless. problem with
this design approach is its extreme energy inefficdiency, since the condi-
tioned air only enters the laboratory one time before being exhausted
through a fume duct. In order to optimize processes for control of photo-
lithographic flaws, it is mandatory to have a clean facility which is totally
independent of other laboratories and has a feedback system monitoring
exhaust and inlet air flow rates. One particular consultant with a design
approach accomplishing these requirements is Environmental Air Control,
Inc. . Baltimore, Md.

Electrical power requirements for the projection weld seal station utilized
on the pilot production were 220 volts /400 ampere service, Initially. the
SAW facility was scheduled to obtain this equipment, but capital problems
were enocountered when facilities planning estimated a $45.0K cost to pro-
vide this electrical service. As a result, a projection weld system at another
facility was used. This equipment design (Taylor-Winfield) utilized an AC power
1 supply. resulting in the massive power requirement to prevent interference
with other equipment on the same line. Currently. Meisser-Greischeim in
Germany is manufacturing a capacitor discharge power supply which has
very reasonable power requirements, although the initial cost is higher
($55.0Kvs, $40.0K).

Manpower required to staff the SAW facility sufficiently to accomplish
i the production rate of 150 devices per month was as follows: 2 assemblers,
1 wafer fabricator. 1 test technician, 1 inspector, and 1 supervisor. The
supervisor also served in the capacity of production control. and material
procurement.

5.1.2 Pilot Line Equipment Requirements

‘The major equipment required to fabricate the devices for this program
is listed in Figure 5.1-3 under the requisite process. As was mentioned
earlier. this was not an in-line process, and the various process station
depicted in Fure 5,1-3 utilized much of the same equipmwent. The detailed
equipment required for crystal fabrication can be seen in Table 5.1-1,
Those items which were shared or used by more than one process step are
designated in the replacement cost column. Facilities required tor the
individual equipment are listed in the appropriate column. Cost has not
been included for the fadlities in the replacement cost column of the table.
In general, nitrogen, compressed air, de-ionized water, city water. chilled
water. and house vacuum would be required to set up a laboratory. The
only extraordinary electrical requirement is that power required for the
electron beam power supply and associated vacuum chamber. Total replace
ment cost of the crystal fabrication equipment is $135,978.

Assembly and test requirements depicted in Figure 5, 1-3 are tabulated
in Table §.1-2 and 5.1-3. Power to the projection welder was not included |
in the equipment cost, and was discussed previously in Section 5.1.1. It
can be seen that the package seal and leak test stations are major cost 4
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TABLE 5.1-1., CRYSTAL FABRICATION EQUIPMENT
AND REPLACEMENT COST
Facilities Replacement
Qty Required Cost (10-79)
1. Crystal Substrate Inspection
a) A.D. Stercostar Zoom #561C-D3 1 110V,5A 846
b) Zeiss Universal Microscope 1 110V ,5A 9,612 ﬁ
¢) Laminar Flow Station - MicroAir 1 115V,10A,N,V 1,240 :
MAA-60/HC-60 f
2. Crystal Clean i
a) Petr. Dishes - - 200
b) Laminar Flow Station (Same as 1 Same as lc 1,740
1c)
¢) Process sink - MicroAir MBB-80 1 D,N,110V,20A 7,620
; d) Ultrasonic Cleaner - Collins 1 695
‘ Modei 50
3. Metallization
a) Veeco acuum Chamber 1 Liquid Nitrogen 10,000
220V,16,50 amp
N,Argon,CW
(4 GPM)
b) Airco Temescal CV8-110 Power 1 220V,30, 40A 7.800 §
Supply .
¢) Electron Beam System - Stih 270-2| 1 115V, 20A 3,150
CW (1.25 GPM) é
d) Thickness Measuring Equip 1 115V, 20A 10,000 i
e) Laminar Flow Station (Same as le¢) 1 115V,20A,N,V 1,740
' f) Evaporator Controller 1 115V ,20A 4,960
4. Photoresist Application
a) Photoresist Spinner (Platt #103) | 1 N.V 2.050
.._ 110V,7A
: b) Photoresist Dispenser 1 N 500
{
‘ ¢) Mechanical Convection Oven 1 115V ,20A ,N 625
d) Laminar Flow Station 1 Same as lc¢ 1.740
5. Pattern Exposure
a) Mask Aligner 1 110V, 10A 50,000
b) Laminar Flow Station 1 Same as lc JShared w/4
e e - p— e e e ek $ e L. - o e —— e e ——
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TABLE 5.1-1. CRYSTAL FABRICATION EQUIPMENT i
AND REPLACEMENT COST (Continued) 1

S e m e e
Facilities Replacement
Qty Required Cost (10-79)
| 6. Photoresist Development - - Same as 2
i
f 7. Pattern Etch - - Same as 2
; 8. Optical Inspection - - Same as 1
t 9. Protective Coating Application - - Same as 4
E
’ 10. Wafer Dicing E
i a. Dicdng Saw - Electroglass 106 1 110v,7A 15,700 %
: b. Process Sink 1 D.W,CW,V 7.620 ;
E ¢. Hot Plate 1 100 {
11. Clean Die - - Same as 2 %
Total Cost 135.978 '
N = Nitrogen .
A = Air i
D = De-ionized Water
0 = Oxygen !
1 Vv = Vacuum £
w = Water 5
Cw = Chilled Water
110V,10A.19 = Electrical Power .

items. Obviously. substantial savings could be achieved in equipment cost
if solder sealing were used., but the yields were low for this process at the
initiation of the pilot production, and this approach is not recommended.
Seal yields will be discussed in a later section. The total replacement cost
for the assembly and test equipment is $92,382.

5.1.3 Pilot Line Capacity

One goal of the pilot production was the establishment of the process
sequence for each detail part and the determination of the amount of time
required to perform each operation in the fabrication scquence. Utilizing
the process flow and equipment discussed in Section 5.1.2, the number
of hours required to fabricate a wafer were established for the various
device types. As can be seen in (Table 5, 1-4), the wafer fabrication time for
the various device types is the same with the exceptions of removing {
shorts, visual inspection, dicing, and cleaning. Differences in cost per die
result solely from differences in the number of die per wafer. These opera-
tions varied as a result of the final die size, number of lines per device, and
device line width, When these data are normalized to the device size, as shown
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TABLE 5.1-2, ASSEMBLY TEST EQUIPMENT
AND REPLACEMENT COST

12,

13.
14.

15.

16.

17.

18.

19.
20.

NOTE: Same key for facilities required as Table 5.1-1.

Facilities Replacement
Toroid and Ground Attach
a) Soldering Irons 2 110V ,5A 500
b) A.O. Stereo Zoom 1 110V ,5A 846
¢) Laminar Flow Station 1 Same as lc 1,740
Package Clean - - Same as 2
Crystal Attach
a) Resist Dispenser 1 - 1,486
b) Laminar Flow Hood 1 Same as lc Shared w/l1
Wire Bond
a) Hughes Thermocompression Bonder 1 110V,10A 5,000
b) Bond Pull Tester
Electrical Test
a) See Table 5.1-3 - 110V, 20A 36,226
b) Stereozoom 1 - 846
¢) Work Benches 1 - 1,092
Clean and Inspect - - Same as 2
QC Inspection
a) AO Stereozoom 1 110V,5A 846
Mark 1 110V,10A 1,000
Seal
a) Taylor Winfield Projection Welder 1 220V .400A,10 35,000
with Dry Box and Vacuum Oven V.A,W.CW

b) Leak Test 7,800

Total Cost 92,382
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TABLE 5.1-3. ELECTRICAL TEST EQUIPMENT AND REPLACEMENT COST

‘: E— - —_ e —e— { e ——
Replacement
Instr. Mfg. Model Accuracy Cost (10-79)

Oscilloscope Altred 8000 2% 7,350
Sweep Network ‘Alfred 7051 2% 7.350

analyzer | i
Anmplitier fAvantek UTA311N 217 v
Ampli fier {Avantek UTA311M 217 f
Amplifier Avantek UTA311M ' 217
Amplifier 'Avantek UTA31IM ; 217 _
Ampli fier | Avantek AV9-M 1,050 H
Pulse generator {E-H Research Lab | 139B ' 1,350
Power supply Hewlett Packard 6215A | 3% 155
Power supply |Hewlett Packard 6215A P 3% 155
Crystal detector }Hewlett Packard 423A . #0.5dB | 165 :
Attenuator ‘Hewlett Packard 355C ' 40,25 dB 255 ;
Attenuator Hewlett Packard 355D | *1.5dB 255 }
Attenuator |Hewlett Packard | 355C | +0.25 dB 255
Attenuator Hewlett Packard 355D ( 31.5 dB 255 t-
Oscilloscope Hewlett Packard | 183A . 3% 2,000 »
Dual Channel 'Hewlett Packard | 1830A ) 3% ' 1,750 _

Vert. Amplifier i ; 5;
Time Base and tHewlett Packard 1841A 1 3% 1,160 ¥

Delay Generator I " %
Electronic counter Hewlett Packard 5246L I *1 count 5,300 i
Frequency converter Hewlett Packard 5253B | *1 count 1,425 :
VHF Signal Generator |Hewlett Packard 608D | 0.05% 5,800 ¥
Oscilloscope | Tektronix 535A 3% 3,800
Dual trace plug in ?Tektronix 1A1 3% 3.800
Rho-tector Telonic TRB-1 5% 528
Termination Telonic TRM-1-1.00F | 5% 528 i
Sweep /Signal Wavetech 2001 P5Y 2,350 L
Generator ] [ '

. Total 36,226

in the device capacity per day column, it becomes readily apparent that the
. visual inspection and dicing/cleaning operations are the most time con-
suming and throughput limiting processes.

: Similar evaluations were performed for the assembly and electrical test
of the various part types. These results can be seen in Table 5.1-5. The
only difference among the six device types for these operations is first
electrical tune and test. in general, the BP-Q. BP-LN, and PC-Q devices
were more tedious to tune than the other part types. These devices had
toroids on both input and output ports, requiring tuning for VSWR on both
ports due to the lack of reproducibility between toroids. In addition, the
insertion loss on the BP-LN device was too low. requiring a scribing opera-
tion on the fingers of the MSC to bring the insertion loss into the specitica-
tion window. It can be seen that the electrical test and die attach/wire
bonding operations were the least efficient for these devices. The die
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| BP-Q.BP-LN.PC-Q ]| PC-IN, TDL-100. TDL 200 E

lC apacity ! Capadity

) Hrs /Device l’pr Da}y ] _l_i_l‘a-}/Doyivce" N _."EF_P‘_‘Y_
Pkg Prop .20 33 .20 33
r Die Attach/Wire Bond . 40 17 40 17
Tune and Test .50 13 25 26
Pre cap QC 10 65 10 65
Mark 10 65 .10 65
Seal 10 G5 .10 65
Leak Test .10 65 L0 65
Final Eleet .25 26 25 26
Final QC .10 65 Y\ 65
Ship .10 65 L0 65

TABLE §.1 5.

ASSEMBLY AND TEST WORK STATION CAPACITY

HUGHES FULLERTON
Hughes Arrcraft Company
Fullerton, Calitornia

‘anod on a 6.5 hour per day efficiency

-~

S W

attach operation efficicncy was greatly-improved with the use of the RTV
dispenser, although very high production rates are required to make the
cleaning of this tooling worthwhile. This process could be greatly improved
if a disposable dispenging tube, such as that used for epoxy dispensers,
could be utilized, Electrical test time would be greatly improved if automated
test equipment were implemented.  This is possible in the frequency domain
with the current generation of network analyvzers, such as the Hewlett
Packard product line. However, the time domain measurements at this point
are not easily automated.

5.2.0 PILOT PRODUCTION

Y Tl e R . T T

This section will be divided into six subsections detailing all procedures and
processes utilized for the pilot production, and data generated from the vartious
tests performed on the devices produced during Phase IV, The first sub-section
(5. 2. 1) will discuss the processes and sampling procedures utilized for Phase
IV. This will then be followed by sub-sections discuasing precap and final elec-
trical data (6.2.2), Group B and C test data (6.2.3) and a discuasion of clectri- )
cal test data (6.2.4). Yiolds at the varfous processing stops in the fabrication
process will then be dotalled (6.2.5). Total material required for the pilot pro-
duction and device coat for the pilot production will complete the section (5.2.6
and 5.2.7).
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5.2.1 Phase 1V Processes and Sampllng/'l‘est Plan_

Gouls of the pilot run were production of the six candidate devices in quan-
tities sufficient to prove and perfect production tools, processes and equip-
ment, and to establish data from which an effective and realistic quality level
cowld be maintained. The production processes utilized for the pilot run have
been detailed in Volume 1 of this report. Section 5.1, 0 detalled the equipment,
tooling, and processing sequence utilized to accomplish the pilot run. Electrical
and environmental test procedures utilized for pilot production were identical to
those detailed in Section 4, 3. 3, with the exception of VSWR data. This param-
eter was performed on a go-no-go basis per the discussion in Section 4. 4. 0.
The remainder of this subsection will be devoted to the sampling plan and test
procedures used to perform quality conformance inspection (Group A, B and C
testing) on the devices produced during the pilot run,

For the purposes of this contract, an inspection lot was defined to be all
wifers or devices of the same design manufactured sequentially, and utilizing the
same processes und procedures. Inspection of the product required for delivery
Quality Conformance Inspection), required completion of Groups A, B, and C
testing as summarized in Tables 5.2-1 through 5.2-3. Group A testing was per-
formed on all parts and wafers produced for the pilot run at the process points
indicated in Table 4.3-1. Visual inspection criteria for wafers and devices were
identical to those utilized during Phase Il of the program, and are outlined in
Section 4. 3.3, 1. Note that critical flaws are correlated to actual electrical tests
of devices., Due to the high material cost for the SAW crystal ($0. 89 to $7. 22 for
the various device types, unylelded), calculations were made on an individual
device basis to determine the number of devices per wafer which were acceptable
at photolithog raphic inspection. The acceptable ylelds for all devices was
thereby determined to be 60 percent. After photolithographic inspection, the
wafers were diced and mounted on headers, at which point they were subjected
to Subgroup II inspection in Table 5,2-1, Parts passing Group A inspection were
then subjected to Group B inspection (Table 5. 2-2) to an AQL of 6.5, using the
sampling procedure called out for inspection level S-4 and the acoept/reject
numbers defined in MIL-STD-105, Group C inspection was performed on each
lot as detailed in Table 5,2-3, with the exception of the solderability test which
was deemed to be Inapplicable (since the devices were to be used as a plug-in
type of device). In addition, Group C Subgroup I and III tests were performed
sequentially on the same sample, The sample size for Group C Subgroup 1 111
testing was six cach, and Group €, Subgroup 11 tests were performed on six
devices per inspection lot,  Only one failure per group was allowed as the
acceptance number.  Due to the reduced sample size for the Quality Conformance
Ingpection testing comparved to the First Arvticle Testing, the life test boards
were modified to aceept three parallel groups of two devices each, rather than
the configuration detailed in Figure 4, 3-3. This minimized the test atfect of
the test board as detailed in the discussion in Section 4. 8. 3. 5.

5.2.2 Precap and Final Electrical Data

As can be seen in Figure 5.1-3, cleaned die are attached to a prepared
header, wire bonded, and subjected to precap electrical tune and test. Devices
which could not be tuned into specification were rejected at this point. A sum-
mary of the fatlures for devices which could not be tuned into specification s de-
tailed in Table 5,2-4. Dash entries indicate no devices exhibiting this failure

PO,
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2 TABLE 5.2-1., GROUP A INSPECTION FOR PILOT PRODUCTION

Requirement Paragraph Method Paragraph

~_ Examination or Test Appendix IX, Vol 3 Appendix IX, Vol 3

Subgroup I

Marking 3.16.1

Adhesion of metallic film 3.2.1.2 4.6.2

Short circuit 3.9 4.,6.8

Visual inspection 3.2.4.1, 3.17 4,6.1

Subgroup I

Visual (magnification 20X) 3.2.4.2, 3.17 4.6.1.2 ¥

Marking 3.16,2 s

Hermetic seal 3.6 4.6.5 H

Strip lead (lead integrity) 3.5.1,2 4.6.4.2 }

Internal wire bonding (lead integrity) 3.5.2 4.6.4.1 £
§

TABLE 5,2-2, GROUP B INSPECTION FOR PILOT PRODUCTION

oy e —_—

Requirement Paragraph Method Paragraph

A g

mode, or subsequent tests were not performed after the part failed step follow-

ing electrical tune and test. Data on devices which could not be tuned into speci-

fication was not recorded. Note that the majority of device failures resulted from
either insertion loss or VSWR. Devices which were tuned into specification limits
were assigned a serial number, electrical data recorded, and toroids ruggedized
using RTV. The data for each of the individual devices passing the precap tost :
sequence can be seen in Appendices XIV through XXV by device type. ’

Examination or Test Appendix IX, Vol 3 Appendix IX, Vol 3

Electrical Characteristics
Center frequency of operation 3.10.1, 3.10.1.1, 4.6.9 .
3.,10.1,2, 3,10.1,3
Bandwidth 3,10.2, 3.10.2.1, 4,6,9 :
3.10.2.2, 3.10,2.3 .
Time delay 3.10,3, 3.10,3.1, 4,6.9
3.10.3.2, 3.10.3.3 i
Time-bandeth p!‘Odl.lOt 30 10. 4. 3. 10. 4. 1' 4. 6' 9 é
31042.3.1043 ;
Insertion loss 3.10.5, 3.10.5,1, ' 4,6.9 t
3105.2,31053 :
Time-sidelobe suppression level 3.10.6, 3.10.6.1, 4.6.9 S
3.10.6.2, 3.10,6.3 :
Feedthrough suppression 3.10.7 4.6.9 ¥
Spurious echo suppression 3.10.8 4.6.9 2
! Voltage standing wave ratio (VSWR) 3.10.9 4.6.9 i
!
i
i’
|
i

s > ey W

Followlng precap visual inspection, all devices were then vacuum baked at =
126° C for two hours, transported into a dry nitrogen chamber, and hermetically "
sealed at atmospheric pressure, [ As will be mentioned in Section 5.3.0, a '
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TABLE 5.2-3. GROUP C INSPECTION FOR PILOT PRODUCTION
e L
Requirement Paragraph Test Paragraph
Examination or Test Appendix IX, Vol 3 Appendix IX, Vol 3
Subgroup I
High temperature storage 3.11 4,6, 10
Short circuit 3.9 4.6, 8
Hermetic seal 3.6 4,6,5
Short circuit 3.9 4.6.8
Subgroup I
Solderability 3.8 4,6,7
Life 3. 15 4,6, 14
Electrical characteristics 3. 10 4,6.9
Subgroup III
Vibration 3.13 4,6,12
Short circuit 3.9 4,6.8 {
Shock 3. 12 4,6.11 ]
Short circuit 3.9 4,6.8
Thermal shock (10 cycles) 3.7 4.6.6
Short circuit 3.9 4,6.8
Moisture resistance 3. 14 4,6.13
Electrical characteristics 3.10 4,6.9
TABLE 5.2-4, PRECAP ELECTRICAL TUNING AND QC INSPECTION
REJECTION PERCENTAGES y
BP-Q BP-LN PC-Q PC-LN TDL-;OO TDL-200 {
fo ~— ~— NA NA L e §
K - 1.2 NA NA NA NA §
Sgl - "’"'“ E T L N —— '
VSWR 10.2 1.5 --- 2,2 3.7 i
Handling 0.4 2.7 3.1 —~— 0.4 -—-
Damage
Other —— 0. 31 ——— ——— --- - !
— IS AR SRR S R R S !
l'l‘orold damage ~ tuning.
NA indicates the corresponding test was not performed per rationale detatled
in S(‘Ctlon 30 3. o. }
Shaded area indicates tests performed in the time domain,
5-14
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change was made during the pilot run from the solder sealing procedure detailed
in Section 4. 1,0 to a projection welding seal approach.] Parts were then her-
metically tested, marked, and subjected to the in-process final clectrical test.
The in-process final electrical test data on devices passing hermeticity test can
be secen in Appendices XIV through XXV by device type. Note that an additional,
large percentage of devices failed the in-process final electrical test. These
failures are summarized in Table 5.2-56, and were primarily insertion loss and
VSWR. Dash entries in the table indicate no devices exhibiting this failure mode, ]
or subsequent tests were not performed after the part failed. The only environ-
ments to which these parts had been exposed were the toroid ruggedizing opera-
tion (in which the colls of the toroid are potted in RTV), the heating and vacuum i
exposure associated with hermetic sealing, and the hermeticity test which in- i
volves a helium bomb exposure and submersion in 125° C Freon. '

5.2.3 Group B and C Test Data

After final electrical test, Group B inspection was performed on parts as
they exited in-process final electrical test to sampling level S-4, defined in
MIL-STD-105. This test consisted of a duplication of the final electrical test.
Samples were drawn on a weekly basis, and were pulled by each device type.
All parts were then acoumulated until quantities were amassed which were suf-
ficient to meet the delivery requirements of the pilot production. The samples
for Group C testing were then pulled (six each for Subgroup II and Subgroup I/IX
respectively) and subjected to the testing detailed in Table 5.2-3,

TABLE 5.2-5, FINAL ELECTRICAL TEST AND QC INSPECTION
REJECTION PERCENTAGES
BP-Q BP-LN PC-Q | PC-LN | TDL-100 | TDL-200
fo - ——- NA NA - —
N 3.9 2.0 NA NA NA NA
Lins 2.2 1.0 0.6 1.8 1.2 4.4
Ssl --= --= A8 ] e oo | “ae j
Stt EN B B B “1
Sspur e N I i R
VSWR 2.6% 0.6 7.2 9.4 ;
Other ~—- -m- -—- 0.6} - 0.62
5.62 9
I G S { . R ‘
;Tmnsducer shorted i
sPlns clipped f
Also fafled St — not counted “
NA indicates the corresponding test was not performed poer the rationale 1
; detailed in Section 3,3,0,
Shaded arca indicates tests performeoed in the time domain, ‘




‘There were no failures for the samples pulled for Group B testing. How-
ever, the Group C electrical data summarized in Appendix XXVI indicates fail-
ure of one PC-Q device after exposure to life testing. The failure mode of this
device was an output VSWR failure. No other device failures were noted for
Group C test. However, substantial changes in some device parameters were
noted between the in-process final electrical and post Group C electrical data.
A summary of these changes can be seen in Table 5.2-6. VSWR data was not
recorded per the discussion in Section 5.2.1. Changes noted in Table 5.2-6 are
on the order of measurement error for center frequency, fo, and bandwidth,

.+, for all device types (on the order of tenths of a dB and hundredths of a
megahertz), However, all parameters measured in the time domaiu (Ling for
TDL-100 and TDL-200; Sg] for PC and TDL devices; and Sft and Sgp fer all
device types — see Table 5.2-7) showed substantial changes from one to fourteen
dB, with the shift from the initial value occurring in no predictable direction.
These drifts are considerably in excess of measurement error, and must be
considered indicative changes for the environmental exposures of Group C,
Subgroup 11 and Subgroup 1/1I1 testing.

5.,2,4 Discussion of Flectrical Test Data

As can be seen from Table 5,2-4 the device with the lowest yields at pre-
cap electrical test was the BP-LN device, The most predominant failure modes
for this device were VSWR and insertion loss, This device required tuning for
these parameters by adjusting toroids and scribing MSC lines and/or resistor
taps, An analysis of the precap lot date codes in Appendices XIV through XXVI
indicates that this device was the first to enter the production line (see Table
5,2-8), and it seems understandable that the technician required considerable
learning to establish a tuning procedure. It does appear, however, that the
VSWR and insertion loss parameters are consistent loss points for all other de-
vice types, although the losses for these parameters are in the range between
0.4 and 10, 2 percent, It is not felt that the precap yield losses for the other
electrical parameters or visual inspections was excessive for devices of this
complexity. losses for all other reasons combined ranged from 0.4 to
7.8 percent, This is especially true when the design tradeoff between insertion
loss and VSWR noted in Volume II of the Final Report is considered.

Although the electrical test yields for precap electricals summarized in
Table 5,2~4 are felt to be reasonable, the additional yield losses due to out of
specification electrical paramaters at final electrical test represented in Table
5,2-5 are felt to be unacceptable, This is especially true for the BP-Q and
BP-LN devices, where an additional 25 percent of the parts fell out of specifica-
tion after exposure to the toroid ruggedizing, vacuum bake, and package seal
operation with the associated thermal exposur~s, (Note that these electrical
tests were performed only on the parts passing hermeticity test.) The high losses
for the BP-Q and BP-LN devices are explicable in that these were the first
devices through the line, and the test technician applied RTV through the center
of the toruid core to pot the coils, Although the parts were tuned while the RTV
was uncured, the dielectric loss and dielectric constant of the RTV probably
changed quite drastically during the curing process, Any thermal exposure
would exacerbate this condition, When the RTV was applied to the outside of the
toroid coils only on the remainder of the devices for the pilot production, the
vield losses due to VSWR at this electrical test can b~ seen to improve by a
factor of two in Table 5,2-5, It can be scen that additional losses were still
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TABLE 5,.2-7, PILOT PRODUCTION DEVICE TEST SUMMARY MATRIX
—_ o e e e

Device Electrical Parameter

Type | fo | BW | Lims | Sa St Ssp | VSWR | « [ rx

BP-Q F.D. | F.D. | F.D. | F.D.
BP-LN | F.D. | F.D. | F.D.
PCQ N/A | N/A | F.D.
PC-IN | N/A | N/A | F.D.

; TDL-100| T.D. N/A

TDL-200| T.D. N/A

F.D, Frequency Domain
T.D. - Time Domain
N/A - Parameter is transmitted signal dependent or is determined by the
photomask, and was therefore not measured (see Section 3. 3. 0)

TABLE 5,2-8. PILOT PRODUCTION LDC SUMMARY

Precap LDC* Final LDC*
BP-LN 4/28/17-6/5/78 5/5/78 — 7/24/78
BP-Q 8/29/77 - 5/26/78 5/8/78 — 7/26/78
PC-Q 10/14/77 - 6/6/178 12/16/77 — 7/25/78
PC-LN 12/18/77 - 5/17/78 3/24/718 = 1/25/18
TDL=-100 11/9/77-5/31/78 3/27/,78 - 6/8/78
TDL-200 2/17/78 - 6/9/18 3/7/18 —1/26/18

*LDC = Lot Date Code
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incurred at this test point, notably the insertion loss and bandwidth
parameter. As can be deduced from the small change in parameter values
resulting from the long term thermal exposure of time domain parameters

for Group C testing, Lins and 8 should not be effected by the vacuum bake
and package seal/thermal exposure. This drift must therefore be associ-
ated with the RTV curing after ruggedizing and/or some other effect
resulting from the vacuum bake operation. The changes noted for the

time domain tested parameters are understandable in light of the pronounced
changes noted in Table 5.2-6 for Group C testing with concomitant thermal
exposures.

Group B testing was performed on a sample basis, and is essentially a re-
peat of the in~process final electrical test, with no intermediate environm~ntal
exposure other than ambient laboratory conditions, Since the parts are hermetic,
no changes were expected or detected,

The electrical data recorded during Group C testing in Table 5,2-6 is in-
dicative of the device drift during environmental testing, There is no apparent
distinction in the percentage change noted for the individual devices between
Group II and Group I/III testing. This fact would appear to suggest that
the high temperature exposure and applied electrical stress are the factors
responsible for device drift, rather than the mechanical and/or thermal
shock environment. It should be noted that none of the devices drifted
out of specification. However, changes as substantial as the 10 dB
decrease in feedthrough suppression for the BP-Q devices would be of
concern for some device applications. (A major contribution to changes in
feedthrough would be expected from the toroids, due to aging of the core
material as outlined in Appendix X, Volume II1.) It does appear from the
data that parameters most sensitive to thermal exposure were measured in
the time domain, since those parameters measured in the frequency domain
showed very small changes. This has obvious implications for applications
where time domain effects are of importance. An explanation for the pro-
nounced feedthrough suppression changes noted for all device designs is
even less tangible when viewed in light of the changes noted for the PC-LN
(zero to -3 dB changes from the initial value). This device has no toroids,
or discrete tuning elements. Also, the RTV on the crystal ends has no
effect on feedthrough suppression. These observations imply that this
degradation must be a result of some change in the metallization. Metal-
lization effects would manifest themselves in two ways — changes in sheet
resistivity and/or an increase in the acoustic reflections due to the mass
loading changes resulting from metallization oxidation. The former would
be more pronounced for the thinner metallization devices, although both
variations are not independent of one another,

Metallization variations of this nature which occur during thermal aging
could also be invoked to explain the changes noted in sidelobe and spurious
suppression. Sidelobe suppression changes would be manifested in a manner
similar to those changes noted between Phases I and II on the TDI, devices
(see Section 2.3.2.1, Volume 2). Spurious suppression changes would be
made worse due to an increase in triple transit reflections. Another con-
tribution to spurious suppression could result from changes in the RTV
during thermal aging, resulting in a reduction in the acoustic absorbance
of the RTV with a concomitant increase in end reflections.

B s




Metallization aging effects could be utilized to explain the changes in
insertion loss noted for the tap delay lines. An example of this variation
of sheet resistivity was the insertion loss drop for the BP-LN devices in
Phase 111 (see Figures 5.2-1 and 5.2-2). The insertion loss for a constant
deposition thickness decreased with a decrease in sheet resistivity, Similarly,
if the sheet resistivity of the metallization were to increase, the insertion loss
would increase, and vice versa, Both increases and decreases in metallization
sheet resistivity would be required to explain the insertion loss changes noted
for the TDL devices in Table 5,2-6, Metallization sheet resistivity increases
are easily explicable by aging phenomena, but decreases are not, These obser-
vations, coupled with the lack of an accompanying shift in center frequency for
the TDL devices, would indicate that metallization aging phenomena cannot
entirely explain the insertion loss drift, although the toroid on these devices
could be a contributing factor,

5.2.5 Device Yield Data and Discussion

The Precap and Final electrical yield data summarized in Table 5. 2-9 has
been presented in Section 5.2.2 and discussed in Section 5. 2.4. Device yields
at the remaining process steps are detailed in Appendix XXVII and summarized
in Table 5.2-9, Shaded areas in the table indicate those process steps where
problems were incurred, which will be discussed in the following paragraphs.
Roman numerals in the table correspond to those sections in Appendix XXVII.
Section 1 consisted of a gross inspection of the wafer at 30X for scratches
and macroscopic flaws. Metallization thickness was also measured here,
and a 250X magnification inspection of the center and four corners of the
wafer for line width control was performed. Unusual problems encountered
at this process step were 11% failures on the BP-Q devices due to scratches
incurred during the wafer probe experiment which will be discussed in
Section 5.3.0. The TDL-100 devices also suffered a 7% rejection of wafers
due to overetching, which was incurred as a result of operator training.
Section II consisted of an inspection of the individual die on the wafer to
the inspection criteria of Table 4.3-4. No peculiarities were noted at this
process step other than the opens and shorts incurred as a result of the
introduction of particulates onto the surface of the wafer during proces:
sing. an example of which was presented in Figure 5.1.1.

Section 11l of Appendix XXVII consists of the rejections incurred as a
result of the dicing operation. Individual die were diced cleaned. and
inspected at 250X for chip-outs, metallization scratches incurred in the
cleaning operation. and shorts or opens. Excess chipping (14.1% rejects)
was noted on the BP-Q devices as a result of the "streets" on the mask
being too narrow for the diamond blade width used to dice the wafers.
Problems were also incurred with the PC-LN devices due to breakdown of
the protective coating of resist on the wafer during the dicing operation.
Also, an insoluble residue was found contaminating the surface of some of
the PC-LN devices. This material was interpreted to have formed from
the adhesive backed tape used to hold the lithium niobate wafers during
the dicing operation. A process change in which the lithium niobate wafers
were held to the glass backing plate with optical pitch eliminated this
problem,

i kel .




HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

O
N
"
-
ot
o
o
1.7 b=
1.6 be
ALUMINUM RESISTIVITY
15 L VERSUS THICKNESS 4-POINT
PROBE
19 Lo (® ORIGINAL DATA CIRCA 1975
R&D EVAPORATOR
E NEW DATA 12-76 PRODUCTION
L3 - EVAPORATOR
1.2
1.1
- 1.0
q
)
z 0.9
»
s
> 0.8
b
v
w 0.7
w
-3

' PREMISSIBLE
i | L.
N 0.1 p—

] ][ ] 1 | ] | J | L ! L | l
02 04 06 08 10 12 14 16 18 20 22 24 26 28 3.0 32 3.4 36

THICKNESS (KA)

Figure 5.2-1. Resistivity of Electron Beam Evaporated Aluminum

e

e e

L

5-21




H\l'e
SPEUCT CATION
19 LAOWE R LN
e o —— —— —— —— — —— — o — —— —— —— — — — —

N
°
w
» 18 )=
<
l
-
<
-
3
w
w
= 1’

16 P

A A L . e
1000 1200 1400 100 1800

METALLIZATION THICKNESS U.\)

or-11426

Figure 5.2.2. lnsertion loss as a Function of Metallization Thickness tor Pilot Production BP-LN
Devices.  Error bars indicace che span of measured data for one evaporation run. A 5% average
thickness variation was measured across one cvaporation run.  Measurement accuracy was + 50 A,
according to the protilometer manutacturer.

BERTPET M TR X v



HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

TABLE 5,.2-9, PILOT PRODUCTION YIELD (%) SUMMARY b
N | Device Type “ %
Appendix XXVII T e B
Designation Process Description |BP-Q|BP-LN|PC-Q |PC-LN TDL-lO(ﬂTl)L-‘.’.OO U
I+11 Wafer Photolithography/| § 71.51 67.3 89.06 } 68.0 5
1 Post Die Inspection 91.3} 62.2 86.9 ’ 8], ‘

v Die Mount, Bond 88.0] 95.7 | o7.8 | o¢.v

- Package Prep. 90.0, 90.0 | 90.01{ 90.0 90.0 ; 90.0

% Precap Electrical 97.5} ! 92.5 03,1

Vi Precap QC at g 98.6 100.0

8 Seal, Leak Test 90.0{ 90.0 | 8.1 88.5 | 8.7 | 7.8

VIII Final Elect/QC 67.6f (1.3 95.6 | 90.7 91.6 85.86
;

Section IV consisted of an in-process inspection to the requirements
of Appendix XII at 30X. Problems were encountered with the PC-Q devices ¥
due to improper mounting of the die on the header (11.8% rejects). This ;
matter was caused by an incorrect mechanical drawing. Package prepara-
tion consisted of mounting of the grounding wires, toroids and moly tabs
using hand soldering techniques. As was mentioned in Section 3.4.3,
Volume 1II, this was a delicate process which required careful technique
on the part of the operator. A ten percent loss was experienced on all
header types as a result of wicking of solder on to the top surface of the
pin.

‘?-"

e

; Section VI consisted of a QA inspection to the same requirements as
Section IV. The only problems encountered here were scratches in the
metallization resulting from the tune and test operation. Rejects in this
section ran from 0.4 to 1.4 percent.

i v e -y w——— e -

e G

Section VII suffered numerous failures, the majority of which were }
hermeticity rejects. The detail of failures at this process step can be ‘.
seen in Table 5.2.10. The high reject rate of the PC-Q devices was of
concern during the pilot run, and caused an evaluation of projection
welding to be performed. The header design used for these devices
could also be projection welded due to the configuration noted in Fig- ' §
ure 4.1~2. As a result, an evaluation of the projection weld =ealing of '
this package was performed with promising results. The balance of the
pilot run devices were sealed with this approach. As can be inferred
from Table 5.2-10, the reject rate was decreased markedly for this device
tvpe. As can be seen in Table 5.2-8, PC-LN devices were tabricated in
this same time frame. but the hermeticity reject rate was not changed




TARLE 5,2-10, PERCENTAGE FAILURES AT SEAL, MARK AND
LEAK TEST BY FAILURE CATEGORY

Header Type
'l‘l“é&l‘.’l . TE20117
B 1IN BP-Q ] PC-IN PC-Q TDIL 200 TDI, 100
Solder Seal 4.8 3.0 4.9 24.0 20.4 19.3
Proj. Weld 5.2 6.5 3.3 0.5 None None
| Glass Bead - 3.3 -
’, Visual Reject 0.4 | - 0.5 :
iE Unsealed 0.8 13.4 - 0.9
i Total Loss 10.0 { 9.9 W 11.5 25.0 20,4 19.3
‘ drastically by going to this package sealing approach. The BP Q devices
g had mechanieal layouts which were identical to the BP LN and PC Q

devices (See Figure 3.2-9, Volume 3). As a result, the only explanation

3 of the higher reject rate for this device type can be faflures which

resulted from the plating lot for these packages. If the tin plating thick
ness was nsulficiont, dewotting would oceur loeally, causing a hermeticity
reject. Note that the TDL headers suffered a similarly high reject rate
2004 and 19,3 pereent, respectively. It would appear that average vields
of 95% can be expected from an optimized sealing process, However, the
hand soldering approach can be seen to glve sporadic results. This (aet,
when viewed with the high loss at final clectrical test for some device types,
must be interpreted as a condemnation of the hand soldering approach to
package sealing. It should be noted that the reject rates at final elected
el test cannot always be correlated with the sealing approach, but a con
tribution to final eleetrical faflures may be present, due to the high thermal
exposure of the hand sotdering operation when compared with the projec
tion weld sealing approach. The large package types used on the TDL
devices cannot be scaled using projection welding. however., As a rvesult,
an alternative approach must be recommended for the large device types,
such as seoam sealing.

5.2.6 Material Required for the Pilot Production

Using the data in Appondix XXVII, the material required for the
pilot production can be seen in ‘able 5.2- 11 by device type.  The only
item of note here is the doubling of material use incurred for the TDI,
devices, which obviously relates to the erystal size for these devices
when compared with the other device types. Total material for the !
pilot production of all six device types can be seen in Table 5,212, H
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TABLE 5.2-11. MATERIAL REQUIRED FOR PILOT PRODUCTION
BY DEVICE TYPE

— - 1 .
BP-Q |HP-LN | PC-Q W PC-LN 1 'TDL-100 | TDL- 200
—_—— e . - B R b~ Caen .-
Substrate - ST Quartz 18 - 24 - 43 a
YZLleO3 - 15 ~ t :
Header - TEF20221 236 333 297 207 ~
TF20117 - - - 8 232 223
LID - TF20216 230 249 2113 182 -
TF2011B-175 - - : - 207 201
Input Toroid TI16-6 236 333 297 - 232
T16-10 - - - : 223
Output Toroid - T16-6 236 333 297
Moly Tabs - o —-“-_m;l}f _

TABLE 5.2-12. TOTAL MATERIAL REQUIRED FOR
PILOT PRODUCTION

e e e e

Material Quantity W Unit
ST Quartz (substrates) 116 en
YZ LiNbL)3 (substrates) 26 ea
TF20221 (Header) 1,073 ea
TF20216 (Lid) B74 ca
TF20117 (Header) 455 en
TF20118-175 (LAd) 108 on
T16 6 1,94 on
T16 10 223 oa
Moly Tabs 414 oa
Diamond Blades 50 el
Gold Wire 125 f't
32 AWG Wire 100 {'t
Snéd Solder 2 b
Aluminum (99.99%) 500 gms
Acetone 5 gal
Chromic Acid 5 wal
Nitric Acid 5 gal
Phosphorice Acid ] gal
Alcohol 5 pal




5.2.7 Pilot Production Device Cost

Device yields detailed in Section 5.2.5 and labor per process step
detailed in Section 5.1.3 were used as inputs to a reverse cumulative
pricing program to calculate the device material and labor costs outlined
in Table 5.2-13. Labor and material costs utilized in the program were
updated to reflect third quarter, 1979 rates. The costs given in
Table 5.2-13 are manufacturing cost level (MCL), and do not include
profit, general and administrative, or cost of money expenses. The major
cost items for material are packages and crystal substrates. Purchase
order costs of the package and die crystal material (i.e. unburdened)
are detailed in the table. Die costs were obtained by dividing the third
quarter, 1979, wafer cost by the number of die obtainable from one wafer.
These unyielded material costs allow the deduction of the cost of material
which is lost as a result of process yields. Material costs for the devices
ranged from 36% of MCL cost for the BP-LN to 49% of MCL cost for the
TDIL's. These differences result from the cheaper package of the BP-LN,
and the differences in die sizes.

The discussions in Sections 5.2.4 and 5.2.5 imply that the learning
which occurred during the pilot production was quite significant. As a
result, the labor and material cost which was incurred during the pilot
production was higher than that which would be experienced for long
production runs of one device type -- one to two thousand parts rather
than the 150 quantity built for the pilot production. Using the assumed
improvements in yields outlined in Table 5.2, 14, device costs were recal-
culated using the same labor rates and material costs. MCL cost improve-
ments ranged from $6.92 for the PC-LN to $44.88 for the BP-Q. Larger
production runs would have an additional cost savings resulting from
large volume procurement. This savings is estimated to range from 10%
of the improved MCL for the BP-Q devices to 13% of the improved MCL for
the TDI devices, yielding an anticipated device MCL cost from $79.68 for
the BP-Q to $115,25 for the TDL-200.

5.3.0 MATERIALS AND PROCESSING CONSIDERATIONS

This section will be divided into four segments. The first will
discuss differences in the sheet resistivity of aluminum films deposited in
two different evaporators and its effect on electrical parameters. The
second subsection will detail analyses performed to elucidate changes
noted between precap and final electrical data. The third will discuss
tradeoffs encountered in the change of package sealing processes. Sub-
section four will detail the capacitance probe evaluation which was per-
formed to determine feasibility of elimination of the visual inspection.

5.3.1 As-Deposited Metallization Resistivity Differerces

It was noted in Figures §.2.1 and 5.2.2 that different sheet
resistivities were obtained for the same thickness deposited film between
the evaporators in the prototype and production areas. The prototype
evaporator did not use a rate monitor during the metallization deposition,
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TABLE 5.2-14. YIELD CHANGES UTILIZED TO
CALCULATE IMPROVED DEVICE COST

1 Pilot
' Device Production Improved
Type Process Step Yields (%) Yields (%)
BP-Q Final Electrical 68 97
Seal 61 97
Wafer Yield 37 59
BP-LN Wafer Inspection 75 85
Final Electrical 71 90
Wafer Yield 44 58
Seal 63 81
PC-Q Tune & Test 82 85
1 Leak Test 74 85
i Wafer Yield 40.8 53
' Wafer Inspection 72 75
PR Coat /Mount 90 95
Seal 72 83
PC-LN Wafer Yield 33 47
Water Inspection 67 75
Metal Thickness 82 95
TDL-100 Leak Test 80 85
Wafer Yield 37.4 52
Wafer Inspection 69 75
Metal Thickness 90 100
Die Clean 86 91
Seal 73 98
TDL-200 Wafer Inspection 68 75
Metal Thickness 90 95
Die Clean 88 91
Seal 68 78

As a result the evaporation rate is unknown, and probably varies during the
deposition cycle. The approach used in the production area made use of an
Imficon XMS-1 deposition controller, which allows the programming of the
parameters outlined in Figure 5,3-1. The control of deposition rate allows
control of the amount of oxygen incorporated into the film, with subsequent
control of the film sheet resistivity, The deposition rate differences probably
accoounted for the sheet resistivity variations, Note in Figure 5,2~1 that the
thinner film sheet resistivities (less than 1,000 A) for the production evaporator
using the Imficon controller are easier to control due to the lower slope of the
resistivity vs thickness curve. This would have the effect of narrowing the crror
bands in Figure 5.2.2 for a constant metallization thickness. An additional con-
tribution to the resistivity changes in the prorotype evaporator would result from
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THICKNESS 1
THICKNESS 2

- 720 A
® 10 Assec

POWER (%)

0.4

L_RISE | SOAK 1 I SOAK 2 I RATE CONTROLLED DURATION |

TIME (MINUTES)

OTHER DEPOSITION
PARAMETERS:

Figure 5.3-1. Sample Deposition Run
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the fact that the evaporator was not pumped continuously, This would have the
effect of increasing the background oxygen partial pressure during deposition
due to the walls of the vacuum chamber outgassing, which would degrade the
situation depicted in Figure 5,2-1,

5.3.2 Precap/Final Electrical Test Failures

In order to understand the dropout of devices between Precap and
Final electrical test detailed in Section 5.2.4, a residual gas analysis
was performed on two devices using Method 1018 of Mil Std 883B. This
type of test places the part to be analyzed in a vacuum chamber main-
tained at 100°C. The package is ruptured with a needle attached to a
vacuum feedthrough, and the internal atmosphere vented into a mass
spectrometer through a fixed orifice. A mass scan is then performed
over the 1 to 500 amu range. Analysis of the spectra is then performed
and the internal atmosphere interpreted. No unusual contaminants were
detected in the devices tested, indicating that the electrical changes
noted in section 5.2.4 must result from aging of the toroids or metal-
lization rather than contamination of the transducers from some outgas-
sing element in the package.

5.3.3 Package Sealing

Low hermeticity yields detailed in Figure 5.2-10 caused an examina-
tion of alternative sealing procedures other than the hand soldering
approach. Since the Tekform 20221 header had been designed for pro-
jection welding or solder sealing, the projection welder approach had the
benefit of not requiring a package redesign, with a reorder of packages
quoted to be sixteen weeks. Projection weld package designs were
depicted schematically in Figure 4.1-2. This technique utilizes the
electrodes depicted in Figure 5.3-2. These electrodes are mounted in
a hydraulic ram which compresses the weld projection into the lid.

Once the initial pressure is applied (nominally 500 pounds force per
lineal inch of seal perimeter), a current pulse is applied to preheat the
weld area. The weld pulse is then applied which is nominally 50 kilo-
amperes for 50 milliseconds. During the weld time the projection and
lid become molten in the area of contact. The ram is maintaining a
constant force on the electrodes, and this causes the molten material
to be expelled from the interface area. Cross sections of typical pack-
ages can be seen in Figure 5.3-3. Note the expelled material. If the
ram force is too high, the entire projection collapses and/or weld
splatter is created internal to the package. The situation in Fig-

ure 5.3-3 is ideal from a weld schedule standpoint. Expulsion was a
problem on the solder plated packages, and some shorted parts were
found after the sealing process. Packages were available from another
program which were gold plated, and the problem diminished. The weld
schedule used for this package can be seen in Figure 5.3-4. A review
of the schedule development procedures has been published by

J. W. Denison of Martin Marietta.l Another problem with projection

1J.W. Denison, "Projection Weld Sealing of Microcircuit Packages",
Electronic Packnging and Production, July, 1973, pp. 66-82,
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Electrodes With Alignment Tool in Perspective
8
°
0
:
Electrodes With Header and Lid in Perspective ;
Figure 5.3-2. Photograph of Projection Weld Electrodes Utilized to Seal the TEKFORM 20221 ;

Header R
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CROSS SECTION OF WELD AREA ON A TF20221 PACKAGE. RAM FORCE
= 1600 LBS, HEAT SETTING 95%, TAP 3, HIGH POSITION. 75X.

: S3e I . ‘ LY
HIGH MAGNIFICATION OF AREAS INDICATED BY ARROWS. 275X.

Figure 5.3 3. Cross Section of the Projection Weld Arca on g
TEKFORM 20221 Pachage
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welded hermeticity failures was encountered on the pilot production.
Upon decapping the failed parts, solder was noted on the package lid
in the vicinity of the leak area. See Figure 5.3-5. Since the lid does
not see temperatures high enough to reflow solder normally, it appears
that the wire used to ground the pin came into contact with the lid
during the package sealing cycle. The soldered lead served as a cur-
rent shunt, causing cold welding in the area and launching solder into
the package cavity. The soldered lead was excluded from the seal
area, and the problem disappeared. Sesling yields for the projection
welded package were typically 95% after the initial problems were
resolved. It should be noted that a device for another program had a
soldered toroid lead/pad interface which was floating with respect to
ground, and was in close proximity to the lid. This solder joint was
reflowing during the seal operation. The cause is not understood at
this time, since the voltage is very low in a projection weld cycle.
However, current application rates of 106 amperes/second can induce
substantial eddy currents in the package which might cause the toroid
to act as the secondary element in a transformer producing field
strengths high enough to arc to the package walls. Impingement of the
arc on the soldered pad would cause the reflow noted. Grounding of
the input pin during sealing should cure this problem. It should also
be noted that the use of septums in this type of package can cause
similar current shunting problems with concomitant low hermeticity
vields.

As was mentioned in Section 5.1.1, a survey was made to determine
the cost of installing a projection welder. A breakdown of some of the
tradeoffs involved with the various sealing equipment can be seen in
Table 5.3-1.

5.3.4 Capacitance Probing of Wafers

A modification of the contract was generated in October, 1976, to
explore the feasibility of replacing the wafer visual inspection by an
automated probing procedure. Operational tests were felt to be unfavor-
able because of the requirement to tailor a test procedure for each
device type. In addition, insertion loss variations due to probe contact
resistance, and anomalies resulting from the high feedthrough due to the
probe card were felt to be detrimental to this approach. It was felt
that the approach detailed in Figure 5.3-6 showed promise. The program
in Appendix XXVIII was generated to drive an Electroglass automated
probe station which interfaced with a Fairchild Sentry 610 system,
Representative wafers of BP-Q and BP-LN devices were probed using
this approach. The capacitance data can be seen in Appendices XIX
and XXX. After the probing operation was complete, the devices were
visually inspected to the requirements of Table 4.3-4. These require-
ments had previously been determined to correlate with electrical
failures. Typical data can be seen in Table §.3-2 for a BP-Q wafer,
The shaded areas indicate either visual rejectable die per Table 4.3-4,
or capacitance probe failures. The failure modes are summarized in
Table 5.3-3.

- a .
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TABLE 5.3-1.

package with 4,300 1b force during welding.
fusion welding techniques is impossible.
6. Recommended schedule for lid weld from SSEC,

COMPARATIVE COSTS/SPECIFICATIONS
Resistance Welders Fusion Welding Techniques
TIG e-Beam
Seam Projection Pulsed D.C Pulsed |D.C.
Taylor EBW
Vendor ssec Winfield Dimetrics CPI 300
3
Capital Cost New $16.5K $40K $6K $15K $68K
High 18 in. 82 in. 18 in. 42 in. 68 in.
Size Wide 18 in. 60 in. 18 in. 36 in. 80 in.
) Deep 24 in. 55 in. 24 in. 36 in. 57 in.
Weight 100 5,000 50 500 3,500
6 gpm 2 gpm
Cooling Water None @ 20 psi None None @ 20 psi
60°F T0°F max
Air 80 psi 80 psi None None 80-125 psi
110V 208V 110V 220V 240V
Input Power 19 60 Hz 1960 Hz | 19 60 Hz 39060 Hz| 3¢ 60 Hz
30A 400A 20A 30A/ 25A/
Output Open Circuit 80V 60V -80V 60V 60 kV
Power -V- 1000A 96,000A 70A 100A 50 mA
Current 2.0 kW 1,200 kW | 1.4 kW 2.0 kW 3,000 kW
Max
Power
Tooling Cost/Pkg Type $230 $325 Note 2 Note 2 | Note 2
1 1 1
Max. Seal Length 2 in. x 2 in. 7 lineal No Limit No Limit | No Limit
(Kovar) in.
4
Turnaround/Cycle 2 min 2 min 5 min 5 min 90 min
Max. No. Parts/Cycle 1 1 1 1 12
Total Package Energy 6 5
Input for Typical 1,200 J/in. 8,400 J/in{ 200 J/in, 800 J/in.} 100 J/in.
Sealing Schedule
1. Seal size limitations of these techniques are limited by tooling to maintain mechanical |
tblerances. EBW should be the best, due to the beam depth of focus. i
2. Cost for a microcomputer controlled tool which would handle all package aspect ratios '
will be $20K. f
3. Does not include dry box, vacuum oven or similar peripherals. i
4. EBW vacuum bake must be integrated into turnaround cycle, ! .
5. Projection welded packages are surrounded by massive heat sinks (tooling) held to the .
Therefore comparison of energy inputs with [
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CONSTANT .
weoomax APERTURE max
) 3
LS
UNAPODIZED TRANS
APQDIZE D t RANSDUCER z R DUCER
N CT N Cs N wmax
- w, 3
Cy- ¢, = - 4
T s Do w“ F
nax o
. TRANSDUCER CAPACITANCE t
w, ~ WIDTH OF it ELECTRODE APERTURE
4 Winax © MAXIMUM WIDTH OF ARRAY APERTURE = W AT i = 0 .
c : MAXIMUM APERTURE CAPACITANCE PER PERIODIC }

SECTION WHICH IS A MEASURED VALUE FROM
PREVIOUSLY DESIGNED TRANSDUCERS

(A) THEORETICAL ORIGIN OF CAPACITANCE MEASUREMENT.
(TYPICAL ELECTRICAL PARAMETERS)

PROBE CRITERIA
ACCEPT:

HPA DIRECT
READING € < Cineor © Cnom
CAPACITANCE

BRIDGE REJECT.
c<C (OPEN)

SINGLE DIE C>0 (SHORT}

(B) MANUAL PROBE TECHNIQUE

HPA
3 SWITCH FOR DIRECT PROBE CRITERIA 3
ADDRESSING READING (SAME AS FOR
PAIRS CAPACITANCE MANUAL PROBE) .

D BRIDGE

PROBE HEAD L

WAKLR WITH (C) SEMIAUTOMATED PROBE TECHNIQUE
MUL TIPLE DIE 3

Figure 5.3-6. Capacitance Probe Mcasurement Test Schematic




TABLE 5.3-2. WAFER #6, LOT 51 BP-Q

_____ T
Column 1 2 3
Input Output Output Input Output
Row | 6.68 5.71
3-0 X
2 8.30 6.75 8.31 6.23
1/2-0 2-1/2-0 1/2-0 1/2-0
3 8.21 6.56 8.20 6.27
1/2-0 -1/2-0 1-1/2-0 1/2-0
4 8.15 8.02
1-1/2-0 3-1/2-0
5
6 8.12 6.40
X 3-1/2-0 X X
7 8.22 6.55 8.13 6.42
1-1/2-0 3-0 1-1/2-0 1-0
8 8.12 6.42 7.89 5.05
1-1/2-0 X 1-0 1-1/2-0
9 7.86 6.50 8.14 6.32 7.67 5.92
‘ 1-1/2_—0”1—1/2-0 1-0 X X X
99,89 7.57  5.81
e 2-0 1-0
11 6.17 4.68 5.96 4.28
1-0 2-0 X X
Notes: 1. This device utilized a double electrode design. The

"1/2" designation indicates one line of a finger to be
affected.

2. The symbol "0" indicates a visual open, "S" indicates
a visual short, "X" irdicates no flaws in the active

area.

It was noted that the capacitance values varied considerably for
visunlly acceptable transducers (4.28 to 8.3 pf for the wafer in
Table 5.3 2). This made the detection of excessive opens infeasible
neing capacitance measurement techniques.

4 ¢ values was felt to be approximately one percent.
1y to the probe contact cannot be evaluated.

+ « were calibrated out in the computer.

« < 1 1. this test approach detected shorts 5/5 times.

The measurement accuracy

However, effects

Lead and stray capaci-
As can be seen in
However, low

ivo toane e values were recorded and indicated three time failures,
‘rvay were visually acceptable.
*« t with the pad on these die.

In all likelihood, the probe was
This observation is supported
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TABLE 5,3-3. CAPACITANCE PROBE/VISUAL FAILURE SUMMARY

Visual Reject

Cap Probe 4
Open Short Reject M

Row Column I (o] | 0 1 (o] 3
1

1 2 X ‘,
1 3 A
2 2 X 3
:

3 2 X __
4 1 X X
5 1 X .
5 2 X -
5 3 X X X
6 1 X i
7 3 X §
8 1 X X
10 1 X X §
10 2 X X 1
11 2 | X '

Note: 1. Xindicates a failure of requisite criteria.
2. Shaded area indicates cap probe failure with no visual
flaws

by the fact that the probing station scratched and damaged many of the
pads, in some cases removing metal completely down to the crystal surface.
These types of problems could be eliminated. A more significant problem
relates to the fact that zero of nine visually rejectable opens were detected
using the capacitance measuring technique for the wafer in Table 5.3-3.
Use of the probing technique to detect shorts would therefore not eliminate

a visual inspection for all but the most defect tolerant designs,

|




5.4.0 CONCLUSIONS FROM PHASE IV

The Pilot Production line was fully implemented in Phase IV, with analyses
and presentation of all equipments, facilities, and equipment cost required for
the production line. Certain aspects of the production line were processed
using an unbalanced approach — notably the package seal, symbolization,
environmental testing, and leak testing. All batch processes and tests were
defined and developed prior to initiation of pilot production. Pilot production
was accomplished with the shipment of the following quantities of devices:

120 BP-Q, 144 BP-LN, 150 PC-Q, 146 PC-LN, 137 TDL-100, 150 TDL-200,
Some devices were shipped short due to a shortage of packages, with a pro-
hibitively long delivery time, Environmental testing was performed at the
sampling rates specified with no lot rejections, Yields at each process step

in the production were established, as were device material quantity and labor
per process step. These data were used to calculate the pilot production device
cost, Extrapolations of yields to higher production volumes were performed
and cost recalculated,

Substantial losses were noted due to electrical failures between precap
clectrical test and final electrical test. Additional losses were encountered
due to low hermeticity yields for some device types. Low hermeticity
yields caused a process change from hand soldering to projection welding,
with the limitations of both approaches elucidated. Correlation between
visual flaws, electrical performance, and measured transducer capacitance
were established. The visual inspection approach is the only one feasible

at this time, indicating the importance of establishing clean facilities to
minimize the reject rate due to airborne particulates. Differences were
noted in the devices prototyped in a different laboratorv, demonstrating
the need to fabricate prototype devices in the production area.
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APPENDIX XI
SAMPLE SHOCK AND VIBRATION TEST REPORT
FOR BP-LN AND PC-LN DEVICES
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HUGHES FULLERTON
Hughes Aircraft Company
Fullerton. Calitornia

PURPOSE

To provide instructions for the visual inspection of Surface Acoustic
Wave (SAW) devices manufactured on metallized crystalline substrate
material by a deposition, photolithographic exposure, and chemical
etch process,

SCOPE

This instruction covers the visual inspection requirements for all SAV
devices made by the deposition of a metallized conductor on a crystalline
substrate and then using either a selective etch or liftoff process to
remove all but the desired pattern.

INSPECTION

Materials - All materials utilized in the processing of crystal circuits
are described in Process Engineering Instruction (PEI) 7.18.00, Acoustic
Wave Processing.

Equipment - All equipment required for the fabrication of SAW devices 1s
described within the appropriate sections of PEI 7.18.00, Acoustic Wave
Processing.

Procedure - Unless otherwise specified, the process sequence shall bte
performed ‘as outlined on SAW process followers, and processed according
to the appropriate FEIs referenced thereon.

Handling - Crystals shall remain in protective containers until process
and inspection operations are to be performed., Finger cots or other hand
protection shall be worn at all times to prevent damage and contamination.
Devices shall be handled only on the sides and never by the metallized
surface. Device packages (headers) shall be handled by non-sealing
surfaces only.

Crystal Cutting and Sorting - Wafers shall be separated into individual
circuit crystals before visual inspection. After separating, crystals
shall be cleaned in a manner sufficient to remove all foreign material,
Crystals shall be sorted into lots and properly identified by the use of
a standard process follower.

Adhesion - Crystals shall exhibit uniform adhesion. There shall be nho
evidence of separation of the metallization from the crystal substrate
when tested with adhesive tape. The adhesion test shall be performed for
process certification on production circuits. A length of commercial,
clear, or translucent plastic tape shall be applied to the metalilzed,
etched substrate. The tape shall cover an area of at least 1/2 inch ani
shall be set by rubbing with a finger. The tape shall be pulled back at
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an angle of approximately 90° to the crystal using one smooth motion. The
metallized layers shall not show any evidence of separation when examined
at 30 to 100 power magnification,

3.3.4 Process Control - Described in Quality Method Sheet (QMS) M-001,
Microelectronics Process Surveillance,

3.4 Quality Assurance Provisions

3.4.1 Responsibility - The Quality Assurance Group Office (QAGO) shall be the
cognizant Quality organization exercising control over all processing
heretofore described.

3.4.2 Inspection - Crystals produced shall be inspected to the requirements of the
device engineering drawing and workmanship standards contained in Section
3.5 and Table I of this QMS.

3.5 Worlonanship

3.5.1 General - Crystals shall be visually examined under 30 power magnification
(minimum) for conformance to the workmanship requirements contained herein.
Transmitted light shall be used where applicable. Crystals not conforming -
to the requirements contained herein shall be rejected unless they can be
reworked to conform to the specified requirements, Reworked crystals are
to be resubmitted for verification of conformance to the electrical and
visual requiraments specified herein,

3.5.2 End Product Requirements - SAW devices shall conform to the visual
requirements of the appropriate engineering drawing, device specification,
and workmanship standards contained herein. The following irregularities
and those shown in Table I of this QMS shall be cause for rejection.

a. Chips or cracks in the crystal material which come closer than
25 microns (1 mil) to any active metallization.

b. Scribing edge of the crystal material that is closer than 25
microns (1 mil) to any metallization,

¢. Any crack which extends into or pcints toward and comes
within 127 microns (5 mils) of active metallization.

d. Scratches, voids, or holes which reduce the bonding pad to
transducer finger interconnect to 17ss than 50 percent of
original design width.

e. Scratches, voids, or holes which reduce bonding pads to
less than SO percent of original design width.

f. Attached opaque contamination which cannot be removed by
cleaning procedures and appears to be shorted to adjacent
transducer fingers that are not connected to the same pad,
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HUGHES FULLERTON
Hughes Aircralt Compeny
Fullerton. Calitornis

g. Shorts between transducer fingers not connected to the same
pad which cannot be dblown during device test,
h. Lifting or peeling metallization.

NOTE: Opens, voids, or scratches on transducer fingers which do not
affect electrical characteristics are acceptable,
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TABLE I

cracks in crystal substrate

7
/,W material.

A

Illustration .| Requirement
P Reject - A is less than 1 mil
(25.4 microns or .00l inch)
L between metallization and chips or
i
:

Reject - Scribing edge of crystal
material comes closer than 25
microns (1 mil) to active
metallization.

Reject - Any crack which extends
into or points toward and comes
within 127 microns (5 mils) of
active metallization.

Reject - Scratches, voids, or

holes which reduces any bonding
' . 2 pad or transducer interconnect to
/ . / less than 50 percent of original

design width,

fingers that are not connected to

[ the same interconnect pad which !
i b cannot be removed during test. 2
' |
I} .
o i |

]
l
1
Reject - Shorts between transducer §
1
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Appendix XIV

PHASE IV PRESEAL ELECTRICAL DATA
FOR BP-Q DEVICES




HUGHES-FULLERTON
Hughes Aircralt Company
Fullerton, California

BPQ - PRECAP

1.96- I

98-102 18-22 | 35 | 50 | 35 | .
£ 2.09 S s S 2:1 4 ¢ f
toc Isn| fo BW NS [ Ost [Prr [Pspe jvswr | Ne | Thi

]
8-29-77! 1/100.18 1.7 | 18.3 [ ~35 60 40 << 199,20 | 101.17
2/100.18 1.97 | 18.5 | >35 60 41 «< 199,20 | 101.17
31100.18 1.99 | 18.3 | ~35 55 41 << 199.19{101.18 £
41100.17 2.00 { 18.5 | ~35 54 11 << |1 99.17 [ 101,17 :
5!100.17 1.99 | 18.3 | ~35 60 41 << 199,18 | 101.17
6(100.19 1.98 | 19.1 ~35 55 42 << [99.20 | 101.18
7(100.17 1.98 | 18.3 | ~35 56 41 <- 99.18 | 101.16
8100.19 2.00 | 18.3 | ~35 55 41 << 199.19 {101.19 5
9/100.18 2.01 | 18.1 >35 60 40 << 199.18 | 101.19 &
10/ 100.14 19.8 18.6 | ~35 60 40 << 199.15 §101.13 §
111100.19 2.00 | 18.0 | ~35 60 38 << 199.19 | 101.19
12,100.18 2.00 | 18.1 : ~35 60 40 << 199,18 1101.18
131100.18 1.99 ; 18.4 ~35 60 40 << 199.19 ;101.18
14}100.17 1.99 1 18.2 | »35 60 40 << 199.18 | 101,17
8-30-77) 15{100.17 1.98 [ 18.2 | ~35 60 39 << 199.18 | 101.16
16;100.17 2.01 ] 18.2 | ~35 60 39 << 199.17 1 101.18
171100.19 1.98 { 18.1 >35 60 40 << ]99.20 [ 101.18
18/100.19 2.01 | 18.0 | ~35 60 39 << [99.19 ]101.20
19(100.17 1.98 | 18.6 | ~35 60 40 << |99.18 [101.16
201100.18 1.99 | 18.2 | »35 60 39 << {99.19 |101.18
21(100.19 1,98 | 18.4 | 35 60 40 << [99.20 | 101,18
221100.19 1.98 1 18,7 | ~35 60 41 << [99.20 |101.18
23({100.19 1.98 | 18.5 | =35 60 40 << [99.20 | 101.18
241100.21 1.98 | 18.3 | ~35 60 40 << 199.22 (101,20
25(100.20 2.00 | 18.4 | ~35 60 40 << |99.20 | 101.20
26 {100.17 1.99 | 18.2 | ~35 60 40 << 199.18 |101.17
271100.19 1.98 | 18.0 | ~35 60 40 << (99,20 [101.18
281100.20 1.98 | 18.5 | >35 60 40 << 199.21 ]101.19
291(100.19 1.98 {18.3 | ~35 60 40 << 199.20 | 101.18
30 (100.20 1.98 | 18.3 | ~35 60 40 << [99.21 1101.19
31(100.19 1.98 | 18.3 | ~35 60 40 << 199.20 {101.18
8-31-77| 32}100.17 1.99 |1 18.5 | ~35 60 40 << 199.18 [101.17
33100.18 1.99 1 18.4 >35 60 40 << 199.19 /101.18
341100.19 1.99 {18.3 | »35 60 39 << 99,20 |101.19
35 1100. 20 1.99 1 18.9 | ~35 60 40 << 199.21 J101.20
36 {100.18 1.99 [ 20.8 | =35 60 45 << 199.19 [101.18
371100.20 2.00 [ 18.6 | >35 60 40 <« 199.20 J101.20
38:!100.19 1.99 | 18.4 ~35 60 40 << 199.20 |101.19
39 {100.19 1.98 | 18.5 | »35 60 40 << 199.20 j101.18
40 |100.20 2.00 }118.6 | ~35 60 40 << 199.20 |101.20
411100.17 1.99 | 18.1 >35 60 40 << 99.18 |101.17 ]
42 1100.21 1.98 | 18.3 | ~35 60 40 << (99.22 |101.20 ¥
9-1-77 | 43[100.19 2.00 {18.2 | ~35 60 40 << [99.19 [101.19
44 1100.18 2.02 {18.1 ~35 60 40 << |99.17 [101.19
45 (100.18 2.03 | 18.1 ~35 60 40 << |99.17 |101.20
46 (100.19 2.01 | 18.1 ~35 60 40 << (99019 101020
47 (100.20 1.01 |18.0 | ~35 60 40 << 199.19 |101.20
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BPQ - PRECAP (Continued)

og 102|196 1igo2( a5 [ 50 | 35 .
£ 2.09 i S S S 2:1 ¢ p
e (sn] fo ww |'ms | Sst|Ser [Sselvswr] o | T

91 77 | 48]100.18
49/ 100,19
500100.18
51{100.19
521100. 20
531100.17
54\100.19
55,101.18
56| 100.21
571100.19
T o580100.19
591100, 19
601100, 16
61/100.19
9-6 77 | 62]100.18
63/100.19
64/100. 18
65/100.18
66100.19
67(100.18

2.00 | 18.1 >35 60 40 << [ 99,18 |101,18
2,02 118.1 >35 60 40 << 99,18 j101.20
2,02 118.2 ~35 60 40 << [ 207 101,19
1.98 | 18. ~35 60 40 << 99,20 |101.18
2.00 |18, ~35 60 40 << [ 99,20 /101.20
1.99 1 18, >35 60 40 << | 99.18 101.17
2.00 |18, >35 60 40 << | 99.19 [101.19
2,03 {18, ~35 60 43 << | 99,17 [ 101.20
1.99 |18, >35 60 40 << | 99.22 1101.21
1.99 (18, ~35 60 40 << ] 99.20 1101.19
1.99 | 18. ~35 60 40 << | 99.20 1101.19
1,98 118, ~35 60 40 << | 99.20 [101.18
2,00 )18, >35 60 40 << | 99,16 [101.17
2.00 |18. >35 60 40 << | 99,19 101.19
2.00 |18, ~35 60 40 << | 99,18 [101.18
1.98 {18, ~35 60 40 << [ 99.20 [101.18
2,00 |18, ~35 60 40 << [ 99.18 [101.18
2.02 18, ~35 60 40 << {99.17 1101.19
1.98 |18. >35 60 40 << [ 99.20 1101.18
1.99 |18, ~35 60 40 << | 99.19 |101.18
681100, 16 2,01 (18. >35 60 40 << | 99.16 101,17
69(100.18 1.99 118, >35 60 40 << 199,19 (101,18
70(100.18 2.00 |18, >35 60 40 << 199,18 [101.18

l

1

1

1

1

1

1

2

1

1

1

2

2

I

1

1

1

P

2

2

1

1

2

1

|
E

71{100,19 .99 (18, >35 60 40 << [99.20 [101.19
721100.20 .98 |18. ~35 60 40 << {99.21 [101.19
73[100.19 .98 |18, +35 60 40 << 1 99.20 [101.18
74'100.19 .08 |18, >35 60 40 << [99.20 [101.18 i
751100, 18 .99 |18, >35 60 40 << | 99.19 [101.18 i
76100.19 .99 118, >35 60 10 << | 99.20 [101.19
77 [100.18 .99 [18. >35 60 40 << [99.19 [101.18
78 [100.19 .00 {18, ~35 60 40 << [ 99.19 [101.19
79(100.17 .08 |18, ~35 | 60 40 << [99.18 [101.16
80 |100.19 .98 |18. ~35 60 40 << |99.20 [101.18 I
81{100.19 .98 118, ~35 60 40 << |99.20 [101.18 ;
9-7-77 | 82/100.18 .00 |18, ~35 60 40 << |99.18 [101.18
83(100.18 .01 |18, >35 60 40 << [99.18 [101.19
84,100. 18 .09 |18, ~35 60 40 << [99.19 [101.18
85 1100, 18 L0018, >35 60 40 << 199,19 [101.18
86 100.19 .08 |18, >35 60 40 << 99,20 [101.18
87 {100. 21 .98 |18. >35 60 40 << 99,22 |101.20 b
88 100,20 .00 [18. ~35 60 40 << {99.20 [101.20 !
89 [100.19 .00 |18. ~35 60 40 << {99.19 {101.20 r
90 [100.18 .00 [18. ~35 60 40 << [99.18 {101.18 |
91 1100. 20 o8 |18, >35 60 40 << [99.19 [101.2 t
92 [100.18 .07 119, ~35 60 43 << 199,20 101,17 P
93 1100, 20 .00 |18, ~35 60 40 << 99,20 [101.20 '
94 {100.20 L08R |18, ~35 60 40 << [99.21 [101.19
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HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

BPQ - PRECAP (Continued)

e S
98-102 | 19671 18-922| 35 | 50 | 35
: 1.04 | ] 0B e | c
Loc sy | fo Bw |“iNs | Sst |Ser |Ssp|vswr| fio hi

L

9-7-77 | 951100.19 2.02 (18.3 | >35 60 40 << |99.18 | 101.20
96/100.19 2.00 | 18.3 | 35 60 40 << {99.19 | 101.19
97/100.18 1.99 | 18.4 | >35 60 40 << |99.19|101.18
9-8-77 | 98(100.19 2.02 | 18.3 | >35 60 40 << [99.18 | 101.20

' 991100.19 1.99 | 18.1 | >35 60 40 << 199.20 | 101.19
100{100.20 2.00 | 18.5 | >35 60 40 << |99.20 [101.20
101{100.17 2.00 | 18.3 | >35 60 40 << [99.17 [ 101.17
102/100.19 1.99 ! 18.4 | >35 60 40 << 199,20 |101.19
103/100.17 1.99 | 18.3 | >35 60 40 << 199,18 | 101.17
104 1100.16 1.98 | 18.2 | >35 60 40 << 199,17 | 101.16
105{100.19 ! 2.00 | 18.3 | >35 60 40 << 199,19 | 101.19
106 |100. 20 1.98 | 18.3 | >35 60 40 << 199,21 (101.19
107 100.18 2.00 | 18.3 | >35 60 40 << 199,18 | 101.18
9-13-77:108(100.21 1.97 | 18.5 | >35 60 40 << 199,12 {101.20
1109/100.18 2.00 | 18.2 | >35 60 40 << 199,18 | 101.18
1110 {100. 22 2.00 | 18.2 | >35 60 40 << 199,22 | 101,22
111!100.21 1.98 | 18.1 | »35 60 42 << |99.22 | 101.20
112{100.16 2.00 | 18.6 | >35 60 43 << 199,16 | 101.16
113{100.19 1.99 | 18.4 | >35 60 40 << (99,20 | 101.19
114 100.20 2,00 | 18.0 | >35 60 40 << 199.20 | 101.20
'115{100.18 1.99 { 18.0 | >35 60 40 << 199,19 | 101.18
116 {100.19 ! 1.98 | 18.1 | >35 60 40 << (99.20 (101.18
117{100.19 | 1.98 { 18.2 | >35 60 40 << 199.20 | 101.18
118100.17 1.98 | 18.0 | >35 60 40 << {99.18 { 101.16 :
119(100.17 2.01)18.0 | >35 60 40 << [99.17 | 101.18
120 (100.18 2.00 | 18.3 | >35 60 40 << |99.18 | 101.18
121(100.19 1.98 | 18.0 | >35 60 40 << 199.20 |101.18 4
122 (100.17 1.99 { 18.5 | >35 60 40 << 199.18 | 101,17 :

i e

123 {100.18 1.99 , 18.3 | =35 60 40 << 199.19 | 101.18 :
9-30-77 1124 {100.17 1.98 | 18.0 | >35 60 40 << ]99.18 | 101.16 3

125)100.18 1.99 { 18.0 | >35 60 40 << 199.19 101,18
126 |100.18 2.01 ) 18.0 | >35 60 40 << {99.18 | 101.19 f

127(100.17 2.01 1 18.0 | >35 60 40 << 199.17 } 101.18
128 /100.18 2.03 {18.0 | >35 60 40 << [99.17 1101.20
1297100.17 1.99 ; 18.0 | >35 60 40 << 199.18 | 101,17
130 |100.16 1.98 | 18.3 | >35 60 40 << 199,17 1 101.15
131100.19 2.01 18,1 | >35 60 40 << [99.19 | 101.20
132{100.18 1.99 | 18.1 | »35 60 40 << 199.19 | 101.18

133 (100.19 1.98 | 18.0 | >35 60 40 << [99.20 | 101.18 |
134 {100.19 1.98 | 18.0 | >35 60 40 << [99.20 [ 101.18 I
135 {100.19 2.0 |{18.2 | >35 G0 40 << [99.19 |101.19

136 {100.23 1.99 | 18.3 | >35 60 40 << |99.24 |101.23 §
137 {100.18 2.00 | 18.3 | >35 60 40 << |99.18 | 101.18 !
138 (100.19 1.99 [ 18.4 | >35 60 40 << 199.20 | 101.19 |
139(100.19 2.00 | 18.0 | 35 60 40 << (99,19 {101.19 f
140 {100. 18 1.98 [ 18.2 | >35 60 40 << |99.19 | 101.17 ;
141 {100. 16 2.02 | 18.0 | >35 60 40 << [99.15 |101.17

142 {100.19 2.00 | 18.2 | >35 60 | 40 << |99.19 | 101.19




BPQ - PRECAP (Continued)

o T — -
98-102 }'gﬁ [13-22 35 | 50 1 35 { 21
; Lpc |sN | fo Bw |“INs | Ss. |SFT |Ssp|vswr| flo | Thi

3-23-78[143(100.185 | 1.97 |19.8 |> 35 | 70 | 42 | << |99.20 |101.17
1441100.19 | 1.98 [19.7 {385 | 70 | 42 | << [99.20 |101.18
145{100.175 | 1.99 [19.2 {> 35 | 70 | 41 | << |99.18 |101.17

146 (100,175 {1.97 [19.3 [> 35 | 70 | 41 | << |99.19 |101.16
147(100.165 | 2.01 [19.2 [> 35 | 70 | 41 | << !99.16 |101.17

148 (100.19 2.00 (19.6 |” 35 70 42 << 199.19 1101.19
149(100.175 | 1.99 {19.7 [ 85 | 70 | 43 | << |99.18 |101.17
150]100.165 | 1.97 (18.9 [> 35 | 70 | 41 | << |99.18 {101.15
151]100.155 | 2,01 {19.1 (> 35 | 70 | 40 | << [99.15 |101.16
152]100.17 | 2,00 [19.0 {> 35 | 70 | 41 | << |99.17 [101.17
153]/100,17 | 2.04 [19.2 (> 35 | 70 | 42 | << [99.15 |101.19
1541100.175 [ 1.99 [19.2 |35 | 70 | 41 << 199,18 {101.17
155/100.15 | 2.02 [19.2 |> 35 | 70 | 42 << 199,14 {101.16

156 [100.15 | 2.00 |19.1 |35 | 70 | 42 | << |99.15 |[101.15
157/100.16 | 2.02 |18.5 |7 35 | 70 | 41 << 199,15 [101.17
158(100.175 | 1.99 [19.1 |> 35 | 70 | 42 | << ]99.18 |101.17
1591100.175 | 1.99 119.1 {735 | 70 | 42 | << ]99.18 [101.17
160(100.175 | 1.97 [19.1 {735 | 70 | 41 << 199,19 |101.16
161(100.18 [ 1.98 ;19.5 {> 35 | 70 | 42 | << ]99.19 |101.17

162 (100,18 1.98 (19.6 |> 35 70 43 << 199,19 1101.17
163(100.18 | 2.00 [19.7 |35 | 70 |42 { << |99.18 |101.18
164100.19 | 2.00 [19.2 |35 [ 70 |42 | << [99.19 |101.19
3-24-78165(100.185 | 1.99 {19.4 |> 35 | 70 | 42 << 99,19 [101.18
166100.17 | 1.98 [19.4 |~ 35 | 70 | 42 << |99.18 |101.16
3-28-78167(100.18 | 2.00 {19.3 |7 35 | 70 | 43 | << |99.18 |101.18
168{100.175 | 2.01 [19.4 |35 | 70 | 43 | << [99.17 |101.18
169(100.19 | 1.98 {19.6 |~ 35 | 70 | 43 | << [99.20 {101.18
170(100.19 11,98 119.6 |2 35 | 70 | 42 << 199,20 |101.18
171{100.185 | 1.99 {19.5 |7 35 | 70 | 43 | << |99.19 |101.18
172(100.185 | 1.97 [19.4 |>35 | 70 | 42 << 199.20 |101.17
173{100.18 | 2.00 [19.7 |35 {70 |43 | << |99.18 |101.18

4-10-78 |174(100.19 | 2.00 |19.5 (> 35 | 62 |43 | << [99.19 |101.19
175(100.205 | 1.97 [19.8 |35 | 61 |43 | << [99.22 {101.19
176100.19 | 2.00 [18.6 |> 35 | 60 | 41 << 199.19 1101.19
177/100.195 | 1.99 [19.3 |> 35 | 63 | 43 << |99.20 |101.19
178(100.175 | 1.99 |19.4 |> 35 | 70 |43 << 99,18 [101.17

5-24-78 |179]100.15 | 2.00 |18.7 |> 35 | 63 | 41 << 199,15 |[101.15
180{100.135 | 2.01 [18.7 |~ 35 | 67 | 41 << 199.13 {101.14
181|100.175 | 2.03 [18.6 |> 35 | 73 | 42 << 199,16 {101.19
182(100.165 | 2.01 [19.4 |> 35 | 65 | 42 << 199,16 [101.17
183{100.15 | 2.00 {19.5 |> 35 | 63 | 42 << 199,15 [101.15
184(100.155 {1.99 {19.5 |>35 | 70 | 41 << 199,16 |101.15

5-25-78 [1851100.185 | 2.03 {20.1 |> 35 | 63 | 44 << 199,17 {101.20
186(100.16 | 2.02 (18.9 |> 35 | 64 | 43 << 199,15 {101.17
187[100.185 | 2.03 [19.3 |> 35 | 66 |42 << l99.17 {101.20
188[100.175 [ 1.99 [19.5 (735 | 70 |43 << | 99,18 {101.17
189]100.175 | 2.01 (18.6 |> 35 | 67 141 << 199,17 |101.18
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HUGHES FULLERTON
Hughes Aircratt Company
Fullerton, California
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BPQ - PRECAP (Continued) :
9g-102 | 1+ |1g-22] 35 | 50 ] 35
£ 1.0 ) Se; | Sim 'S 2:1 | o £
Lpc sn | fo W Uins | Sst | Ser Ssplvswr | flo |
5-25-78/190 [100.16 | 2.02 (18.7 |~ 35 | 70 | 41 | << [99.15 [101.17 i
191 1100.165 [1.99 (20.0 {(~ 35 | 70 ! 43 | << [99.17 ‘101 .16
1921100.175 | 1.99 [20.3 |- 35 | 65 | 43 | << |99.18 101.17
1193/100.185 | 1.99 '19.9 [~ 35 | 67 | 42 | <~ [99.19 101.18
1941100.165 | 1.99 [19.5 1~ 35 | 70 |42 | << |99.17 '101.16 '
195100.55 | 1.99 (19.4 |~ 35 | 65 | 41 | << [99.16 101.15
'196 100,16 | 2.00 |19.7 |~ 35 | 63 | 42 | << |99.16 101.16 g
197100.145 |2.01 {19.7 |~ 35 | 63 | 42 | << |99.14 101.15 F
'1981100.145 |2.01 [19.7 [~ 35 | 63 | 42 | << |99.14 |101.15 ~
199100.135 | 2.01 [19.5 |~ 35 | 66 | 42 | <~ |99.13 ;101.14 4
2001100.18 [ 1.98 [20.0 |~ 35 | 62 | 42 | << 199.19 101.17
2011100.155 [2.01 [19.6 |> 35 | 75 | 42 | << [99.15 '101.16
2021100.13 | 1.98 [19.6 |~ 35 | 73 | 42 | << |99.14 '101.12
'2031100.135 ©1.99 [19.4 |>35 | 68 | 42 | << |90.14 (101.13
&204'100.17 1.98 |20.2 (> 35 | 64 | 43| < |99.18 [101.16
1205100.155 |2.01 [19.8 [~ 35 | 65 |42 | ~< 199015 [101.16
206 (100,175 | 1.97 119.6 !~ 35 | 65 | 43 | << |99.19 1101.16
207/100.14 [2.00 [19.7 [~ 35 | 70 | 42 | << l99.14 '101.14
208 (100,155 | 1.99 [19.7 |~ 35 | 65 | 42 | << |99.16  101.15
209(100.16 | 2.00 19.7 |~ 35 | 70 | 42 | << |99.16 |101.16

210 /100,21 1.98 [19.8
2111100.18 1.98 19.8
1212 1100. 14 2.00 |19.7
213 (100,165 | 1.97 120.0
214 |100.18 1.98 [20.0
215(100,165 | 1,97 [19.7
5-26-781216 {100.14 2.00 |19.7
217 (100,175 | 1.97 [20.2
218:100.155 | 1.99 |19.7
219(100,15 1.98 |20.1
2201/100.115 11,99 |20.2
221/100.095 | 1.99 [18.9
2221100,195 | 1.97 [20.3
223(100,195 | 2.01 [19.3
2241100,215 | 1.97 |19,8
225/100.185 | 2,01 [18.6
226 (100,17 2.02 [18.5
227(100. 16 2.02 [18.7
2281100.18 2.00 (18.7

35 60 44 << 199,22 1101.20
35 70 43 << 199,19 !101.17
35 63 42 << 199.14 [101.14
35 60 42 << 199.18 1101.15
35 62 42 << 199,19 101,17
35 70 42 << 199.18 |101.15
35 70 42 << 199.14 |101.14
35 62 43 << 199.19 1101.16
35 67 42 << 199.16 |101.15
35 70 43 << 199.16 [101,14
ki 62 43 << 199.12 1101.11
35 68 41 << 199.10 (101.09
35 70 44 << 199.21 (101,18
35 63 44 << 199.19 [101.20
35 60 44 << 199.23 [101.20
35 50 44 << 199,18 [101.19
35 57 43 << 199,16 (101.18
35 57 42 << 199,15 |101.17
35 95 44 << 199,18 [101.18
2291100,175 | 2.03 [18.4 35 64 43 << 199.16 |101.19
230 (100.185 UB.S 35 57 43 << | 99'[§“ﬂ}01'19
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HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California
;L BPQ FINALS
98-102 |1.96-2.04|18-22|=35 |>250 |[=35]| <2:1
LDC | SN | f, BW LINS (Sg, |SFT [Ssp| VSWR| f, fhi
5-8-78 11]100. 205 1.99 19.21>35 | 70 101.20
21100.225 1.99 20.2(>35 | 61 101. 22
3
4
3
6
8
a
10
11
13
15
16 /100. 215 1.95 21.41>35 52 101.19
18 (100.225 1.97 20.7|>35 | 58 101.21
20{100. 21 1.98 19.3{>35 | 56 101.20
21
23 100. 215 1.99 18.9{>35 | 63 101.21
25
26 {100.195 2.01 18.7(>35 | 63 101.20
27 1100. 21 2.00 18.5|>35 | 67 101.21
28 1100. 225 1.99 18.91>35 | 60 101.22
291100. 22 2.02 18.8(>35 63 101.23
31 (100. 22 2.00 18.5{>35 62 101. 22
321100. 205 2.01 18.7(>35 56 101.21
33 {100. 205 2.01 18.6/>35 | 63 101.21
34 (100. 22 2.00 18.7|>35 | 60 101. 22
35 (100. 225 1.99 19.31>35 | 57 101,22
37 [100. 22 2.04 19.0(>35 | 55 101.24
381100.21 2.02 18.7(>35 65 101. 22
39 100.21 1.98 18.9|>35 64 101.20
40 1100. 225 2.01 18.91>35 | 62 101.23
41 |100. 20 2.00 18.4]-35 59 101.20
42 1100. 235 1.99 18.5[>35 | 56 101.23
43 [101. 21 2.00 18.5|>35 | 62 101.21
44 1100. 205 2.03 18.4|>35 | 59 101.22
45 1100. 205 2.03 18.4{>35 | 60 . 101. 22
46 1100. 225 2.01 18.5{>35 | 60 | 42 << 99.22( 101.23
47 1100. 21 2.02 18.5(>35 | 56 101. 22
48 1100.195 2.01 18.71>35 | 56 101.20
51 (100. 22 1.98 18.5(>35 | 60 101.21
53
54 (100. 215 1. 1.97!>35 | 65 101.20
55 ({100. ~35 | 64 101.23
57 101.18
59 (100. >35 | 65 101,21




BPQ FINALS (CONTINUED)

——
98-102 | 1.96-2.04] 18-22235 | >50 |=235 | <2:1
g LDC | SN| f, BW LINS 831, | SFT [SSP| VSWR | f1o fhi
5-8-78 64
L 65
5-9-78 | 67/100.195 1.99 18.9 >35 | 70 101.19
| 69(100.20 2.00 18.7 35 | 66 101.20
; | 70]100.215 2.01 18.5 >35 | 170 101.22
© 721100. 22 2.00 18.9 >35 | 68 101.22
73 [100. 20 2,02 18.6 >35 | 60 101,21
75 BW 2,09 101.25 3
76 {101. 215 1.99 18.6 >35 | 65 101.21
77 [100. 21 1.98 18.8 >35 | 63 101.20 '
78 [100. 215 1.99 18.9 >35 | 66 101. 21 _
79 [100.185 1.99 19.1 >35 | 62 101.18
80 ! N
81| b
83 [100. 205 2.01 19.4 >35 | 70 101.21 t
84 !
85 :
86 v
87 1100. 225 1.99 20.4 >35 | 63 101.22 3
88 1100. 225 2,01 19.5 >35 | 58 101.23
89 [100. 22 2.00 19.1 >35 | 63 101.22 :
91 [100. 23 1.98 19.0 >35 | 65 101.22 .
93 §
94 [100. 225 1.99 19.1 >35 | 60 101.22 %
95 [100. 21 2,02 18.9 ~35 | 54 101.22 '
96 [100. 205 2,01 18.9 >35 | 60 101.21
97 {100. 205 2.01 18.9 >35 | 66 101.21
99 [100. 215 2.01 18.7 >35 | 67 101.22 ¢
100 {100. 215 2,01 19.0 >35 : 62 101.22 !
102 [100. 215 2,01 19.1 ~35 | 60 101.22
103 {100. 215 1.97 20.2 >35 70 101.20
104
106
108 {100. 235 .7 35 | 60 101.24
109 S 101.23
123
129 {100.185 2.03 18.6 >35 | 58 101.20
130 {100.165 1.99 19.0 >35 | 60 101.16
133
134
135
138 {100. 215 1.99 18.6 ~35 | 56 101. 21
139 {100.195 2.03 18.3 >35 | 65 101.21
143 [100. 20 1.98 20.1 ~35 | 59 101.19
5-10-78|144 [100. 20 1.98 19.9 36 | 64 101.19
145 [100. 20 1.98 19.2 ~35 | 70 101.19
146 {100. 20 2.00 19.5 ~35 | 62 101. 20
147 [100.19 2.00 19.3 ~35 | 66 |42 [ << 99.19 [101.19
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BPQ FINALS (CONTINUED)

HUGHES FULLERTON
Hughes Aircratt Company
Fullerton. California

98-102 |1.96-2.04(18-22(~35 | ~50 [~35 [-2:1
LDC (SN | f, BW |LINS |Ssp| SFT|Ssp |VSWR| fi0 hi
910-78(148/100.205( 1.99 | 20.0{>35| 62| 43 | << | 99.21 | 101.20
149/100.205| 1.99 | 20.0/>35| 64 | 43 | << | 99.21] 101.20
150/100.195| 1.99 | 19.3|~35| 66 | 42 [ << | 99.20] 101.19
151(100.18 2.02 | 19.3[~35| 62| 42| << |99.17101.19
152(100. 19 2.02 | 19.4|>35| 63| 42| << | 99.18|101.20
153{100.19 2,02 | 19.5(~35( 70 | 42 | << [99.18( 101.20
154(100.19 1.98 | 19.5/~35| 65| 41| << |99.20]101.18
157[100.18 2.02 | 18.8[~35] 63| 41| << |99.17]101.19
158/100.19 2,00 | 19.4[>35] 62| 42| << |99.19]101.19
159(100. 20 2,00 | 19.2[>35| 65| 42| << | 99.20 101.20
160{100.19 1.98 | 19.7{~35| 62| 42| << | 99.20|101.18
164/100. 21 2.00 | 19.4[>35| 64 | 42 | << |99.21]101.21
169{100.205| 1.97 | 19.8[>35| 70| a3 | << | 99.22{ 101.19
170
5-10-78| 7
14
22
30(100. 225 ~35| 60 | 42 101.22
36| BW | .19 | 101.24
24[100. 235 .40>35| 63| 42 99.24 | 101.23
50|100. 195 6[~35( 66 | 41| << |99.19]101.20
7
5-15-78| 90|100. 21 2,00 | 18.5(~35| 70 | 42 101.21
95
98
110
112
114{100. 21 2.00 | 18.6/>35| 56| 40 101. 21
115
117
119100.19 1.98 | 18.8]~35] 70| @ 101.18
127(100.19 | 2,0 18.8(>35 | 57 | 41 101.20
131 §§§§§§§§§ -19 | 101, 24
136 |100.255] 1.99 | 18.8{~35| 60 | 42 99.26 | 101.25
125(100.205) 2.01 | 18.6(>35| 58 | 40 | << | 99.20|101.21
126{100.20 | 2.00 | 18.4/~35| 57 | 40 | << | 99.20 | 101.20
128 F§§§§§§§§§% 99.17 | 101,22
124 [100.18 2.00 | 18.4[~35] 70 | 41| << |99.18 | to1.18
137 .Na:\_ff'\i
140 {100, 20 2.02 | 18.40>35| 74| 41| << |o99.19 |101.21
141
142 \
161 |100. 20 2.00 | 19.7[~35]| 61| 43 | << | 99.20 | 101.20
162 [100. 21 2.00 | 19.4|>35] 64 | 43 | << |w9.21 | 101.21
163 [100. 21 2.00 | 19.7|~35| 60 | 42 | <~ |99.21 |101. 21
165 [100. 21 2,00 | 19.5]~35| 61| 42 | << |eo.21 |10
166 [100.19 2.00 | 19.4/°35| 73 | 43 | << | 99.19 | 101.19




T W v s

XV-4

BPQ FINALS (CONTINUED)

98-102 |1.96-2.04 |18-22]>35 |>50 |>35 | s2:1
LDC [SN| f, BW LINS(SsL, [SFT |Ssp| VSWR| fio | fni
5-15-78|167{100.195 1.99 | 19.4{>35 | 64 101.19
168
171]100. 21 1.98 | 19.8]>35 | 69 101.20
172/100.205] 1.97 | 19.6(>35 | 63 101.19
7-25-78|174{100. .4 << | 99.14 | 101.26
175{100.225] 1.97 | 19.6|>35 | 68
176/100. 20 2.02 | 18.5|>35 | 56
180/100.155( 2.01 | 18.9>35 | 57
181/100.19 2.02 | 18.8/>35 | 63
183
194{100.17 2.00 | 19.6{>35 | 60
215(100.185] 2.01 | 19.8{>35 | 63
216/100. 16 2.00 | 19.8/>35 | 60
217/100.195 1.99 | 20.4{>35 | 64
223{100.195| 2.01 | 19.3]>35 | 63
224/100.215 1.97 | 19.8/>35 | 60
225(100.185] 2.01 | 18.6/>35 | 50
226{100.17 2.02 | 18.5/>35 | 57
227(100.16 2.02 | 18.7{>35 | 57
228/100.18 2.00 | 18.7|>35 | 55
229(100.175| 2.03 | 18.4[>35 | 64
230[100.185) 2.01 | 18.8{>35 | 57
7-26-78| 17
49(100.22 2.00 | 18.2{>35 | 64
68/100.18 2.00 | 19.3]>35 | 63
105{100. 22 2.00 | 19.3/>35 | 63
107
111(100.225| 1.99 | 18.5/>35 | 60
118
113
120(100. 20 2.00 | 18.7|>35 | 67
122100, 20 2.00 | 18.6/>35 | 61
132{100.195| 2.03 | 18.6/>35 | 60
173(100.19 2.00 | 20.0{>35 | 60
177




Appendix XVI

PHASE IV PRESEAL ELECTRICAL DATA
FOR BPLN DEVICES
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A

HUGHES-FULLERTON

Hughes Aircraft Company

Fullerton, California

BPLN Preseal Data
—
147-129.4-| 18.5~
153 [30.6 | 21.5 235 250 235 <3:1
LDC SN FO BW Lins SSL SFT SSP VSWR FLO FHI
4-28-77| 1 {151.58(29.65{19.9 35 60 38 << |136.75 ]| 166.40
2 1151.28j30.21} 20.0 35 60 39 << | 136.29 ] 166.28
3 (151.05(29.41i 21.5 35 60 | 43 << | 136.351]165.76
4 [151.08[29.40[19.2 35 53 | 38 << | 136.38 }165.78
5 1150.83(29.70]| 20.5 35 60 | 39 << | 135.98 | 165.68
6 [151.09729.42/19.3 35 60 38 << | 136.38 | 165.80
7 1151.05]29.40/19.6 35 50 39 << | 136.35]165.75
8 1151.06(29.48{18.7 35 60 38 << | 136.32]165.80
i 9 (151.17(29.41{18.8 35 60 37 << | 136.46 | 165.87
110 {151.28{29.40(19.1 35 60 | 40 << | 136.6 165. 96
t11 [151.32(29.77/19.2 35 60 39 << [136.43 | 166.20
12 |151.18(29.50{19.5 35 60 39 << | 136.43 | 165.93
13 1151.0729.41/19.0 35 60 38 << | 136.36 {165.77
14 1150.75(29.61)18.6 35 60 | 37 << | 136.45 | 165.06
15 ]151.09}29.43!18.6 35 60 37 << |136.37]165.80
16 {150.89{29.40)20.1 35 50 | 40 << |136.19{165.59
17 1150.96(29.44|18.9 35 60 37 << |136.24]|165.67
18 |151.15/29.80{19.9 35 50 | 40 << 1136.23 1166.07
19 1150.96(29.49/19.5 35 60 37 << |136.19 | 165.68
20 1151.06(29.43(19.2 35 50 38 << |136.34 ]1165.77
21 |150.99(29.42|20.2 35 50 38 << [136.28 | 165.70
22 1151.29(29.59{19.0 35 60 38 << |136.49 {166.08
23 |151.17(29.40/19.1 35 50 38 << |136.47 | 165.87
24 |151.22(29.60(18.8 35 50 38 << [136.42 ]166.02
25 |150.87(29.42/18.7 35 50 38 << |136.16 | 165.58
26 |151.10(29.41{20.2 35 60 39 << |136.39 | 165.80
27 [150.92/29.40)18.7 35 50 37 << |136.22 |165.62
28 [152.25(29.48;18.8 35 60 38 << |136.41 |168.09
29 |151.38(29.45/19.1 35 50 38 << {136.66 ;166.11
30 |151.15/29.69]20.4 35 60 | 41 << (136.30 | 165.99
31 (150.99(30.07/19.9 35 60 | 40 << 1135.95 |166.02
32 (150.99(29.40/18.8 35 50 | 37 << |[136.29 [ 165.69
33 /150.89129.54|19.9 35 50 38 << [136.12 [ 165.66
; 34 (150.86[29.55/19.3 35 50 38 << [136.08 [165.63
! 35 1150.96(29.44118.7 35 50 | 35 << |136.24 |165.68
L 36 1151.08(29.65/19.8 35 60 39 << [136.25 |165.90
b 37 [150.88(29.70/19.0 35 50 | 38 << |136.03 |165.73
38 [151.26129.64(18.7 35 60 37 << |136.44 |166.08
39 [150.98119.75{19.3 35 60 38 << [136.10 [165.85
40 1151.42119.41{19.0 35 60 38 << 1136.71 |166.12
41 |151.15(29.79/19.6 35 50 38 << |136.25 |166.04
42 1151.32(29.63({19.6 35 50 | 39 << |136.50 |166.13
43 {151.00(30.46)19.3 35 50 38 << [135.77 1166.23
44 1150.93(29.41|19.1 35 50 38 << |136.23 [165.64
45 |150.97129.67/18.6 35 50 | 37 << |136.14 |165.81
b

XVI-1




8-16-77

B-17-77
8-18-77

8- 19-77

BPLN Preseal Data (Continued)

147- |20.4 [18.5
| 153 30.6 |21.5 | 35 | 250 | 35| :3:1
SN FGBW L S S Sg | VSWR| P | Fy
45.150.8 29.56[18.9 | 35 | 50 | 37 << | 136.04 |165.60
47 150.61,29.57[18.8 | 35 << | 135.83 | 165.40
18 150.87 29.66[20.2 | 35 | 50 | 37 << | 136.04 | 165.70
49 151.00'30.06{29.6 | 35 | 50 | 39 << | 136.06 |166.12
50.150.99129.62/19.8 | 35 | 50 | 39 << | 136.13 | 165.85
51 151.16,29.58/19.8 | 35 | 50 | 40 << | 136.37 |165.95
52 151.33/29.90(20.3 | 35 | 60 | 42 << | 136.38 | 166.28
53,151.23129.77/19.3 | 35 | 60 | 39 << | 136.34 | 166.11
54 151.04 29.86/19.3 | 35 | 60 | 39 << | 136.11 |165.97
551150.9830.20{10.1 | 35 | 53 | 40 << | 135.88 | 166.08
56/151.1029.63/19.3 | 35 | 60 | 39 << | 136.28 | 165.91
57 150.98,29.68{19.0 | 35 | 60 | 38 << | 136.14 |165.82
58/151.03(29.95/19.1 | 35 | 55 | 38 << | 136.05 | 166.00
59|151.13|29.81/19.4 | 35 | 55 | 39 << | 136.23 | 166.02
60/151.08(29.60{20.1 | 35 | 60 | 40 << | 136.28 | 165.88
61,151.05|29.96/19.8 | 35 | 60 | 40 << | 136.10 |166.00
621151.13/30.06/19.8 | 35 | 60 | 41 << | 136.10 |166.16
631151.07(30.1 [19.5 | 35 | 60 | 40 << | 136.02 |166.12
64 151.01/20.95/19.2 | 35 | 60 | 40 << | 136.02 | 166.01
65'151.11|29.66/19.7 | 35 | 60 | 40 | << | 136.28 |165.94
66 151.13,30.15/19.7 | 35 | 60 | 40 << | 136.06 | 166.21
67:151.29:30.19{20.5 | 35 | 57 | 42 << | 136.20 | 166.39
681151.00129.54{19.5 | 35 | 50 | 39 << | 136.23 |165.77
69;150.89(29.78{19.0 | 35 | 63 | 39 << | 136.00 {165.78
70{151.00 20.74{18.9 | 35 | 65 | 39 << | 136.22 | 165.96
71/150.93|29.86/18.9 | 35 | 63 | 39 << | 136.00 |165.86
720151.22(29.92/19.0 | 35 | 56 | 39 << | 136.26 | 166.18
73,151.12[29.80{19.6 | 35 | 62 | 40 << | 136.22 |166.02
741151.03{30.13{18.8 | 35 | 60 | 38 << | 135.97 | 166.10
751151.04[29.96/18.6 | 35 | 65 | 38 << | 136.06 | 166.02
76{151.07(30.22{19.1 | 35 | 58 | 39 << | 135.96 | 166.18
77(151.03[30.08[19.0 | 35 | 54 | 39 << | 135.99 | 166.07
78[151.40(29.72{21.1 | 35 | 60 | 38 << | 136.54 | 166.26
79/151.59|30.16/19.6 | 35 | 60 | 39 | << | 136.51 | 166.67
801151.07]29.71[19.1 | 35 | 60 | 40 << | 136.22 |165.93
81)151.83(30.4 [19.4 | 35 | 60 | 40 << | 136.6 |167.06
82(151.08(29.78/10.1 | 35 | 60 | 39 << | 136.19 | 165.97
g3/151.05(29.78[19.6 | 35 | 60 | 40 << | 136.16 |165.94
84/150.90|29.83[19.5 | 35 | 60 | 39 << | 135.99 | 165.82 !
85(150.93/29.98(19.0 | 35 | 60 | 39 << | 135.94 [165.92
86[150.92(20.07/18.8 | 35 | 60 | 38 << | 135.89 | 165.96 3
87(150.98(29.95(19.8 | 35 | 60 | 40 << | 136.01 |165.96 |
88[151.2330.3619.7 | 35 | 60 | 10 << | 136.05 | 166.41
89{150.97(29.9 [19.0 | 35 | 60 | 39 << | 136.02 |165.92
90{151.00]29.76{19.3 | 35 | 60 | 39 << | 136.21 |165.97 ‘
a1 151.16(39.97[19.1 | 35 | 56 | 39 << | 136.18 |166.15 \




HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

BPLN Preseal Data (Continued)

147- | 29.4-|18.5- !
153 30.6 [ 21.5 {235 | 250 | =35 s3:1 :
LDC |SN| Fq BW Ly IS | Spp|Ssp| VSWR| F | Fy ;
|
8-19-77 | 92|151.10 |30.08{19.1 | 35 | 60 | 39 << | 136.06 | 166.14 !
' 93/151.18 [29.95/18.9 | 35 ' 60 | 39 << | 136.21] 166.16 ' 4
94(151.21 |39.84/18.8 | 35 | 60 | 39 << | 136.27| 166.11 3
95{151.25 | 29.88/18.8 | 35 | 60 | 39 << 1136.39] 166.19 ,
96[151.13 |29.87[19.4 | 35 | 54 | 39 << |136.2 | 166.07 i
971151.27 {30.06/20.0 | 35 | 60 << 1136.24166.03 <
98/151.10 |29.93/19.4 | 35 | 60 | 40 << | 136.14 166.07 -
99(151.09 |29.94/20.2 | 35 | 55 | 38 << | 136.12 | 166.06 s
100/150.99 [29.83]20.1 | 35 | 55 | 40 << | 136.08 | 165.91 R
101/151.00 [30.27/19.9 | 35 | 56 | 40 << |135.87 | 166.14 |
'102|151.26 |29.72/19.4 | 35 | 54 | 40 << | 136.44 | 166.16 I
103|151.24 [29.94/19.4 | 35 | 60 | 40 << | 136.27| 166.21 |
8-22-77 1104|151.02 |29.84|19.1 | 35 | 55 | 38 << [ 136.10 | 165.94 !4
105{150.8+ |29.86(19.2 | 35 | 60 | 38 << |135.88 ] 165.74 t
106[150.8 [29.66{19.3 | 35 | 55 | 38 << | 135.97 | 165.63
107|151.09 |{30.02{19.8 | 35 | 60 | 40 << {136.08 | 166.10 7
108/150.85 |[29.74/19.3 | 35 | 60 | 38 << |135.98 | 165.72 ¥
8-26-77 [109/150.87 |29.79/19.5 | 35 | 58 | 38 << 1135.98 | 165.77 2
110{151.24 |29.80/19.2 | 35 | 60 | 40 << |136.34 | 166.14 ;
111[150.77 |39.70[19.4 | 35 | 55 | 38 << {135.92 | 165.62 .
112{151.06 |30.12(18.8 | 35 | 50 | 38 << | 136.00 | 162.12 [z
113[151.14 |29.92[19.3 | 35 | 55 | 38 << |136.18 | 166.10 'y
114{150.98 |29.93[19.5 { 35 | 58 | 39 << |136.02|165.95 }_
115/150.87 |29.9+|19.6 | 35 | 55 | 38 << |135.92|165.83 |
12-21-77 {116 {151.27 |30.04[19.7 | 35 | 60 | 39 << {136.25 | 166.29 L
12-22-77{117/150.895]/29.45{19.4 | 35 | 60 | 38 << |136.17 | 165.62 |
118)150.86 [30.14|19.1 | 35 | 60 | 38 << |135.79 | 165.93 i3
119]151.3¢ |29.64[18.6 | 35 | 56 | 35 << |136.48 | 166.12 ]
120(151.034|29.71{18.8 | 35 | 53 | 38 << |136.18 | 165.89 5
121(150.975[19.79[19.9 | 37 | 59 | 38 << | 136.08 | 165.87 4
12-23-77 {122 (151.32 |29.76[19.7 | 35 | 60 | 38 << | 136.44 | 166.20 3
123(151.11 (29.56(19.7 | 35 | 60 | 39 << |136.36 | 165.86 g
124[151.07 [19.54|19.6 | 35 | 60 | 37 << |136.30 | 165.84 - 3
125(151.025(29.71{19.9 | 35 | 60 | 39 << |136.17 | 165.88 {f“
126 151.28 |29.72{19.7 | 35 | 60 | 39 << | 136.42 | 166.14 ‘
1-3-78 [127/151.25 [29.70{18.9 | 35 | 56 | 37 << |136.40 | 166.10 ?
128150.98 [29.84/19.7 | 35 | 50 | 39 << |136.06 | 165.90 '3
129(151.27 [29.56{20.2 | 35 | 55 | 40 << |136.49 | 166.05 '
4-10-78 1130]150.595(29.55/19.1 | 35 | 65 | 41 << |135.82 |165.37 :
131{150.775(29.59/18.9 | 35 | 65 | 46 << |135.98 | 165.57 2
132{150.735(29.67[18.5 | 35 | 65 | 47 << | 135.90 | 165.57 5
133(150.925(29.75(18.6 | 35 | 66 | 49 << | 136.05 | 165.80 ]
134 (151.125/29.89/18.8 | 35 | 67 | 38 << | 136.18 | 166.07 i
135(150.85 |29.90[19.4 | 40 { 61 | 38 << |135.90 | 165.80 g
136 {150.895/29.89[19.2 | 36 | 65 | 39 << |135.95 | 165.84 I
|




LDC

4-10 78

4 11-78

5-1-178

5-8 78

5-19-178

S, .

137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181

——— e A

150.
151.
150.
150.
150.
150.
L0

151

150.
150.
150.
150.
150.
150.
150.
150.
150.
151.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
. 045
.07
.02
151.
150.
150.
150.
150.
L025

151
151
151

151

150.
150.
150.
150.
150,
150.
150.
150.

BPLN Preseal Data (Continued)

86
085

925

9352

61
76

74

775642

85
93
945

9652
8351

875
82
11
865
835
845

07512

81
855

695612
845} 2
29,
29,
30.
29,
30.
3o0.
39.
29,
29,
39,
29,
29,
30.
29,
. 86
29.
29,
29,
30.

29,

955
83
855

83
945
80

755

845
765
66

665
845
865
66

615

29.

30.

4

6

BwW

29. 94

.85

o

RS

.87

29.88
29.80

02

29,82

.65

20,80
20,9

.75
.71
.89
.01
. 86

20.82

19

. 89
.89
.91
.95
.90
.93
.69
.93

99
98
05
65
12
18
94
98
83
66
99
95
1
93

63
85
a3
08
87

20.
19,
20.
20.
19.
18.
20.
18.
19.
18,
18.
18.
19.
20.
19.
18.
19,
19.
18.
19.
19.
19,
19,
19,
19.
18.
19.

18.
19.
18,
20.
19,
18.
19,
20.¢
18.
18.
19.
19,
19,
19.
18.
19.
149,

ST XSV Le e D =~ O~ 3C XL T—=CLL = S0

~ — - ~ —
_—— . —— al] T AT

=35
S

35
35
35
35
35
35
36
35
35
35
35
35
35
35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~35
~30
~35
~35
~35
~35
~35

SL

=50 | =35 ~3:1
Spr [ Ssp | VSWRL Vi | P
65 | 41 | << | 135.89 | 165.83
65 | 39 | << |136.16 | 166.01
62 | 39 | << | 136.05 | 165.80
67 | 39 | << | 136.00 | 165.87
66 | 38 | << | 135.67 | 165.55
66 | 36 | << | 135.86 | 165.66
65 | 30 | << |135.99 | 166.01
65 | 37 | << | 135.83 | 165.65
66 | 38 | << | 135.95 | 165.60
67 | 37 | << |135.95|165.75
66 | 37 | << | 135.98 | 165.88
67 | 37 | << | 136.07 | 165.82
56 | 38 | << | 136.11 | 165.82
62 | 39 | << |135.89 | 165.78
68 | 38 | << | 135.87 | 165.88
56 | 37 | << | 135.89 | 165.75
62 | 38 | << | 136.20 | 166.02
66 | 38 | << | 135.92 | 165.81
66 | 37 | << | 135.89 | 165.78
63| 37 | << | 135.89 | 165.80
62 | 39 | << | 136.00 | 165.85
63 | 38 | << | 135.86 | 165.76
65 | 36 | << | 135.89 | 165.82
60 | 40 | << | 135.85 | 165.54
66 | 38 | << | 135.88 | 165.81
59 | 37 | << | 135.96 | 165. 95
62 | 39 | << | 135.84 | 165,82
66 | 37 | << | 135.83 | 165.88
65 | 37 | << | 136.22 | 165.87
65 | 30 | << | 136.01 | 166.13
65 | 38 | << |135.93 |166.11
65 | 38 | << | 136.20 | 166.14
63 | 37 | << | 135.84 | 165.82
65 37 << | 136.03 | 165. 86
63 | 39 | << | 135.97 | 165.63
65 | 30 | << | 135.76 | 165.75
65 | 37 | << | 136.05 | 166.00
63 | 36 | << | 135.79 | 165.90
70 | 36 | << | 135.80 [ 165.73
20 | 37 | << | 135.73 | 165.59
70 | 36 | << | 135.85 | 165,48
20 | 37 | << | 135.92 | 165,77
70 | 37 | << | 135.90 | 165,83
70 | 36 | << | 135.67 | 165.70
70 | 36 | << | 135.68 | 165.55

o el -
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HUGHES FULLERTON
Hughes Awrcratt Company
Fullerton. Calitorma

BPLN PRESEAL DATA (Continued)

T T YT T T
147- 29.4-|18.5-
153 30.6 |21.5 ) 235 | =50 | =235 =3:1

LDC SN bo BW Lins bSL SFT bSP VSWR PLO l}”
5-19-78 | 182(150.845/29.75[19.1 | ~35 70 | 37 << | 185,97 (165,72
1831150.67 29.70(18.8 | -35 70 | 36 << | 135.82 | 165,52
1841150.80 [29,88119.0 | ~35 70 36 << ] 135.86 | 165.74
185(150.87 {29.90(19.2 ] =35 70 | 37 << | 135.92 [ 165.82
186(150.725129,.97(19.0 | ~35 70 | 36 << | 135.74 1 165. M
187]150.805]29.91)19.3 | 35 70 | 37 << | 135.85 | 165.76
1881150.64 [29.86(19.1 | ~35 70 | 36 << j 135.71 | 165.57
189(150.89 (30.00{20.4 } -35 70 | 39 << | 135.89 | 165.89
190(150.805{29.91{18.9 { >35 70 | 37 << | 135.85 | 165.76
191/150.785|29.69;19.2 | ~35 70 | 37 << | 135.94 | 165.638
192]1150.71 }39.96]19.1 | ~35 70 37 << | 135.73 | 165.69
193]150.835}29.77]/19.1 | ~35 70 | 37 << | 135,95 [ 165.72
1941150.675(29.67119.3 | ~35 70 37 << ] 135.84 | 165.51
5-23-78 [ 195{150.655{30.13(19.2 ( ~35 70 | 37 << | 135.59 | 165,72
196150.895|29.9119.4 | ~35 70 39 << | 135.94 [ 165.85
1971150.845[/29.91[19.1 | ~35 70 38 << | 135.89 | 165. 80
1981150.78 [29.94(19.4 | ~35 70 39 << | 135.81 | 165.75
199(150.80 {30.00(18.9 | ~35 70 37 << | 135.80 ] 165,80
2001150.575 29.83({19.1 | ~35 70 | 37 <~ | 135.66 | 165.49
201150.765(29.83{19.3 | ~35 70 37 << | 135.85 | 165.68
202]150,855)29,.81119.0 | >35 70 | 37 << | 135.95 | 165.76
2031150.88 |29.78/19.0 | ~35 70 317 << | 135.99 j165.77
204(150.98 129.950[19.3 ] ~35 70 | 37 << | 136.03 | 165,93
205|150.775(29.67{19.1 { ~35 70 37 << 1 135.94 | 165,61
20671150.57 §29.86119.3 | ~35 70 36 << | 135.64 { 165.50
2071150.79 j29.84(19.2 | ~35 70 37 << | 135.87 | 165.71
2081150.83 |29.94119,2 | ~35 70 38 << ] 135.86 | 165.80
2097150.93 {29.80(19.4 | ~35 70 | 38 << 1 136.03 1 165,83
210[150.82 129.88(19.6 | ~36 70 38 << | 135.88 | 165.76
211§150.82 129.90719,7 | ~35 70 38 ~< | 135,87 | 165,77
2121150.805]29.91|19.3 | ~35 70 38 <~ | 135.85 | 165.76
213(150.795[29,79[18.9 | 35 70 37 << | 135.90 | 165.69
2141150.845{29.87(19.2 | ~35 70 | 38 << 1 135.91 1154.78
5-24-78 | 215]150.85 ]29.84(19.7 | ~35 70 38 << | 135.93 | 165.77
216 1150.675[30.29[18.7 | ~35 70 37 << | 135.53 | 165,82
2171150.68 [29.80119.2 | ~35 70 37 << | 135,78 | 165.58
218(150.83 {19.96(18.8 | >35 70 36 << 1 135,85 | 165. 81
219(150.79 130.02({19.1 | ~35 70 27 << 1 135.78 1 165.80
220(150.91 |29.84(19.5 | ~35 70 38 << | 135.99 1 165,83
2211150.99 |29.84}19.5 | ~35 70 37 << |} 136,07 | 165.91
2221150, 925(29.93119.3 | ~35 70 37 << ] 1356096 | 165,89
223(150.94 129.84(19.3 | ~35 70 37 << | 136,02 1 165,86
2241150.895(29.85(19.2 | ~35 70 37 << | 136,97 | 165,82
2251150.905]29.81{19.2 | ~35 70 37 << I 136,00 | 165,81
226 (150,90 |29.82{19.9 | ~35 70 R << | 135,99 [ 165,81
2271150.71 30.50»19.4J ~35 70 | 37 << | 135.46J 165. 96

XVI-5 |

NI St i o Mttt NSt i iR A St s o e

e e e p—



: XVli-6

Baa. oo
EILN PRESEAL DATA (Continued)
147- |29.4-[18.5-
153 [30.6 |21.5 | =35 | =50 | 235| u3:1
LDC | SN\ Fg | BW LI Ssn| Ser |[Ssp | VSWRY Fio | Fy
NSNS S

5-24-78 | 228{150.485(29.7319.1 | >35 | 70 | 36 | << |136.12 | 165.85
229(150.845|29.89(19.3 [ >35 | 70 | 37 | << | 135.90 |165.79
230{151.065(30.19{20.4 [ ~35 | 70 | 40 | << | 135.97 | 166.16
231(150.93 |29.9820.0 |>35 | 70 [ 38 | << |135.94 | 165.92
232/150.695(30.09/19.0 | ~35 | 70 | 36 | << | 135.65 | 165.74

5-31-78 | 233{150.935/30.13[19.6 | ~35 | 66 | 38 | << |135.87 | 166.00
234150.85 [29.94{19.5 | ~35 | 67 | 37 | << |135.88 |165.82

6-1-78 | 235(150.85 {29.8219.4 |>35 | 68 | 37 | << | 135.94 |165.76
236/150.82 [30.0019.6 [>35 | 68 | 38 | << | 135.82 | 165.82
237(150.795(30.13]20.1 {35 | 67 | 39 | << | 135.73 |165.86
238150.78 [29.76(19.7 |35 | 68 | 38 | << | 135.90 | 165.66
239/150.81 [29.8819.8 | 35 | 68 | 38 | << |135.87 | 165.75
240(150.75 |29.62(19.4 |~35 | 60 | 38 | << |135.94 | 165.56
241150.83 [29.9619.6 |35 | 68 | 38 | << | 135.85 | 165.81
242|250.92 (30.34(19.3 {~35 | 68 [ 38 | << |135.75 {166.09
243150.76 [20.98(19.5 [~35 | 68 | 37 | << |135.77 |165.75
244(150.82529.85(19.3 [ >35 | 68 | 37 | << |135.90 | 165.75

6-5-78 |145(150.75 [29.74{19.3 [~35 | 68 | 38 | << | 135.88 | 165.62
246 |150.855(30.11(19.5 [ 35 | 68 | 37 | << | 135.80 | 165.91
247(150.70 [29.70(19.3 [~35 | 67 | 37 | << |135.85 |165.55
248150.88 [19.72(19.9 [~35 | 68 | 37 | << |135.82 | 165.54
249(150.93 20.74[19.7 [~35 | 68 | 39 | << |136.06 |165.80

250 [150.615(29.45/20.7 [~35 | 62 | 39 | << |135.89 [165.34

251 [150.59 |29.64(18.6 |~35 | 66 | 36 | << |135.77 | 165.41
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Appendix XVII

PHASE 1V FINAL ELECTRICAL DATA
FOR BPLN DEVICES

BRI S i 4 0




HUGHES-FULLERTON
Hughes Aircraft Company {
Fullerton, California !

BPLN FINALS ;

29.4-|18.5- :
147-153130.6 121.5 | =235 |=250 {235 | <3:1
LDC (SN f [ BW |L__ |Sq |Sg |Sgp | VSWR o fis
5-5-78 | 1
4!151.115|29.65| 19.4 | >35 | 55 | 37 165. 94
5(150.865{29.93| 20.7|>35 | 62 | 38 165.83
6(150.955|29.51| 20.8 | >35 | 64 | 38 . 165.71
7/150.985[29.43| 20.0 | >35 | 55 | 39 << 136.27 |165.70
8(150.965]29.87| 19.3 | >35 | 61 | 37 165.90
10
13(131.115(29.67{ 19.4 | >35 | 52 | 37 << 136.28 |165.95
14{151.205|29.93| 19.2 | >35 | 55 | 37 << 136.24 |166.17
15(151.095]30.03| 19.2 | >24 | 57 | 37 166.11
16
17
18150. 92 19.6 |>35 | 64 | 38 165.88
9 165.33
20
21(151.065(29.73| 19.1 {>35 | 50 | 38 165.93
22
23(151.06 [29.70| 19.4 |{>35 | 54 | 37 165.91
24
£5(150.84 [29.40] 21.3 |>35 | 56 | 40 << 136.14 {165.54
65 (150.915(29.93| 19.7 |{>35 | 62 | 39 << 135.95 (165.88
66 §
:
67 [151.205/29.99| 20.3 |>35 | 54 | 40 << 136.21 [166.20 Y
68 [150.905(29.49 | 19.4 |>35 | 63 | 39 << 136.16 |165.65 ;
69 A
!
70 ]151.225/30.27 | 18.8 |>35 | 63 | 37 136.09 |166.36 I
72 g
74 1150.93 [29.98 | 18.9 |>35 | 64 | 37 135.94 |165.92 &
75 k‘
76
77 |150.965 [29.99 | 19.0 |{>35 | 60 | 37 << 135.97 |165.96 Z
78 151.32 [29.72 | 21.1 |>35 | 58 | 41 136.46 |166.18 ;
79 ;
81 ;
81 |150.94 [29.4 |19.3 |>35 |50 | 38 136.24 |165.64 t
82 :
83 23.1
84 [150.80 [29.94 [19.5 {>35 |65 | 37 135.83 |165.77
XVII-1




BPLN FINALS (Continued)

29.4- [18.5-
1 147-153/30.6 {21.5 |[235 |250 |{235 | =3:)
LDC [SN | f BW (L, o |Sgp [Sg |Ssp| VSWR flo fis
5-5-78| 85/150.89 |29.98| 18.9 |>35 62 | 37 << 135.90 {165.88
3 86/150.89 [30.06| 18.7 |>35 66 | 36 << 1135.86 [165.92
; 87 .
88
90
91[151.05 {29.86| 18.9 |35 58 | 39 << 136.13 [165.99
92(151.01 |29.82| 18.9 [>35 43 | 37 << 136.10 |165.92
109]150.77 |29.68| 19.4 |>35 53 | 37 << 135.93 |165.61
112{150.92 [29.94| 18.8 |>35 51 | 36 << 135.95 |165.89
113/150.93 [29.58 | 19.1 |{>35 57 | 37 << 136.14 [165.72
114(150.865(29.79| 19.3 |>35 56 | 37 << 135.97 |165.76
116/151.215/30.03 | 19.7 |>35 58 | 38 << 136.20 |{166.23
117{150.08 [29.44| 19.2 |>35 55 | 36 << 136.08 |165.52
118|150.76 |29.70| 19.1 |>35 53 | 36 << 135.91 {165.61
119(151.40 [29.73 | 18.7 [>35 62 | 36 << 136.37 |166.10
121{150.95 |29.62 | 18.7 |>35 55 | 37 << 136.14 |165.76
122(151.17 |29.94| 19.8 [>35 55 | 87 << 136.20 |166.14
1241150.885(29.43 | 19.4 [>35 52 | 36 << 136.17 |165.60
126(151.115]29.71 | 19.6 [>35 57 | 36 << 136.26 [165.97
1271151.10 |29.62 | 18.8 |~35 62 | 35 << 136.29 |165.91
128150.915(29.87 | 19.6 [>35 65 | 37 << 135.98 {165.85
129{151.125(29.89 | 20.1 [>35 50 | 38 1136.18 [166.07
101 ‘
125(151.01 [29.70 | 19.8 [>35 65 | 39 << 136.16 |165.86
271150.90 |29.50 | 18.8 |>35 55 | 38 << 136.15 [165.65
29 {151.345(30.01 | 19.5 [~35 50 | 48 << 136.39 |166.35
34(150.86 [29.62 | 20.3 1 35 50 | 38 << 136.05 |165.67
35(150.94 [29.8 |19.4 [>35 54 136.04 |{165.84
36{151.02 |29.8 |19.5 |35 65 136.12 |165.92 .
37(150.80 |29.76 | 18.8 [>35 55 135.92 |165.68 :
39 ' §
40 [151.25 |29.72 | 19.0 }35 61 136.39 |166.11 ;
43 850,89 135.69 [166.38 g
45 i
46 [150. 845 29.3; 18.8 P35 63 | 36 << 135.85 |165.84 :
47 29, 8 165.92
49 (151.01 (29.92 | 19.2 P35 60 165. 97
52
53
54
55
57
58 [150.78 [29.74 | 20.6 |35 50 165. 65
60
61 [150.96 [29.88 |19.9 | 35 59 165. 90
| 63 i




HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

BPLN FINALS (Continued)

—— S )
i I 29.4- (18.5-
147-153/30.6 |21.5 |235 |=250 |235 | =3:1 ]
‘ LDC SN | ﬁ BW L. o {Sg ISg [Sgp | VSWR o i
5-16-78| 93
94
97 23.7
a8
99
04
105 | .
107 '150.98 {29.84{ 19.9 | 35 | 70 | 39 '1136.06 [165.90
110 P
130 {150.57 [29.46] 19.1 |~35 | 70 | 37 125.84 |165.30
131 (150.745/29.65 | 19.1 |35 | 64 | 36 << 135.92 |165.57
132 |150.623(29.87 | 18.8 [~35 | 50 | 35 << 135.69 |165.56
134/151.045/29.73 | 19.1 |~35 | 65 | 37 << 136.18 |165.91
135(150.775(29.71 [ 19.4 [~35 | 69 | 38 << 135.92 |165.63
136 (150.875|29.87 | 19.2 [~35 | 60 | 38 << 135.94 |165.81
137 [150.845/29.95 | 20.7 [~35 | 70 | 41 << 135.87 |165.82
138 {151.065/29.93 | 19.0 |~35 | 70 | 37 << 136.10 [166.03
139 1150.905/29.81 [ 20.4 |~35 | 69 | 39 << 136.00 |165.81
140 [150.87 [29.96 | 20.3 {~35 | 66 [ 39 | << 135.93 [165.89
141 1150.595]29.99 | 19.4 |~35 | 67 | 37 << 135.60 |165.59
142 [150.725(29.77 | 18.6 1~35 | 70 | 36 << 135.84 |165.61
143 [150.92 [30.02 | 20.2 (~35 | 65 |39 | << 135.91 [165.93
144 QUL
145 1150.77 [29.70 | 19.3 {~35 | 64 | 37 << 135.92 |165.62
146 [150.795(29.73 | 18.8 |~35 | 55 | 36 << 135.93 |165. 66
147 {150.915(29.95 | 18.7 |~35 | 65 | 36 << 135.94 |165.89
5-31-78| 96 151.055/29.83 | 19.4 [~35 | 67 | 38 << 136.14 |165.97
7-24-78 | 32 [151.04 [29.68 | 18.9 |~35 | 59 | 37 << 136.20 |165.88
33 (150,90 [29.92 |19.9 (~35 | 60 | 39 << 135.94 |165.86
38 (151.12 [29.72 [ 18.1 {~35 63 | 38 << 136,26 165.98
42 [151.29 [29.72 {19.5 |~35 | 63 | 40 << 136.43 |{166.15
133 {150.92 {29.80 [ 18.6 [~35 | 64 | 37 << 136.02 {165.82
148 [150.88 [29.88 [18.5 [~35 | 64 [ 37 < 135.94 |165.82
] 96 [151.115(29.89 | 19.5 [~35 | 62 | 38 << 136.17 [166.06
1 150 [150.83 {29.88 |20.1 [~35 | 61 | 38 << 135.89 1165.77
L | 151 [150.905 (30.03 | 19.9 |~35 | 63 | 37 << 135.89 165,92
l 153 [151.19 {29.98 {19.7 [~35 | 64 | 39 << 136.20 [166.18
154 [150.905(29.91 | 19,2 [~35 | 65 | 37 << 135.95 |165.86
155 (150,855 |29.93 | 18.7 |[~35 | 62 | 37 << 135,89 |165.92 |
156 150.74 {29.74 {19.3 |~35 | 60 | 39 << 135.87 |165.61 :
157 [151.075(30.11 |20.2 [~35 | 61 | 40 << 136.02 ]166.13 1
159 (150,895 (29,95 [19.1 |~35 | 64 [ a7 << 135.92 [165.87 i
161 ouT 5
164 [150.905(30.25 | 18.9 [~35 | 64 |37 i 135.78 |166.03 {
165 [151.175({29.75 |19.0 [~35 | 65 |37 s 136.30 |166.05 i
169 150. 855 [29.99 [ ta.1 |~35 | 59 | 38 <% 135.86 [165.85 H
1
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BPLN FINALS (Continued)

LDC

SN

147-

f0

7-24-78

170
171
174
175
176
177
178
179
182
183
184
185
194
193
196
197
198
199
200
202
203
204
205
206
207
208
209
210
212
213
214
215
216
217
218
219
220
222
223
224
225
226
227
228
229
230

150.
150.
150.
150,
150.
150.
150.
150.
150.
150.
150.
150.
150.

150.
150.
150.
150.
150.
150.
150

150.
150.
150.

150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
150.
151,
150
150

150
151.
151
150.
151.

153

985
855
95
84
68
735
855
915
835
755
85
93
74

985
88
805
84
61
86

.93

915
645
87

a3

865
875
815
855
68

805
785
835
925
06

. 945
.885

. 755

27

.02

905
09

29
30
B

29
29

29

29

30
29
29
29
20

30.
30.
29.
29,
29.
28,

29.
29.

29,
29.
29.
30.
29.
29.
29.

29.
30.
29,

29.

29,
29.
29,
29,
30.
29.
29.
30.
29.
29.
29.

.4-
.6

W L

.87
.6
2

.94

‘93

.07
.66
.70
.89
.18

1} 18.

18.5-

21.5
ins

19.
19.
18.

19.
19.
19.

P
w0

[~J7-TN7- B B - U -

—
R
o OO

19,
19.
20.

. . e .
B O OWOUWOooOoOOoTUNO

CO L) B e © =3 W =3 ~3 = WO S

235 | 250 | 235 | <3:1
SSLP~§ﬁ Sgp | VSWR fo Mhi
.35 | 56| 39 << 136.05 |165.92
-35 | 60| 38 << | 136.02 |165.69
>35 | 57| 37 << | 135.85 |166.05
.35 | 64| 38 << | 135.84 |165.84
>35 65 37 << 135.76 {165.60
<35 | 61| 37 << | 135.86 |165.61
35 | 64l 37 << | 135.91 |165.80
.35 | 66 37 << | 135.96 |165.87
136.30 |165.37
<35 | 63| 37 << | 135.85 |165.66
<35 | 64| 39 << | 135.89 |165.81
<35 | 64| 38 << | 136.01 |165.85
>35 | 63| 39 | << | 135.85 |165.63
R
-35 | 64| 39 << | 136.07 |165.90
~35 | 64| 37 << | 135.94 |165.82
>35 | 64| 38 << | 135.83 |165.78
-35 | 65| 37 << | 135.83 |165.85
35 | 59| 37 << | 135.66 |165.56
>35 63 36 << 135.91 |165.81
535 | 621 37 | << |135.96 |165.80
35 | 65| 37 PORT™ 136.00 |165.83
35 | 64| 36 << | 135.64 |165.65
>35 | 62| 37 ,‘\<5§§;> 135.92 |165.82
~35 | 64| 37 §§§§§§§§§ 135.96 |165.90
35 | 64| 38 << | 135.98 |165.82
~35 | 63| 37 << | 135.89 |165.84
35 | 64| 37 << | 135.91 |165.84
35 | 63| 37 << | 135.87 |165.76
~35 | 64| 38 << | 135.93 |165.78
35 | 64| 37 << | 135.56 {165.80
>35 | 63| 38 << | 135.95 |165.66
35 | 64| 37 << | 135.84 |165.73
35 | 64| 38 << | 135.83 |165.84
>35 | 64| 38 << | 135.97 |165.88
~15 | 58| 38 << | 136.15 |165.97
35 | 63| 38 << | 135.99 |165.90
35 | 60 135.92 |165.85
>35 | 62 135.72 |165.79
35 | 63 136.44 [166.10
~35 | 63 136.17 |165.87
35 | 63 135.96 |165.85
35 | 62| 40 << | 136.00 |166.18
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HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

BPLN FINALS (Continued)

29.4-]18.5- W W W
147-153|30.6 |21.5 |=235 | =50 |=235 |s=3:1

LDC (SN fo BW Lins SSL Sft SSP VSWR flo fhi

— 1 —+

7-24-781231 [150.985129.95| 20.1 |>35 58 | 40 << 136.01 | 165.96
232 (150.74 30.14| 19.0 | 35 58 | 38 << 135.67 | 165.81
234 (150.85 [29.92} 19.5 | >35 63 | 37 << 135.89 |165.81
2351{150.9 129.9 | 19.6 | >35 62 | 39 << 135.95 [ 165.85
236 {150.835129.95( 19.5 | ~35 62 | 37 << 135.86 {165.81
237 |150.85530.09) 20.1 | >35 62 | 38 << 135.81 [165.90
238 [150.84 29.78| 19.6 | >35 64 | 39 << 135.95 {165.73
239 (150.85 {29.82 19.6 | >35 62 | 38 << 135.91 1165.79
241 (150.9 {30.06| 19.6 | >35 63 | 39 << 135.87 1165.93
242 (150.98 [29.7 19.3 | >35 64 | 39 << 136.13 [165.83
244 (150.85 {29.78! 19.2 | >35 63 | 37 << 135.96 ;165.74
245 |150.82 129.92] 19.4 | >35 63 | 37 << 135.86 [165.78
246 |150.8 129.94| 19.4 | =35 63 | 37 << 135.83 {165.77
247 (150.815(29.83| 19.4 | >35 64 | 38 << 135.90 }165.73
248 (150.72 |29.58| 19.7 | >35 63 | 39 165.51
11

26

250 1150.615(29.45) 20.7 | ~35 62 | 39 . 165. 39
251 (150.59 (29.64| 18.6 { >35 66 1 36 << 135.77 1165.41
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APPENDIX XVIII
PHASE 1V PRESEAL ELECTRICAL DATA
FOR PC-Q DEVICES




'VM, -

PC-Q PRESEAL

HUGHES-FULLERTON
Hughes Aircratt Company
Fullerton, California

45-55 : 25 <2.5:1
LDC SN IL Sgy, VSWR

10-14-77 1 45.0 33 <<
2 46.0 33 <<

3 45.4 33 <<

4 45.3 30 <<

5 45.1 27 <<

6 45.3 33 <<

7 45.5 32 <<

8 45,2 30 <<

9 45.3 30 <<

45.3 28 <<

45.4 27 <<

45.0 27 <<

46.1 28 <<

45.7 29 <<

45.8 31 <<

45.5 29 <<

45.5 32 <<

45.1 32 <<

45.1 32 <<

10-19-77 45.3 31 <<
45.3 30 <<

45.7 32 <<

45.1 32 <<

45.5 32 <<

45.5 32 <<

45.6 28 <<

45.3 29 <<

45.6 30 <<

45.3 31 <<

45.4 30 <<

45.2 30 <<

45.3 30 <<

45.2 31 <<

45.0 32 <<

46.2 32 <<

10-21-77 45 29 <<
45.3 30 <<

10-24-77 46.6 33 <<
45.5 26 <<

45.6 33 <<

45.7 30 <<

45.0 32 <<

45.3 32 <<

45.0 28 <<

45.0 30 <<

45.6 32 <<

46.2 32 <<

45.3 32 <<
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PC-Q PRESEAL (Continued)

45-55 >25 >50 >35 <2.5:1
LDC | sN IL Sst, SFT SSP VSWR
10-24-77 49 45.8 32 58 45 <<
50 45.1 32 59 45 <<
10-25-77 51 45.3 29 60 45 <<
52 45.8 33 60 45 <<
53 45.7 33 60 45 <<
54 45.2 28 60 44 <<
55 45.3 32 60 45 <<
56 45.5 33 60 44 <<
57 45.5 33 58 44 <<
58 45.2 30 60 44 <<
59 45.4 30 60 43 <<
60 45.7 33 60 44 <<
10-27-77 61 45.4 33 59 45 <<
62 45.2 33 60 46 <<
63 45.6 33 60 45 <<
64 45.7 34 60 46 <<
10-28-77 65 45.3 31 60 45 <<
66 45.4 32 60 45 <<
67 45.2 34 60 44 <<
68 45.2 32 60 46 <<
69 4.1 34 60 46 <<
70 45.3 32 60 45 <<
71 45.5 32 60 45 <<
72 45.0 32 60 45 <<
73 45.0 34 60 45 <<
74 45.0 26 60 45 <<
75 45.0 32 60 45 <<
76 45.3 28 60 45 <<
77 45.0 34 60 45 <<
78 45.0 32 60 44 <<
79 45.4 32 60 45 <<
80 46.0 34 60 45 <<
11-28-77 81 45.0 29 66 45 <<
82 45.0 32 63 47 <<
83 45.0 27 63 45 <<
84 45.0 36 63 45 <<
85 45.4 35 62 47 <<
86 45.5 32 63 45 <<
87 45.7 33 67 45 <<
88 45.3 34 70 45 <<
89 45.0 32 70 46 <<
90 45.0 35 60 45 <<
91 45.7 34 70 45 <<
92 45.5 34 83 15 << !
93 45.3 32 63 45 << :
94 45.0 32 64 45 << ;
95 45.1 35 63 45 << A
96 4.1 31 63 45 << r
i
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PC-Q PRESEAL (Continued)

HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

LDC

11-28-717

11-28-77

11-29-77

12-16-77

12-19-77

12-20-77

3-31-178
4-7-78

144

45-55 225 >50 85 2.5:1
IL Sqr, SFT SSP VSWR
45.5 31 62 45 <<
45.2 34 70 46 <<
45.1 35 63 45 <<
45.2 34 70 45 <<

I 45.0 32 70 45 <<

| 45.0 35 60 45 <<

' 45,0 34 64 45 <<
45.0 28 60 46 <<
45.0 35 63 45 <<
45.0 34 70 45 <<
45.6 26 62 45 <<
45.6 34 63 45 <<
45.0 30 64 45 <<
45.0 33 70 45 <<
48.7 34 66 45 <<
47.5 33 70 44 <<
45.7 27 55 46 <<
45.6 28 56 45 <<
45.0 25 56 46 <<
45.4 26 60 45 <<
25.2 27 60 46 <<
45.6 27 60 46 <<
45.9 27 60 46 <<
45.0 27 60 46 <<
45.1 27 60 45 <<
45.5 26 60 45 <<
45.4 27 60 46 <<
45.3 27 60 45 <<
47.4 26 60 45 <<
45.9 25 60 46 <<
45.5 30 60 45 <<
45.0 28 60 45 <<
45.6 28 60 45 <<
45.2 26 60 45 <<
45.5 26 57 45 <<
45.4 25 60 45 <<
45.3 26 60 45 <<
46.2 27 60 45 <<
45.2 30 58 45 <<
45.0 26 60 45 <<
45.3 28 60 45 <<
45.3 27 58 45 <<
45.5 26 53 45 <<
45.2 26 50 42 <<
45.3 34 60 47 <<
45.1 27 56 48 <<
45.6 27 60 46 <<
45.3 30 58 47 <<
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PC-Q PRESEAL (Continued)

45-55 225 250 235 <2.5:1
SN IL SsL - SFT Ssp VSWR
145 45.4 30 60 48 <<
146 45.5 30 52 46 <<
147 45.8 31 60 48 <<
148 45.3 33 52 48 <<
149 45.6 26 60 47 <<
150 45.0 30 60 48 <<
151 45.0 30 53 48 <<
152 45.7 25 60 47 <<
153 45.1 30 56 48 <<
154 45.5 29 56 47 <<
155 45.0 30 60 48 <<
156 45.0 30 60 48 <<
157 45,0 30 60 47 <<
158 45.0 33 57 49 <<
159 45.0 34 60 48 <<
160 45.4 30 56 45 <<
161 45.3 28 56 46 <<
162 46.0 26 56 45 <<
163 45.6 31 56 44 <<
164 45.4 33 56 15 <<
165 45.0 30 57 45 <<
166 45.1 33 56 45 <<
167 45.4 30 56 45 <<
168 45.8 31 56 45 <<
169 46.4 30 56 46 <<
170 46.4 30 57 45 <<
171 45.0 32 56 44 <<
172 45.3 33 56 44 <<
173 45.2 32 56 45 <<
174 45.2 33 57 46 <<
175 45.0 30 56 45 <<
176 45.1 31 56 45 <<
177 45.1 28 55 45 <<
178 45.0 28 56 45 <<
179 45.4 32 56 44 <<
180 45.3 28 56 46 <<
181 45.0 31 56 ! 45 <<
182 45.7 33 54 | 45 <<
183 45.8 30 56 45 <<
184 45.0 28 55 45 <<
185 45.5 31 50 46 <<
186 45.4 30 56 44 <<
187 45.3 30 56 | 44 <<
188 45.3 32 55 48 <<
189 45.5 26 55 44 <<
190 46.0 28 56 44 <<
191 45.0 28 56 44 <<
192 47.2 30 55 46 | <<
—— »
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i HUGHES FULLERTON
Hughes Awcratt Company
Fulleeton Calitornm
) PC Q PRESEAL (Continued)
15 55 ~ 25 ~50 ~ 35 <2.5:1
Lbhd SN 11, Ss1, SET Ssp VSWR
42678 | 193 46.1 29 55 45 .-
194 9.1 32 57 14 <
195 45. 9 26 55 46 o~
196 45.5 32 56 45 s A
197 45.0 32 57 45 o<
198 45. 1 32 56 45 <
199 15. 4 33 55 44 <e
200 45.1 33 56 15 “~
201 15.6 33 56 45 < .
202 45.0 30 56 15 <~ &
204 16. 0 29 56 15 “e /
5 6678 204 45.8 30 60 14 NN
§ 205 45.3 34 60 44 <
f 206 5.0 32 56 A4 o~ :
{ 207 45.2 32 60 44 . 3
3 208 15.0 32 60 43 < -
i 209 45,4 30 G0 44 -
! 210 45. 8 27 60 44 <~ L
k 211 6.6 34 56 46 N~ ¢
; 212 47. 4 32 60 47 NN y
; 213 45.1 K3 60 16 K -
2 ~ - ¥
? 5
i 3
¥
i
!
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APPENDIX XIX
PHASLE IV FINAL ELECTRICAL DATA FOR PC-Q DEVICES
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LDC

12-16-77

4-24-78

4-25-78

19
23
50
St
52
54
58
60
62
64
65
68
70

25
26
27
28
29

36

a8
39

41
42
43
44
15
46
47

1555 |
3--

L.
ins

435.
45.
45.
45,
45.
43.
45.
45.
45.
45.
45.
45.
45.
45.
45.
45.
45.
45.
45.
45.
45.
45,

WIS I — WXV S C WXL T— O

45.
45.

-
(2]
SO IWIS S G D Lo L1 2 =)D D &

F
o
[ M)

PCQ FINALS

S U S

32
25
29
30
3t
25
30
30
32
30
32
30
30
30
25
32
30
3
31
29
30
32

32

U rd

56
54
55
55
56
56
57
55
60
56
60
55
56
60
60
60
60
57
57

<

HUGHES FULLERTON
Hughes Aircratt Company
Fullerton, Calitormia

46

46
46
46
46
46
46
46
46

47
46
46

46 [

45
46
44
45
45
45
45
45
45
44
45
46
44
46
44
45
43
44
45
44
45
44
45

<2.5:1
VSWR

<«
<<
<<
LN
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<

RN
<<
<<
<<
<<

<<«
<<
<<
<<
<<
<<
<<
<<
<<
<<
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<<
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<<
<<
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<<
<<
LSEN
<«
<<
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e ’
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|
|

;
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|
|
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|
!
4-25-78 |

5-26-78

XIX-2

N

174

48

75

76

79

80

83

84

84

86

88
113
114
115
124
125
126
127
128
129
130
131
132
133
134
135
136
139

82

87
123
137
141
142
143
144
145
146
147
148
149
151
152
153
154

PCQ FINALS (Continued)

5-85
Iy

Jins
45.0

6.3
45. 6

—
-

45.
45,
45.
45.:
45,
47.
45.
45.
47,
46.
45.
45.
46.
46.
45.
| 45,
45.
46,
45.
4.
45.
45.
45.
45.
45,
45.

[543

-3

W

Ao 2o € S

hwma:«::;:ﬂ:uwuwcc,&.w

5. 4

33

RM

26
28
26
33

SN

(Ahz.

25

250 | e

56
56
53
54
36
55
55
55
56
56
53
97
56
56
57
57
56
56
56
60
G0
60
60
56

54
60
60
60
53
50
60
46
60
60
60

43
46

45
13
45
45
43
45
46
46
46
46
45
45
45
45
43
15
45
44
45
45
45
40
43
43
{2
43

{1
43
45
42

2
43
42

43
43

=2.5:1
VSWR
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<<
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N
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HUGHES -FULLERTON

‘ Hughes Aircraft Company
i Fullerton, California
PCQ FINALS (Continued)
45-55 225 250 >35 <2.5:1
LDC SN %ns Ssl Sft sp VSWR
5-26-78 155 45.0 32 60 43 <<
156 45.0 32 60 43 <<
157 AN

158 45.0 32 60 43 <<

5-30-78 159 45.0 32 60 43 <<

E 160 45.4 31 60 43 <<

3 161 45.2 28 55 44 <<

] 162 45.9 25 58 42 <<

163 45.6 31 60 42 <<

166 45.1 33 60 43 <<

167 45.3 30 60 43 <<

168 45.8 31 54 42 <<

169 46.4 28 60 43 <<

17 45.0 30 55 43 <<

172 45.6 33 58 43 <<

173 45.1 28 60 43 <<

174 45.3 31 60 43 <<

175 45.0 31 60 43 <<

176 45.1 32 60 43 <<

177 45.1 28 60 43 <<

178 45.0 27 52 43 <<

180 45.0 28 55 43 <<

181 45.0 29 52 43 <<

182 45.7 33 50 43 <<

183 45.8 29 58 43 <<

184 45.0 27 60 43 <<

185 45.3 30 58 43 <<

186 45.3 28 58 42 <<

187 45.5 30 54 42 <<

188 45.9 33 57 43 <<

190 45.9 27 57 43 <<

191 45.0 28 58 43 <<

192 47.0 30 57 44 <<

193 45.9 30 50 42 <<

195 45.8 25 55 43 <<

197 45.0 31 58 42 <<

198 45.0 31 59 43 <<

199 45.3 34 50 42 <<

200 45.0 32 55 43 <<

201 45.5 32 58 43 <<

202 45.0 31 59 43 <<

4 203 45.7 27 58 43 <<

7-25-78 2 45.3 33 60 47 <<

3 45.1 3 60 47 <<

6 45.5 36 57 45 <<

7 45.5 35 60 46 <<

v
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LDC

7-25-178

206
208
211
212
213

PCQ FINALS (Continued)

45-55
I‘ixls; l

WUN W U NOo

-
[24]
— DO OEOSODNMO

225 250 >35 <2.5:1
sl Stt sp VSWR
25 50 46 <<
32 52 47 <<
36 56 47 <<
35 60 47 <<
32 60 47 <<
36 60 46 <<
35 60 47 <<
36 60 47 <<
35 59 46 <<
31 55 47 <<
34 56 48 <<
27 58 47 <<
35 54 47 <<
35 60 46 <<
32 57 47 <<
31 60 46 <<
30 56 46 <<
34 53 47 <<
32 64 47 <<
32 56 46 <<
33 57 46 <<
34 56 46 <<
32 60 47 <<
31 60 46 <<
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APPENDIX XX
PHASE IV PRESEAL ELECTRICAL DATA FOR PCLN DEVICES
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HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, Calitornia

PCLN PRESEAL

LiNs SsL SFT

LDC 3043 220/25 =50

12-13-77 33.0 20 33 54
32.4 20 32 55
33.0 20 26 53
33.0 20 30 53
32.6 20 32 54
32.8 20 33 54
32.4 20 32 54
32.6 20 29 54
32.7 20 33 58
32.8 20 31 55
33.0 20 31 55
32.8 21 38 55
32.4 20 32 56
33.0 20 30 57
32.7 20 30 60
33.0 20 27 60
32.8 20 27 60
32.1 20 26
32.6 20 30
32.6 20 33
33.0 20 30
33.0 20 31
33.0 20 27
33.0 20 33
32.7 20 35
32.7 20 28
33.0 20 32
32.6 20 33
32.6 20 32
33.0 20 30
32.4 20 33
32.7 20 30
33.0 20 32
33.0 22 26
33.0 20 35
32.5 20 33
33.0 20 29
33.0 20 32
32.9 20 25
32.7 20 31
12-14-77 32.6 20 32
33.0 20 31
33.0 20 31
33.0 20 32
33.0 20 32
33.0 20 30
33.0 20 33
32.6 20 28

AL T SN RS Wy S . Y S




PCLN PRESEAL (CONTINUED)

LiNs SsL SFT Ssp VSWR
LDC SN 303 220/25 | =250 235 <3.5:1

a 12-14-77 49 33.0 20 32 58 40 <<
50 33.0 20 32 58 40 <<
51 33.0 20 32 60 40 <<
52 33.0 20 32 58 36 <<
53 33.0 20 33 55 36 <<
54 32. 4 20 33 60 40 <<
55 33.0 20 33 58 40 <<
56 33.0 20 30 60 37 <<
57 33.0 20 28 60 40 <<
58 33.0 20 31 55 38 <<
59 33.0 20 30 58 36 <<
60 33.0 20 33 60 38 <<
61 33.0 20 32 58 40 <<
62 32.5 20 28 58 36 <<
63 32.4 20 32 60 38 <<
64 33.0 20 30 54 40 <<
65 33.0 20 30 60 38 <<
66 32.7 20 33 60 40 <<
67 33.0 20 30 60 38 <<
68 32.2 20 32 58 38 <<
69 32.6 20 31 55 37 <<
70 33.0 20 30 60 40 <<
7 33.0 20 28 55 40 <<
72 32.4 20 33 60 40 <<
73 33.0 20 32 60 37 <<
74 33.0 20 33 60 40 i<
75 33.0 20 30 60 37 <<
76 33.0 20 31 60 36 <<
7 33.0 20 30 60 40 <<
78 32.7 20 33 60 40 <<
79 33.0 20 26 55 37 <<
80 33.0 20 28 58 36 <<
81 33.0 20 31 57 40 <<
82 33.0 20 30 60 38 <<
83 33.0 20 28 60 40 <<
84 32.7 20 33 60 39 <<
85 32.5 20 32 55 40 <<
86 32.6 20 31 60 40 <<
87 32.6 20 33 58 40 <<
88 32.2 20 32 58 40 <<
89 31.4 20 33 58 40 <<
90 32.6 20 33 55 38 <<
12-19-77 o1 33.0 20 32 57 38 <<
92 31.0 20 33 58 37 <<
93 32.7 20 33 56 38 <<
94 32.5 20 32 60 36 <<
95 32.8 20 33 56 38 <<
96 32.8 20 33 57 40 <<

XX-2

S e g T, FOL Wge




HUGNES-FULLERTON
Hughes Aircraft Compeny
Fullerton, California

PCLN PRESEAL (CONTINUED)

Lins SsL SFT Ssp VSWR
LDC SN 3023 >20/25 *50 35 <3.5:1

12-19-77 97 32.0 20 33 60 37 <<
12-20-177 98 32.9 20 30 60 38 <<
99 32.7 20 33 60 38 <
100 32.8 20 31 60 42 <<
101 33.0 20 34 57 37 <<
102 33.0 20 34 60 39 <<
103 32.6 20 26 60 40 <<
104 32.0 20 33 60 40 <<
105 33.0 20 32 60 40 <<
106 32.0 20 29 60 38 <<
3-14-78 107 32.7 27 29 54 43 <<
108 32.0 27 29 55 43 <<
109 32.8 26 29 54 42 <<
110 32.0 26 29 53 43 <<
5 111 81.7 28 28 54 43 <<
. 112 32.1 25 29 56 43 <<
: 113 32.8 26 30 53 42 <<
; 114 31.7 26 28 54 35 <<
‘ 115 32.5 25 30 56 42 <<
| 116 31.3 26 30 57 44 <<
117 31.8 23 28 55 43 <<
118 29,4 33 29 56 46 <<
119 33.0 20 28 54 35 <<
120 32.3 29 28 55 37 <<
121 32.3 26 29 55 43 <<
122 81.4 27 29 56 43 <<
123 31.9 29 27 55 43 <<
124 32.2 25 28 54 37 <<
125 32.1 29 27 56 37 <<
126 32.1 28 28 55 37 <<
127 32.5 30 27 55 37 <<
3-24-78 128 32.0 26 26 57 41 <<
129 32.0 26 30 57 35 <<
130 32.5 33 29 55 40 <<
131 32,6 29 27 57 37 <<
132 32.0 34 30 58 38 <<
133 32.8 32 30 56 43 <<
134 31.2 30 29 57 40 <<
135 32.6 27 29 56 36 <<
136 32.5 27 31 56 36 <<
137 32.8 32 30 57 39 <<
138 32.0 29 28 56 37 <<
139 81.7 32 29 56 38 <<
140 32.3 32 29 55 37 <«
141 33.0 33 29 56 42 <<
, 142 32.0 31 29 56 37 <<
143 33.0 29 27 54 35 <<

144 32,2 32271 | s6 | 38 | <«
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PCLN PRESEAL (CONTINUED)

Lins SsL SFT Ssp VSWR
LDC SN 3023 220/25 250 235 <3.5:1 1
3-24-78 145 31.5 33 27 56 40 <<
146 32.1 32 30 53 39 << .
147 32.6 28 40 54 37 << :
148 31.8 28 27 56 40 <<
149 31.9 34 28 55 39 <<
150 32.0 25 28 55 36 <<
151 32.5 27 27 55 39 << :
152 32.2 27 27 55 37 <<
153 31.6 27 28 56 39 <<
154 32,7 28 26 52 36 <<
155 32.6 27 28 52 36 <<
156 31.8 29 27 55 35 <<
157 31.6 25 28 54 38 <<
158 31.8 28 27 55 37 << i
159 32.2 28 28 54 38 << ¢
160 32.8 30 26 52 35 << .
161 31.5 23 27 56 38 << ;
162 31.5 28 27 54 38 <<
163 32.7 33 27 53 40 << :
164 31.4 26 26 54 39 << '
165 82.0 25 28 55 36 << .
5-17-78 166 32.0 25 31 53 40 << :
167 32.7 28 28 52 a3 << i
168 32.4 27 29 54 44 << e
169 32.0 27 29 56 40 << 3
170 32.2 2 29 55 43 << ‘
m 31.8 27 29 55 a4 <<
172 31.9 25 28 54 40 <<
173 31.8 28 28 55 a1 <<
174 32.1 28 28 55 43 <<
175 31.7 28 29 55 44 <<
176 32.2 27 27 54 43 <<
177 31.8 27 29 55 44 <<
178 31.7 27 29 54 44 <<
179 32.7 25 30 55 43 <<
180 32.3 26 26 56 37 <<
181 32.8 26 27 58 38 <<
182 31.6 28 27 57 38 <<
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APPENDIX XXI
PHASE 1V FINAL ELECTRICAL DAYTA FOR
PCLN DEVICES
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HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

PCLN FINAL DATA

! 4
Lins >20/25 ~50 >35 <35:1 ?
LDC SN 27-33 SsL Spr Sgp VSWR t
3-24-78 1 33.0 22 35 55 40 << .
2 33.0 21 35 56 40 <s
3 33.0 20 30 55 40 “<
4 33.0 22 31 55 40 < \
5 32.6 21 34 56 41 <<
6 32.9 22 33 55 40 <<
7 32.4 21 34 54 40 << k
9 32.7 21 34 55 40 <<
10 32.9 20 31 56 40 <<
11 32.9 21 34 50 40 <<
12 33.0 23 29 55 40 <<
13 32.5 21 29 56 40 <<
14 32.4 21 32 56 36 <
15 32.7 23 29 56 40 << 3
16 33.0 23 27 56 40 < !
17 32.7 20 27 57 40 << 5
18 32.1 22 25 57 40 << $
19 32.7 21 30 56 35 << ¥
20 32.6 21 34 56 40 <« ;
22 33.0 21 33 56 40 << i
23 33.0 20 28 56 41 << :
24 33.0 21 33 56 40 << §
25 32.5 21 35 57 39 <~ §
27 32.8 21 32 56 36 << :
28 32.5 21 35 56 40 <~ :
29 32.5 21 32 55 36 o<
31 32.3 21 32 56 38 <~ ¢
32 32.3 21 31 56 S0 <~
33 32.8 22 31 56 37 <<
34 32.8 23 25 56 40 “s
35 32.9 22 33 | 56 | 42 <~
36 32.3 2132 | 54 | 42 <
37 |€¢——— one port shorted———m—¥
38 32.8 21 32 56 41 <<
39 33.0 22 27 55 42 <~
3-27-178 4n 32.8 20 32 56 40 o< I
41 32.4 20 34 56 40 o~
42 33.0 20 33 55 43 << :
43 33.0 20 32 55 41 <~
44 32.9 20 35 55 41 o< X
15 33.0 21 33 55 41 “s
46 33.0 20 31 55 40 <~ ;
47 33.0 20 33 55 41 N ]
18 32.7 21 29 55 10 .
49 32.9 21 35 55 41 “ l
50 32.5 21 32 55 41 < t
I S N BN z
l
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[192 | a1z | 30 | s

1
PCLN FINAL DATA (Continued) 1
LDC Lins ~20/25 >50 >35 <35:1
SN 27-33 SsL Spr Sgp VSWR |
3-27-78 51 33.0 21 34 55 a1 << b
52 32.4 21 32 55 41 << ]
53 32.9 21 31 55 41 << ¥
54 32.2 21 34 55 a1 <<
56 32.9 20 32 56 41 <<
57 32.9 20 29 56 40 <<
58 33.0 21 33 55 41 <<
59 32.7 21 31 55 a1 <<
60 32.8 20 30 55 41 <<
61 32.3 20 30 56 41 <<
64 32.7 20 31 54 41 <<
65 32.3 20 30 56 41 <<
66 32.4 20 30 56 41 <<
67 32.5 20 31 55 40 <<
68 32.1 20 31 55 41 <<
69 32.5 20 28 56 41 << !
70 32.8 20 32 56 41 << H
7 32.2 20 28 56 42 << &
72 32.2 21 33 56 41 << ¢
73 33.0 21 34 55 41 << e
74} 840 22 33 56 41 << ¢
75 32.9 21 30 55 40 <<
3-28-78 76 32.9 21 32 55 41 << )
77 32.9 22 31 55 42 << §
5-16-78 118 OUT i
119 32.5 20 25 54 42 << 4
120 32.2 30 28 55 43 <<
121 32.3 28 23 54 43 <<
122 31.6 28 29 56 44 <<
123 31.8 31 28 55 43 <<
124 32.0 25 27 54 42 <<
125 32.0 30 29 54 43 <<
126 32.4 28 29 54 42 <<
127 32.5 32 28 54 43 <<
128 32.0 2 25 56 43 <<
129 32.0 26 30 55 42 <<
130 88,5
131 32.5 28 29 56 43 <<
132 32.1 29 30 56 43 << ,
133 32.7 27 29 55 43 <« H
134 31.0 31 27 56 44 << E
135 32.4 28 29 56 43 << i
136 32.4 27 30 55 42 << t
' 137 32.6 26 29 55 43 << !
138 32.4 30 28 54 43 <<
139 31.5 31 29 56 44 <«

XXI-2




HUGHES FULLERTON
Hughes Aircraft Company
Fullerton, Calitorma

PCLN FINAL DATA (Continued)

|
|

LbC LINs >20/25 1 ~50 ~35 <h3:1
DC SN 27-33 541, S Sgp VSWR

R SRR ,-_p__y___.vu__._,[-., S R SNNERGRNE SN

5-16- 78 140 32.0 34 28 54 43 <<
141 32.6 27 27 54 43 ~< :
143 32.8 27 27 54 42 << %
144 32.0 33 27 55 44 <« {
145 31.4 29 29 55 44 <<
146 31.8 30 29 55 44 <<
147 32.4 29 29 54 42 <<
148 31.7 29 28 54 45 << ;
149 31.7 27 28 56 44 <~ &
150 3.7 28 29 55 44 < g
151 32.2 28 30 55 44 N ,
152 32.0 28 28 55 44 <« 4

3-28 78 78 32.6 21 36 55 43 s
80 32.9 21 30 56 45 <
81 32.9 22 35 55 42 <~
82 32.6 21 28 56 43 <
83 32.8 22 28 56 42 < K
84 32.4 22 35 56 40 o< $

ﬁ 85 32.4 22 33 55 42 NN ¥

86 32.5 23 32 56 42 < >
87 32.4 23 34 55 38 “- -
88 31.9 23 34 55 40 . §
89 31.3 22 33 56 38 <<
90 32.5 23 33 56 36 << i
91 32.7 22 33 55 42 << |
92 30.9 22 33 58 40 <~
04 32.4 23 32 57 43 “<
a5 33.0 22 33 56 q2 <
96 32.7 22 34 56 42 v i
97 31.9 2233 58 42 << :
98 32.8 23 3t 57 42 <s
99 32.6 23 32 56 44 <<
100 32.6 22 33 57 42 «<

5 16 78 55 33 28 28 54 42 <
107 32.5 28 28 54 43 <<
108 32.1 25 25 54 40 <<
109 32.8 26 26 53 38 <
110 32.2 26 26 54 10 .
1t 3.7 28 29 54 40 <« ]
e 33.0 26 29 54 39 e j
13 32.2 27 30 54 12 r
114 31.8 27 29 53 35 o :
115 32.4 27 29 53 43 << z
16 31,4 28 30 56 A - '
117 31.8 27 U8 55 43 << '

516 78 153 31.8 28 30 55 44 < I
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PCLN FINAL DATA (Continued)
Lins >20/25 250 235 35:1 ]
LDC SN '2%33 SSL, Spp bsp VSWR 1
4
5-16-178 154 32,5 30 29 50 43 << Lﬁ
(Cont) 155 32.4 27 29 52 43 << A
156 31.8 30 26 55 44 <<
157 31.6 25 28 55 44 <<
; 158 31.9 29 30 55 44 <<
} 159 32,2 27 29 54 44 <<
3 160 32.6 30 29 52 42 <<
5-17 18 161 3t.4 22 25 56 44 <<
162 31.6~ 29 29 56 45 <<
163 32.9 27 27 53 43 <<
164 31.4 27 28 55 44 <<
165 - 84,4
7-25-78 123 32.0 30 27 53 40 o<
63 32.4 28 26 57 38 <<
21 32.8 31 26 56 38 <<
30-8 32.5 40 31 60 38 <<
142 32.0 21 26 55 37 <<
93 32.6 28 27 57 40 <<
167 31.6 23 28 60 36 <<
174 31.8 25 27 60 41 <<
178 31.8 25 28 60 39 <<
180 32.3 26 26 56 37 <<
181 32.8 26 27 58 38 <<
182 31.6 28 27 57 38 <
— »‘:
u
Y
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APPENDIX XXII
PHASE IV PRESEAL ELECTRICAL DATA FOR
TDL~-100 DEVICES
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TDL-100 PRESEAL

HUGHES FULLERTON
Hughes Aircraft Company
Fullerton, Calitorma

DC . 98-102 | 24-30 | >17 | 250 | >35 | 4.0:1
| fo | VNS | Ss| Spr| Sse | VSWR

11-9-77 1| 100.08 | 30 20 50 40 <<
2| 100.09 | 30 19 | 50 37 <<
3] 100.10 30 17 50 | 36 <<
4! 100.08 | 29 21 | 50 38 <<
5| 100.09 | 29 20 50 37 <<
6| 100.09 | 28 20 50 37 <<
7 100.09 | 28 21 50 38 <<
8| 100.09 | 28 20 50 38 <<
9| 100.08 | 29 21 50 37 <<
10 | 100,08 | 29 21 50 | 37 <<
11 { 100.08 | 29 20 | 50 37 <<
12 | 100.08 | 29 20 | 50 36 <<
13 | 100.08 29 20 | 50 36 <<
14 | 100.08 30 20 50 37 <<
. 15 | 100.09 | 28 20 50 37 <<
: 16 | 100.09 | 28 20 50 37 <<
17 | 100.08 30 19 | 50 36 <<
18 | 100.09 | 29 19 | 50 36 <<
19 | 100,08 30 20 50 36 <<
20 | 100.09 | 29 19 | 50 36 <<
21 100.10 28 7 50 35 <<
22 | 100.08 30 20 50 36 <<
23 | 100.10 30 17 50 | 36 <<
‘ 11-10-77 24 | 100.09 | 28 18 | 50 37 <<
1 25 | 100.09 | 30 18 | 50 36 <<
26 | 100.09 | 30 19 | 50 37 <<
27 | 100.08 30 19 | 50 37 <<
28 | 100.10 30 19 | 50 38 <<
29 | 100.10 30 17 50 36 <<
30 | 100.10 30 17 50 35 <<
31 | 100.10 30 17 50 35 <<
32 | 100.09 | 29 20 50 35 <<

33 | 100.09 30 19 50 36 <<

34 | 100.10 30 18 | 50 36 <<
35 | 100.08 30 19 | 50 36 <<
U-11-77 | 36 | 100.08 | 30 20 | 50 | 38 <~
37 | 100.08 30 19 | 50 38 <<
38 | 100.08 30 19 | 50 37 <<

39 | 100.09 30 19 | 50 36 <
40 | 100.09 30 19 | 50 37 <<
41 | 100.08 | 28 20 50 38 <<

42 | 100.08 | 28 20 50 36 << |

43 | 100.08 | 28 20 50 36 << |
_ 44 [ 100.09 | 29 19 | 50 36 <<
: 45 | 100.08 30 19 | 50 37 <<
i 46 | 100.08 30 20 50 36 <<

, B AL N U U e U B
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h‘—' o myrr— Ty
TDL-100 PRESEAL (Continued)
98-102 24-30 | 217 | 250 | =85 | 4.0:1
LDC z .
SN| f, | LINS | S5 | Spp| Sgp | VSWR
11-11-77 48 | 100.08 30 20 | 50 | 36 | <<
(Cont) 49 | 100.08 28 20 50 36 <<
50 | 100.08 28 20 50 36 <<
51 | 100.08 30 20 50 36 <<
52 | 100.07 30 20 50 36 <<
53 { 100.08 30 19 50 36 <<
54 | 100.08 30 20 50 36 <<
55 | 100.08 30 19 50 35 <<
56 | 100.09 29 19 50 37 <<
57 | 100.08 20 19 50 36 <<
11-14-77 58 | 100.09 30 19 50 36 <<
59 | 100.08 30 18 50 40 <<
60 | 100.09 27 19 50 39 <<
61 ( 100.08 29 19 50 37 <<
62 | 100.07 30 19 50 36 <<
63 | 10C.10 30 19 50 35 <<
64 | 100.08 29 19 50 37 <<
65 | 100.08 28 20 50 37 <<
66 | 100.08 30 19 50 36 <<
67 | 100.08 30 19 50 36 <<
68 . 100.09 30 19 50 36 <<
69 . 100.08 28 20 50 37 <<
70 | 100.08 30 19 50 37 <<
71 ! 100.08 29 19 50 37 <<
72 | 100.98 30 19 50 36 <<
73 | 100.08 28 20 50 37 <<
74 | 100.08 28 19 50 37 <<
75 | 100.08 28 20 50 37 <<
76 | 100.09 30 19 50 36 <<
11-15-77 77 | 100.10 30 20 50 35 <<
78 | 100.11 30 20 50 39 <<
79 |100.10 30 20 50 36 <<
80 | 100.09 30 19 50 36 <<
81 | 100.10 29 20 50 35 <<
82 | 100.10 29 20 50 36 <<
€3 |100.13 30 20 50 38 <<
84 | 100.11 30 19 50 36 <<
85 100.11 28 20 50 36 <<
86 |100.10 30 20 50 37 <<
87 |100.10 28 19 50 37 <<
88 {100.10 30 20 50 37 <<
89 |100.13 30 19 50 40 <<
90 |100.13 30 20 50 38 <<
91 |100.13 30 20 50 38 <<
92 1100.10 29 19 50 37 <<
93 |100.09 30 19 50 35 <<
94 |[100.08 30 18 50 35 <<
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HUGHES FULLERTON
Hughes Aircratt Company
Fullerton, Calttorna

TDL-100 PRESEAL (Continued)

98-102 | 24-30 | >17 | 250 | >35 | 4.0:1
LDC | SN fo LINS | i, | S | Sgp | VSWR
— T SE e m—
95 100,09 30 19 50 36 <<
96 100,09 30 19 50 35 <<
R 100.09 30 19 50 35 << \
98 100.06 30 19 50 36 << :
99 | 100.08 | 30 19 | 50 37 << :
100 100. 10 30 18 50 37 <<
101 100.09 30 19 50 39 <<
1-4-78 | 102 100,10 30 18 54 38 << e
103 100. 10 30 18 51 37 << ;
104 100.11 30 18 56 36 << 3
105 100,09 38 18 58 5€ <<
1-4-77 | 106 100.10 30 18 57 37 <<
107 100.11 30 18 58 36 << ¢
108 100.11 31 17 56 36 << :
109 100, 10 31 18 50 36 << .
110 100.10 31 17 54 35 << §
111 100,95 29 19 55 37 << :
112 100. 84 29 18 54 37 << ¢
113 100. 96 30 18 54 38 << :
114 100,97 30 18 53 35 << :
2-2-78 | 115 100.09 30 19 55 37 << | :
116 100.09 29 19 52 38 << | :
117 100.09 30 19 55 36 << 1 ¢
118 100. 10 30 18 50 37 << 8
119 100. 10 29 19 50 37 << | §
120 100.09 30 19 54 36 << ;
121 100.09 30 18 51 36 << | g
122 100.09 30 18 51 36 << |
123 100. 10 30 18 55 38 << :
124 100,09 30 18 55 39 <<
2-6-78 | 125 100,11 30 18 55 37 <<
126 100,11 30 18 57 39 .
127 100,11 30 18 57 38 <<
128 100. 11 30 17 57 38 <
; 129 100.11 30 18 57 38 <
: 130 100.11 30 18 57 36 <<
& 131 100. 11 30 18 53 35 <<
132 100,11 30 18 53 35 <~
3-20-78 | 133 100.09 28 19 50 38 <~
134 100. 10 30 19 50 36 <<
135 100,10 29 17 50 38 <<
136 100. 10 28 19 50 R¥i < ;
. 137 100, 11 30 17 50 37 <
3-21-78 | 138 100,08 30 20 50 38 <<
: 139 100.08 29 18 50 40 <<
| 8-27-78 [ 140 100,08 28 20 52 37 <<
141 100.08 | 28 | 19 51 36 <<
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¥




TDL-100 PRESEAL (Continued)

. 98-102 | 24-30| =17 | >50 | 235 | 4.0:1
SN £, LINS | Sg Spr| Sgp | VSWR
8-27-78 142 | 100.09 30 19 { 51 38 <<
(Cont) 143 | 100.08 28 20 52 37 <<
144 | 100.08 27 20 52 38 <<
145 | 100.09 28 19 | 51 37 <<
8~28-78 146 | 100.08 28 20 52 38 <<
147 | 100.08 29 18 | 52 39 <<
148 | 100.08 26 19 | 53 36 <<
149 | 100.07 28 20 52 36 <<
150 | 100.08 28 19 | 52 36 <<
151 | 100.09 29 20 52 36 <<
152 | 100.11 28 19 | 52 3s <<
153 | 100.08 28 20 52 36 <<
154 | 100.09 28 18 | 50 39 <<
155 | 100.08 30 17 50 35 <<
156 | 100.10 27 19 | 50 38 <<
157 | 100.10 26 19 | 53 38 <<
158 | 100.10 26 20 53 37 <<
159 | 100.07 27 18 | 53 35 <<
160 | 100.07 26 20 53 | 36 <<
161 | 100.07 27 18 | 53 35 <<
162 | 100.08 27 19 | 52 35 <<
163 |100.08 27 19 | 52 35 <<
164 | 100.08 27 18 | 52 35 <<
165 |100.08 29 18 50 35 <<
166 |100.09 28 20 52 36 <<
167 |100.06 30 19 | 50 35 <<
168 |100.08 30 19 | 50 35 <<
169 |100.09 29 20 51 38 <<
170 |100.09 29 20 53 36 <<
171 |100.08 29 18 | 50 36 <<
172 |100.08 29 19 | 51 35 <<
173 |100.08 28 20 53 37 <<
174 {100.08 28 19 | 51 36 <<
175 |100.08 29 19 52 36 | <«
176 |100.08 30 19 | 50 35 <<
177 1100.08 27 20 53 35 <<
5-18-78 178 28 20 52 35 <<
179 29 18 52 36 <<
; 180 29 20 53 37 <<
' 181 29 20 53 36 <<
182 28 20 54 37 <<
183 28 20 54 38 <<
184 28 19 | 53 37 <<
185 29 18 {52 36 <<
186 28 20 53 37 <<
187 28 19 | 53 36 <<
188 28 20 52 40 <<
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HUGHNES-FULLERTON
Hughes Aircraft Company
Fullerton, California

TDL-100 PRESEAL (Continued)

98-102 | 24-30§ =17 | 250 | =235 | 4.0:1
LDC SN fo LINS SSL SFT SSP VSWR
5-18-78 '

(Cont) 189 28 20 53 37 <<
190 28 20 52 36 <<
191 28 19 52 37 <<
5-31-178 192 28 20 50 38 <<

193 -] 203 Phase 3 Overage

| | |

e

£

XXII-5 (XXII-6 BLANK)
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APPENDIX XXIl
: PHASE IV FINAL ELECTRICAL DATA FOR
: TDL-100 DEVICES
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TDL-100 FINAL TEST

HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

fo Lins Ss1, SFr Sgp VSWR
LDC SN 98-102 24-30 217 250 235 4:1
3-27-78 2 100.10 28 20 52 36 <<
3 100.11 28 17 52 37 <<
7 100.09 27 20 53 38 <<
17 AN
20 100.09 28 20 52 38 <<
21 100.11 27 18 53 37 <<
25 100.09 28 19 51 37 <<
34 100.09 28 17 50 38 <<
51 1060.08 29 19 52 37 <<
60 100.08 27 20 53 38 <<
66 100.08 29 19 53 40 <<
84 100.10 27 20 53 40
87 100.10 27 18 52 40
90 100.13 30 17 51 38
105 100.09 26 20 53 36 <<
112
113 |[4— solder balls —»
127 100.10 27 19 52 39 <<
128 NG
133 100.10 26 19 52 37 <<
134 N
136 IN.
139 100.07 28 18 51 37 <<
3-29-78 26 100.09 29 20 50 41 <<
27 100.09 29 20 50 41 <<
28 IN
29 100.11 30 17 50 37 <<
32 100.09 29 20 50 36 <<
33 100.09 28 19 50 42 <<
35 100.08 29 20 50 40 <<
37 100.08 29 19 50 40 <<
38 100.09 29 20 50 40 <<
39 100.09 29 19 50 41 <<
40 100.08 27 20 50 39 <<
41 100.08 27 20 50 39 <<
42 100.08 28 20 50 39 <<
43 100.09 27 20 50 39 <<
45 100.09 29 20 50 42 <<
, 48 IN
i 49 100.08 28 20 50 38 <<
. 53 100.08 29 20 50 41 <<
: 54 100.08 30 20 50 40 <<
: 57 100.08 29 20 50 41 <<
: 58 100.09 29 19 50 40 <<
§ 59 100.09 30 19 50 42 <<
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TDL-100 FINAL TEST (Centinued)

1' fo Lins SSL SFT Ssp VSWR
“ LDC SN 98-102 24-30 217 250 235 4:1
| 3-29-78 61 100.09 29 20 50 41 <<
! 62 100.08 29 20 50 40 <<
63 IN
64 100.08 28 20 50 40 <<
65 100.08 27 20 50 38 <<
67 100.08 30 19 50 40 <<
— 68 100.10 30 19 50 40 << :
{ 70 100.09 30 20 50 40 << i
74 IN i
76 QuUT i
77 100.11 29 20 50 40 << %
78 i IN/OGUT §
79 100.10 30 17 50 39 << ¢
3-29-78 80 100.10 30 18 50 40 << b
81 100.11 28 19 50 37 << f
3-30-178 82 100.11 29 20 50 48 << b
83 100.13 29 18 50 48 << :
86 - OUT
88 100.11 27 20 50 39 <<
91 100.13 29 19 50 38 <<
92 100.11 28 19 50 36 << .
93 100.09 29 19 50 36 << v
94 o IN §
95 100.09 29 20 50 40 << 5
96 100.09 30 19 50 38 << H
102 100.09 27 19 50 37 << ¢
103 L OUT {
W b
107 IN 2
108 100.11 28 19 50 35 << Ny
110 100.11 27 20 50 35 <<
111 100.08 26 19 50 35 <<
115 100.09 26 20 50 35 <<
117 100.08 27 20 50 35 << _
118 100.09 26 19 50 36 << k
119 100.09 26 20 50 37 << i
4-8-78 1 100.10 29 20 52 T << i
4 100.11 28 20 52 36 <<
6 100. 09 28 20 53 37 << |
8 IN
12 100.09 28 20 54 36 2<
13 100.11 28 20 53 37 <<
14 IN/ouT
121 100.09 27 20 53 37 << ¥
124 100.09 2 19 53 37 << |
153 100.09 29 17 51 37 << s

Sy




TDL-100 FINAL TEST (Continued)

HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

f, Lins SsL SFT Ssp VSWR :
LDC SN 98-102 24-30 | =17 250 235 4:1 [
4-8-78 30 100.11 27 20 51 42 <<
76 100.11 27 20 51 38 <<
99 100.09 29 18 50 39 <<
103 100.09 25 19 53 36 <<
124 N/our
126 IN/OUT
129 IN/OUT
131 INfOUT
133 IN/OUT
137 IN/OUT
138 ouT
139 IN/OUT
5-30-78 8 100.08 28 18 50 37 <<
9 100.08 28 20 52 36 <<
16 100.08 27 19 53 37 <<
22 100.08 30 20 50 37 <<
23 100.09 28 20 52 37 <<
31 100.09 29 20 51 36 <<
47 BERE T T
63 100.10 30 20 50 37 <<
69 100.09 29 20 51 36 <<
74 100.09 27 19 50 35 <<
85 100.10 30 19 50 40 <<
86 100.11 28 | 19 50 40 <<
89 = s
104 100.08 28 20 53 37 <<
109 100.08 27 20 53 37 <<
120 100.08 28 20 53 36 <<
123 100.10 2 20 53 38 <<
125 100.10 27 20 52 38 <<
130 100.10 28 20 53 40 <<
140 100.08 28 20 52 37 <<
143 100. 08 29 19 52 36 <<
145 100.09 27 20 53 37 <<
149 100.08 28 20 52 36 <<
150 IN
: 151 100.09 30 20 50 40 <<
E’ 154 IN
f 161 100.07 29 19 50 36 <<
: 162 100.07 28 19 52 35 <<
166 100.09 217 20 52 37 <<
167 30 18 50 33 <<
168 100.08 30 19 50 38 <<
169 100.09 29 20 50 39 <<
170 100.07 28 20 51 39 <<
171 100.07 29 20 51 35 <<
172 100.07 29 19 50 35 <<
i XXIL-3
L . » R Sy
Sl ottt oot N AN i, i et e e




TDL-100 FINAL TEST (Continued)
fo Lins SsL SFT Ssp VSWR
LDC SN 98-102 24-30 217 250 235 a:1
5-30-78 | 126 IN
156 100. 08 28 19 51 38 <<
193 100.08 26 18 53 36 <<
194 100.08 26 19 53 36 <<
195 100.08 26 19 53 36 <<
196 100.08 26 20 53 36 <<
197 100.08 25 19 53 37 <<
198 100.08 16 20 53 36 <<
199 100.09 26 20 52 36 <<
200 100.07 25 18 54 35 <<
201 109. 08 27 20 53 37 <<
202 100.10 28 19 53 37 <<
204 100.10 38 18 53 36 <<
205 100.10 28 18 51 37 <<
206 100.08 28 18 52 36 <<
207 100.08 27 18 53 37 <<
208 100.08 25 19 54 35 <<
209 100. 09 28 18 51 39 <<
210 100.09 28 18 51 36 <<
211 100.09 28 18 51 37 <<
203 100.08 25 19 54 35 <<
6-8-78 18 100.09 28 19 52 37 <<
19 100.08 30 20 50 35 <<
2 100.08 30 20 52 37 <<
55 100.08 30 19 53 39 <<
71 100.08 28 20 52 40 <<
72 100.08 30 19 52 40 <<
78 100.10 29 19 53 40 <<
106 100.10 26 19 52 39 <<
116 100.08 27 20 53 38 <<
141 100.08 28 19 51 37 <<
142 IN
144 100.08 27 19 53 37 <<
146 100.08 28 20 53 39 <<
147 100. 10 29 2 52 41 <<
152 100.13 30 18 52 40 <<
153 100.08 30 20 52 39 <<
155 100.08 30 19 52 35 <<
157 100. 11 28 20 53 39 <<
158 100.09 28 20 54 40 <<
163 100. 08 28 19 53 39 <<
165 100.08 28 20 53 35 <<
173 100.09 27 20 54 38 << ¥
177 100.09 27 19 53 38 << N
2-26-78 | 159 1 100.07 29 18 50 35 << *
184 | IN
190 j 100.08 29 18 51 40 << h
‘q
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APPENDIX XXIV
PHASE IV PRESEAL ELECTRICAL DATA FOR
TDL-200 DEVICES
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LDC

2-17-78

2-21-78

SN

=T SR BRor R 1 B SSR U Sl

34
35
36
37
J8
KL
40
41
43
41
15
16
v
1

TDIL 200 PRECAP

- -

fo LINS
198-202 23-29
200.13 29
200.13 29
200.13 28
200.10 28
200. 14 20
200,13 29
200,13 29
200. 14 29
200. 16 28
200,13 28
200.15 23
200. 15 28
200. 14 28
200,16 28
200. 16 28
200,15 27
200,15 28
200,16 28
200.12 27
200,15 29
200 17 29
200,15 29
200,12 28
200,16 2R
200,13 2R
200, 1¢ L
200. 16 18
200, (3 27
200.13 27
200.13 28
200,16 28
200.13 2%
200,13 28
200, 11 28
200. 16 29

200,13
200,12
200,13
200, 14
200,11

Q9 x33-33

ot o ot to €S

200,14

200, 14

200,12 27
200,14 28
200,15 2T
200,15 2R
200,15 29
200,12 2R

SS1L
=17

17
18
18
17
17
17
18
18
17
19
17
18
19
18
17
17
18
7
18
17
18
17
18
e
17
17
17
18
18
18
17
I8
18
17
17
18
17
18
18
18
1R
18
18
17
17
17
18
17

W o Lot

TSR R R RS RS RS RS R

PORNCEN ST T e Sl 2

(SIS IR 51 W1 IS |
DO

(3 BE-54 B2 I SR 5y [N

(41

—
-

[0 JE5) IS S IR ) B B B I A
T L b

PSR
222z
ST=w==

—
-~

2
naz=z2z
nw= ==

(5 BE41 B3 B B }

-

HUGHIS FULLERTON
Hughes Awrcratt Company
Fullerton  Calt*orima

SS;W VSWR
~35 3:1
41 .
43 s~
41 -
40 ~ s
11 -«
42 s~
41 s
40 N
40 "
41 N
40 N
42 s
42 (NN
42 -
41 RN
41 [NRN
41 ~ s
A <~
38 s
4] ENEN
40 RS
41 NI
40 [N
40 RS
37 ~ s
41
10 [NEN
39 s
40 .
8
40
40 e
40 .
Kh -
1 [NRN
s SN
35 AN
ig ~ N
41 .
37 SN
N <
40 .-
a7 DN
42
42
42 woe
42 N
35 s




TDL 200 PRECAP (CONTINUED)

f, LINS Ss.. | SFT | Ssp | VSWR

LDC SN 198-202 23-29 >17 250 >35 3:1
2-21-78 49 200.12 27 18 53 38 <<
50 200.13 27 18 53 39 <<
51 200.12 26 18 50 39 <<
59 200.16 28 17 55 42 <~
53 200. 12 28 17 53 37 <<
54 200.13 26 18 53 39 <<
55 200. 14 28 17 53 42 <<
56 200.12 28 18 53 39 <%
57 200.12 28 18 53 40 <<
3-17-78 58 200. 14 29 18 55 41 <
59 200. 14 28 18 55 40 <<
60 200. 14 29 18 50 43 <<
61 200.14 29 18 55 40 <<
62 200. 14 28 18 55 39 <<
63 200.14 28 18 55 37 <<
64 200.13 28 18 55 38 <
65 200.13 28 18 55 38 <<
66 200.12 29 19 55 39 <<
67 200.12 27 18 55 39 <<
68 200. 10 28 17 55 37 NS
69 200.13 28 18 55 39 <
70 200.12 28 17 55 35 <<
71 200. 14 25 20 50 40 <<
72 200.14 2 17 55 39 <
73 200.13 25 19 50 39 <<
74 200.12 24 21 55 37 <
3-18-78 75 200. 12 25 17 50 35 <8
76 200.15 25 18 50 38 <<
77 200.13 24 20 50 37 <<
78 200.12 25 17 50 36 NN
79 200. 12 25 19 50 36 <<
80 200.12 26 17 50 35 N
81 200.12 26 20 50 35 NN
82 200.12 26 20 50 35 <<
83 200.12 25 20 50 35 <<
84 200.13 25 20 50 40 <<
85 200. 16 27 20 50 40 o<
86 200.16 26 18 50 39 ‘s
87 200. 16 21 17 50 37 <s
88 200.13 25 21 50 40 K
89 200.13 26 20 50 40 “
90 200.15 26 19 50 39 <<
0 200.16 25 18 50 38 “x
92 200. 15 25 20 50 38 N
93 200. 16 25 18 50 40 =
94 200. 14 26 20 50 39 <
95 200. 14 26 20 50 40 KN
96 | 200.13 20 | 1o | 50 12 <

PRy




HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

TDL 200 PRECAP (CONTINUED)

fo LINS SsL SFT
198-202 23-29 =17 =50

200.15
200.15
200.15
200.15
200.15
200.15
200.15
200.16
200.15
200.12
200.12
200.13
200.14
200.12
200.14
200.14
200.14
200.14
200.16
200.14

200.12
200.11
200.12
200.11
200.13
200.13
200.13
200.13
200.13
200.13
200.13
200.12
200.12
200.10
200.12
200.12
200.12
200.11
200.12
200.12
200.11
200.12
200.12
200,12
200.12
200.12
200.12
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TDL 200 PRECAP (CONTINUED)

B

fo LINS Ss. | SFT | Ssp | VSWR
LDC SN 198-202 23-29 217 250 235 3:1
4-26-78 144 200.11 26 19 53 39 <<
145 200.11 25 18 53 38 <<
146 200.13 25 20 54 40 <<
147 200.13 24 20 54 40 <<
148 200.13 25 19 55 40 <<
149 200. 12 26 20 55 40 <<
150 200.12 26 20 55 39 <<
151 200. 15 24 18 56 40 <<
152 200.12 24 20 54 40 <<
153 200. 14 26 19 54 40 <<
154 200.11 25 20 54 38 <<
155 200.14 26 20 53 40 <<
4-27-78 156 200. 16 26 17 54 40 <<
157 200. 16 26 17 53 40 <<
158 200.16 26 20 55 39 <<
159 200. 09 25 19 50 40 <<
160 200.15 26 18 54 40 <<
161 200.15 26 19 54 40 <<
162 200.15 25 20 54 38 <<
163 200. 09 25 19 55 40 <<
164 200. 15 26 18 52 43 <<
165 200.17 27 19 52 41 <<
166 200.17 28 20 50 37 <<
167 200.17 27 19 52 41 <<
168 200. 17 27 17 50 36 <<
169 200.16 27 19 52 40 <<
5-19-78 170 200.14 25 20 55 36 <<
171 200.14 26 19 55 39 <<
172 200.12 25 20 55 35 <<
173 200.12 25 18 54 36 <<
174 200.14 26 20 54 35 <<
175 200.14 26 20 54 35 <
176 200.13 26 20 53 35 s
177 200.13 25 20 54 36 <<
178 200.13 25 20 53 36 <<
179 £00.13 25 19 50 35 <<
180 200. 14 26 19 50 40 <<
181 200. 14 26 19 50 35 <<
5-31-78 182 200.13 29 20 55 38 <<
183 200.13 28 18 55 36 <<
184 200.13 24 18 55 38 <<
185 200.15 27 18 58 38 <<
186 200.15 24 18 56 40 <<
187 200.17 25 19 54 38 “<
188 200.13 25 19 55 39 <<
189 200.13 24 20 56 28 x
190 200.17 25 18 55 40 <




TDL 200 PRECAP (CONTINUED)

HUGHES-FULLERTON
Hughes Aircraft Company

Fullerton, California

195-201 Phase I[II Overage

1

i

fo LINS SSL SFT SSp | VSWR
SN 198-202 23-29 217 250 235 3:1
6-9-78 191 24 19 55 40 <<
192 24 18 55 40 <
193 26 19 55 40 <<
194 25 19 55 43 <<

L

XXIV~5 (XXTV-6 BLANK)
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APPENDIX XXV
PHASE IV FINAL ELECTRICAL DATA FOR
TD1.-200 DEVICES




TDL-200 FINAL TEST

HUGHES FULLERTON
Hughes Aircratt Company

Fullerton, California

198-202 23-29 217 >50 >35 3:1
LDC SN f, LINS Sqr, FT Sgp VSWR

3-7-78 2 out

3 200.13 25 18 54 38 <<

4 200. 15 27 17 52 37 <<

3-8-78 7 200.12 28 17 55 37 <<
25 in

28 200.12 24 20 58 41 <<

29 200.12 24 19 57 42 <<
30 fa

32 200.12 24 21 57 40 <<

34 200.12 25 19 55 40 <<

35 29 13 53 40 <<

36 200.13 25 19 55 41 <x

37 200.12 25 20 57 42 <<

39 200.13 27 17 55 40 o<

42 200,13 26 17 55 42 o<

44 200.14 26 18 54 44 <<

45 200. 14 27 17 54 4 <<

47 200.15 27 19 54 43 <<

49 200.13 25 17 55 39 <<
51 out

52 200.16 28 17 53 40 <<

53 200.12 25 18 55 39 ce

56 200.12 25 19 55 38 <<

60 200.13 25 20 56 39 <<

62 200. 14 25 20 55 38 <<

63 200.12 25 20 55 38 <<

66 200.11 26 20 53 38 <<

67 200.11 25 19 55 38 <e

69 200,12 25 20 55 38 o<

70 200.11 25 20 56 38 <

71 200.12 25 19 55 38 <<

72 1n/out

74 200.12 24 21 55 38 <

75 200.12 25 20 56 40 <~

76 200. 14 25 18 55 37 o<

78 200. 11 25 28 55 37 o<

79 200.11 25 18 55 39 <~

80 200. (1 25 19 55 38 <<

83 200.12 25 20 55 40 <<

84 200.12 25 20 55 40 <<

87 200.15 26 19 55 39 <<

88 200.13 25 20 55 40 <<

89 200.12 25 19 55 39 “e

' 90 200.15 25 17 55 a8 “

' 91 200.15 25 17 55 38 <x

R 93 200,15 a5 18 55 R o
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TDL-200 FINAL TEST (Continued)

198-202
f

23-29
LINS

>17
SqLL

>50
Ser

200.15
200.15
200.15
200.12
200.12
200.12
200.14
200.13
200.16

200.17
200. 17

25
24

55
55

57
56
57
56
54
52
55
55
55
55
52

51
50
52
54

55

<<
<<




TDL-200 FINAL TEST (Continued)

HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

f

198-202
o

23-29
LINS

2

S

17
SL

2

S

50
FT

VSWR

164
165
166

136
140
141
142
146
147
149

200.
200.
200.
200.
200.

200.
200.
200.
200.
200.
200.
200.
200.
200.

200.
200.
200.
200.

.11

.12

.16

.11

200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.

200.
200.
200.
200.
200.
200.
200.
200.

12
12
12
12
13

17
17
17
17
17
15
17
16
16

13
12
12
15
14
17
14
15
18
18
12
17
18
18
19

12
12
13
13
13
15
14
12

28

25
25
26
26
27
25

25
25
25
26
26
25
25
28
25
24

28
25
26
26
25
23
27
26
21
26
25
25
25
27
29
27

26
26
25
25
25
26
25
27

19

20
20
19
20
19
20

19
17
19
18
18
20
20
20
19
19

17
20
19
18
20
20
19
20
20
17
18
18
18
17
20
17

19
19
18
19
18
19
20
20

55

35
54
54
55
54
55

55
54
54
53
54
55
35
54
56
55

52
55
55
55
55
56
54
55
55
54
54
56
55
53
53
53

54
54
54
55
54
54
55
44

37
36
37
39
36

39
39
39
42
38
40
38
40
38

38

39
40
42
40
40
40
40
40
40
40

43
40

37
36
35
35
35
38
36
39

<<
<<
<<
<<

<<
<<
<<
<<
<<
<<
<<
<<

<<

<<
<<
<x
<<
<<
<<
<<
<«
<<
<<
<<
<<
<<

<<

<<
<<
<«
<«
<<
<<

<<

e i o T

A AR M o

P e = ateiey

TP - il O PR B L T e 4

TR N S TG ORI © Lo AT LY BT




TDL-200 FINAL TEST (Continued)

198-202 23-29 17 250 >35
LDC SN £, LINS Ssr. | Spr | Ssp
5-18-178 150 200.12 27 20 53 36
. 169 200.13 27 20 54 39
5-3.-78 14 200.15 26 19 54 41
30 200.12 29 17 50 41
26
64 200.16 26 18 54 40
81
85 200.15 26 20 54 40
105 200. 16 25 19 55 38
117 200.12 25 19 55 39
132 200.13 25 20 55 38
156 16
159 o
161 I
162 200.16 27 18 52 39
7-26-78 22 200.15 26 17 53 39
131 200.11 26 18 53 38
180 200.12 25 19 53 39
195 200.11 24 19 54 38
196 200.13 25 20 54 40
197 200.15 26 19 53 41
198 200.13 24 19 54 40
199 200.12 27 17 51 37
200 200. 14 29 26 52 38
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HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California
1950512-100 — BPQ LIFE — Subgroup II
> >
98-102 | 1.96-2.04 18-22 | §35 §35 235 <2:1
SN fo BW Lins sl ft sp VSWR
69 I - - 18,7 - 66 40 ‘
F 100, 20 2,00 18.5 >35 60 41
P 0 0 -1, 1 0 -9,1 +2,5
130 I - 1.99 19.0 - - 40
F 100, 165 1.97 18,7 >35 60 41
P 0 -1.0 -1.6 0. 0 +2.5
401 - - 18.9 - 62 42
F 100,225 2.01 18.8 >35 58 43 3
L P 0 0 -0.5 0 -6.5 +2. 4 5
100 I - 2.01 19.0 - 62 - = J
F 100,21 2,00 18.8 >35 58 42 o %
P 0 -0.5 -1,1 0 -6.5 0 2 ;
391 100.22 - 19.1 - 63 42
F 100.21 2.00 18.8 >35 61 43
P 0 0 -1,6 0 -3,2 +2,4
281 100, 225 - 18.9 - 60 40
F 100.235 1.99 18.7 >35 58 42
P 0 0 -1.1 0 -3.4 45,0
A v 0 0 -0.3 -1.2 0 -4,8 +2.5 ‘
MOISTURE — Subgroup IIl and I &
461 | - 2,01 18.5 - 60 = f b
F 100,22 2,00 13.4 >35 64 42
.. __P 0 __=0.5 | -0.5 0 | -6.7 0 i
351 - 1,99 19.3 = - = &
F 100, 22 2,00 19,1 >35 57 42 :
P 0o #0551 -1,0 00 0 !
164 1 - 2,00 = = 64 42 )
F 100,215 1.99 19.4 >35 56 43 4 %
o P | 0 | -5 | o | 0 |-125 +2, 4 & 3
‘ 99 1 - 2,01 187 | = 67 - = s
F 100.21 2.00 18.5 >35 63 41 fa ]
. 0 40,5 -1.1 0 -6.3 0 S
591 100. 20 - - - 65 42
F | 100.19 2.00 19.2 >35 60 41 ’
P 1 0 | 0 o . 0 -8,3 | -2.4 | f
T 1531 100. 19 - 19.5 - 70 =
F 100, 18 2,02 19.4 >35 60 42
. 0 0 -0,5 0 -16.7 0
.a Aave @)
{ NOTES:

I testing,

as noted,

1. Dash indicates initial/final values are unchanged.
2, "I" indicates the parameter value at the in-process final electrical test (see Figure 5, 1-3).
3. "F" indicates the parameter value after cxposure to Group C, Subgroup II or Subgroup I/

4. "P" indicates the percentage changes from initial to final readings (F-1/I x 100), rounded
to the nearest tenth percent,
5. "AAVE (%) indicates the average of all "P" values for the parameter and subgroup noted.
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1950516-100 — BPLN  LIFE — Group II
147-153 | 29.4-80.6 | 18,5-2L5 | o0 | 2 R I
SN fo BW Lins sl ft sp VSWR
151 - 30,03 18.2 - 57 37
F 151,095 30.05 19.0 >35 65 47
p 0 0 ~1.0 0 +14 +27
65 1 150,915 29,93 19,7 - 62 39
F 151.00 29,62 19.6 >35 61 44 ’
p 0 —100 "0.5 0 "1.6 +12.8
841 - 29, 94 19,5 - 65 37
F 150,81 29,92 19.8 >35 60 36 2 ’1
g _ P | o 0 +1,5 0 -1.7 -2.7 N i
¥ 771 150, 97 29,99 19,0 - - - S ;
| F | 151.04 30, 18 19.3 >35 | 60 37 & g
$ P 0 +0.6 +1.6 0 0 0 ° i
's 1221 151, 17 29.94 19.8 - 55 37 “ i
F 151,115 29,75 19.7 >35 61 36 3
i P 0 -0.6 -0.5 0 +10.9 -2.17
! 51 150. 865 - 20,7 - 62 -
f F 150. 855 29,93 20,5 >35 60 38
P 0 (] -1,0 0 -3.2 0
Bave @ 0 -0.2 0 0 2.1 +5.17
MOISTURE ~ Group I and IT
126 1 151,11 29.71 - - 57 36
F 151.18 29,64 19,6 >35 60 35
P 0 -0.2 0 0 +5,3 -2.8
41 - - 19,4 - 55 37
F 151. 11 29.66 19,5 >35 54 38
P 0 0 H.5 0 -1, 8 +2. 7
139 1 - - 20,4 - 69 39
F 150, 90 29, 82 20.3 >35 65 38 o
P 0 0 -0,5 0 ~5,8 -2.6 &
114 I - 29,79 19,3 - 56 37 =2
: F | 150.87 29,92 19.4 >35 58 36 8
. R 0 .4 H.5 0 +3.6 -2.7 °
- 81 150,97 29,87 19.3 - 61 - -4
. F | 150,94 29,84 19,1 >35 63 37 }
! .. Pl 0 | 01 1 -LO0 | 0 | +3.3 0
i 371 - 29.76 18.8 - = 37 ,
] ? F 150,795 29,85 18.9 >35 55 36 3
; P 0 0.3 H.5 0 0 2.7 i
& By (0 0 +0.1 0 0 +0.8 -1.4 1
2 ; e e A ,,.L, e b L RS S SU
NOTES:
1. Dash indicates initial/final values are unchanged.
= 2. "I" indicates the parameter value at the in-process final electrical test (see Figure 5. 1-3).
' 3. "F" indicates the parameter value after exposure to Group C, Subgroup I or Subgroup 1/
II testing, as noted.
4. "P" indicates the percentage changes from initizl to final readings (F-1/I x 100), rounded
to the nearest tenth percent,
5. "AAVE (0" indicates the average of all "P" values for the parameter and subgroup noted.
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HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

1950518-100 — PCQ LIFE — Group II

>
46-55 2% 20 3% <2.5:1
SN Lins sl ft Sp VSWR
79 1 45.6 30 56 46
F 45.8 31 55 45
. P 0.4 +3.3 -1.8 -2.2
31 1 45.8 - 55 -
F | 45.8 30 53 45
P00 ) 8.6 1 0 2
54 1 15.38 28 [ - 5
F 46,0 27 55 46 =
P 0.4 | -3.6 0 0 s
113 I - - - 43 2
F 45.9 32 53 45
— o _ _E_ _A,Ag_,f,,o,, R ST 0 . 0 +4. 7
129 1 46,0 - 53 45
F 45,7 30 52 46
i P | -0.7 | 0 _ | -1.9 +2,2
35 1 46.2 32 56 45 -
i ¥ | NA . N/A N/A N/A Out
Aave (0 0 -0.1 -1.5 +0.9
MOISTURE — Group I and II
_ : ‘URL—troup tand 1L i
23 1 5.2 | 25 55 46 b
4 F 45,4 30 53 45 f
| o P 0.4 | 420 | -3.6 | -2,2 |
' 16 1 P - - 44 |
i3 | 45.2 | 32 56 45 1
P 0 0o 1 0 +2.3 ’
5117 45.0 S A T e
Fo 45.4 30 .55 46 o
P49 | 0 . -Ls | 0 . 1§
85 1 | 45,5 33 . 56 43 =
Foolo46.2 32 | 57 40 B
. P | +1.5 -3.0 | +L8 -7.0 2
131 1 45,3 29 56 43 |
F 45.4 32 55 45
- p 0,2 +10,2 -L8 .7
134 1 46.0 32 57 44
F 45.8 30 55 46
_ P -0.4 |  -6.3 -3.5 4.5 oy
My ) 0.4 +3.5 -1.5 +0.4 '

NOTES:
1. Dash indicates initial/final values are unchanged.

2. "I" indicates the parameter value at the in-process final electrical test (see Figure 5. 1-3).

3. "F" indicates the parameter value after exposure to Group C, Subgroup I or Subgroup 1/
I testing, as noted.

4. "'P" indicates the percentage changes from initial to final readings (F-1/1 x 100), rounded
to the nearest tenth percent.

5. "davE (0)"indicates the average of all "P" values for the parameterand subgroup notes.
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HUGHES AIRCRAFT CO  FULLERTON Ca BROUND_SYSTEMS GROUP F/8 9,
PHOTOLITHOGRAPHIC TECHNIQUES FOR SURFACE ACOUSTIC WAVE (SAW) DE-'ETC(U)

DEC 78 A W DOZIER

DAABOT=T7S=C=0084
HAC=FReT9=12=40=VOL ~it 3

NEi FTeTRe7S=NNbleF eV,




1950521-100 — PCLN  LIFE = Group II

2733 220, 25 250 ;35 <35:1
SN Lins Sa1 gt sp | VSWR
331 32.8 22 - 81 56 37 t
F 32,9 33 28 53 40
P 40,3 450, 0 -9.7 -5.4 +8,1
71 - 21 34 54 20
F 32.4 35 31 53 42
P 0 +66, 7 -8.8 -1,9 +5,0
o7 1 N 22 33 58 42
F 31.9 35 31 56 41 o
P 0 +59, 1 -6,1 -3.4 -2.4 3
87 1 32.4 23 34 55 38 E
F 32.3 35 32 53 37 R
P -0.3 +52. 2 -5.9 -3.6 -2.6 2
52 1 32.4 21 32 55 41
F 32.5 35 30 54 40
P "0.3 "'66. 7 -6.3 "1.8 -2.4
15 1 32.7 23 29 56 40
F 32,9 33 27 53 39
P "0-5 4-':4;3!5 —6.9 —5.4 -2.5
8,vg @) +0,2 456, 4 -7.3 -3.6 40,5
MOISTURE — Group I and II
89 1 - 22 a3 56 38 {
F 31.3 34 30 54 36
P 0 +54. 5 -9. 1 -30 6 —5. 3
123 1 31.8 31 28 55 43
F 32.0 34 31 53 41
P 40.6 +9,7 +16. 7 -3.6 -4,7
1221 - 28 29 56 44 .
F 31.6 32 31 53 40 3
P 0 +14. 3 +6- 9 "5. 4 "9. 1 =
1411 32.6 27 27 54 43 3
F 32.8 35 33 53 40 =
P 0.6 +29. 6 22,2 -1.9 -7.0 2
84 1 32.4 22 35 - -
F 32,6 35 33 56 40
P 40,6 459, 1 -5.7 0 0
155 1 32.4 27 29 52 43
F 32.7 35 31 50 41
P 40,9 429, 6 46,9 -3.8 -4,7
AAVE (70) +0. 5 +32a 8 +5. 3 ‘3. 1 -5o 1

NOTES:

1.
2,
3.
4.

5.

Dash indicates initial/final values are unchanged.

"T'" indicates the parameter value at the in-process final electrical test (see Figure 5. 1-3).
"F'" indicates the parameter value after exposure to Group C, Subgroup II or Subgroup I/
I testing, as noted.

"P" indicates the percentage changes from initial to final readings (F-I/I x 100), rounded
to the nearest tenth percent,

"AAVE (%)" indicates the average of all "P" values for the parameter and subgroup notes.
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|
,i

1

LIFE -

>50

B
51

+2.0

50

53
16,0

+1,1

53
54
+1.9
50
55

| +10,0

50
83
6.0
50
53
+6.0
50
52
+4.0
50

1950624-100 - TDL-100
98-102 | 24-30 | 3
SN fu i Lins sl
1021 - - 19
f F 100.08 27 20
: P {0 4y O | +5,3
121 - 27 -
F 100,08 28 20
P 0 | 3T | 0
65 I - 27 -
F 100,08 28 20
N Pl 0 | .7 | 0
431 - - -
F 100.08 27 20
_ P 4 0 1 0 1.0
411 - 27 -
F 100,08 28 20
_ P 0 | 43,7 0
881 - - -
F 100. 10 27 20
P (.0 10 1.0
Bay i ) 0 41,9 +0.9
MOISTURE ~ Group I and I
211 - 27 18
F 100, 10 25 20
P 0 -7.4 +11,1
591 - - -
F 100,09 30 19
P -0 10 0
1151 - - -
F 100.09 26 20
P 0 ) 0
811 - 28 19
F 100, 10 30 20
N P 0 +7.1 +5.3
271 - - 20
_ F 100,08 29 19
g p | o0 0 -5,0
ﬁ 531 - - -
| F 100.08 29 20
P 0 0 0
BAVE &) L 0 -0.1 +1,9
NOTES:
1. Dash indicates initial/final values are unchanged.
2.
3.
III testing, as noted.
4.
? to the nearest tenth percent.,
5.

138

roup 11
g e

1397

235
s

.
37
38
+2.7

35
“'5. 4

35

[ =79 |
39
35
39
35

———

"I'" indicates the parameter value at the in-process final electrical test (sce Figuve 5, 1-3),
"F' {indicates the parameter value after exposure to Group C, Subgroup Il or Subgroup 1/

"P" indicates the percentage changes from initial to final readings (F=1/1 x 100y, rounded

"A AVE (%" indicates the average of all "P" values for the parameter and subgroup rotes,

HUGHES FULLERTON
Hughes Aircraft Company
Fullertan, California

<4:1
_ VSWR
»n
o
—
3
- i
Z "
N U :
3
&
¥
] H
*
E :
2 §
<9
Qo A
7 k
|

NXXVI-5
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}
1950527-100 — TDL~200  LIFE — Group II
> > > 3
198-202 | 23-29 | 3 | P e <311 )
SN fo Lins 8l ft sp VSWR
88 1 - = 20 55 40
F | 200.14 25 19 52 38
- P o | o0 | -6.0 | ~6.5 | -6
60 1 = - = 56 =
F | 200.14 25 20 54 39
P 0 0 0 -3.6 0 .
37 1 = - = 57 42 ¢
F | 200.14 25 20 55 37 ®
P 0 0 0 -3,5 | -11.9 ~
47 1 - 27 19 54 43 —g :
F | 200.16 26 18 56 38 o f
P 0 -3.7 -5.3 | +3.7 | -11.6 o t
112 1 - - - 55 40 “ {
F | 200,14 25 20 56 39 A
: Pl 0 0 | o | +.s | -2.8
; 107 1 - - 20 - 39
F | 200,13 26 19 54 38 i
-‘ P 0 0 -5.0 0o | -2.6 ¢ ;
BAVE V) 0 -0.6 -2.6 -1,2 -5.6
MOISTURE - Group I and I
141 1 - 25 19 55 35 -
F | 200,13 26 20 54 38 :
P 0 | *0 | %3] -1.8 | +8.6 |
: 1836 1 - 26 - - 36
F | 200.11 25 19 54 39
P o | -88 | 0 | o0 | +83 | 1
j 65 1 - 26 21 53 39 L
F | 200.15 | 26 20 54 38 @ 4
P 0 | .0 | -48 | +L9 | -2.6 | § |,
23 1 - 27 19 51 a8 = <
F | 200.14 25 20 55 39 i g
Pl 0 | -T.4 | +6.3 | 1.8 | 26 | g9
12 1 - 25 - 55 37 : g
F | 200,14 26 20 54 a8
R P10 ™ |0 | -1.8 | +2,7 d
128 I - = - - T s ] :
F | 200.12 | 25 20 55 37 £
- P00 410 o | o [ +28 | - :
Byve 0 J 40, 1 +1.0 | +1.0 43,7

NOTES:
1, Dash indicates initial/final values are unchanged
2, '"I" indicates the parameter value at the in-process final electrical test (sce Figure5. 1-3).
3. "F" indicates the parameter value after exposure to Group C, Subgroup II or Subgroup I/
I testing, as noted.
4. "P" indicates the percentage changes from initial to final readings (F-1/1 x 100), rounded
to the nearest tenth percentage, b

5. "A AVE (%)" indicates the average of all "P'" values for the parameter and subgroup notes,
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HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

DEVICE DESCRIPTION 8p-Q P/N 1950512-100

I Wafer starts, thru photolithography, 8 33 die/wafer » 534 die
.2 11 % Poor photolithographic yield
} ®2 11 % Scratched metal)ization from cap probe.
2 _11. % Improper metaliization thickness
L %

1. izw Wafers @ ?3___ die per Wafer OR
396 Die to predice inspection
631 15.9 % Reject due to excess visual defects

1. 333 Post die inspection data

™42 14.1 % Excess chipping

"5 6.1 % Metallization scratched {cap probe)
M. 4.1 % Handling damage

"2 _.5 % Metallization voids

> 1

“ 6 Unmounted spares

1v. 236 Die Mount & Bond
»- 3
- 1

V.2 a Precap tlectrical Test

LA I | o
- % ]
g SHU IR J SN
S Ss i
g Sf t
-

e P Sepur
-

4 1.2 % VSWR

™1 .4 tO0ther  sepatched metallization
v1. 230 precap QC (Visual Inspection of Header)

* 11 4.8 % foreign material {reworked)

* 1. .4 % Scratched metallization (bought off)
»- 3

> b4

vit. 2 Seal, Mark, Leak Test
™15 6.5 % Proj. weld leakers

1 3.0 %t Solder Yeakers Sn & Au platea pkas.
= 1 .4 % Post seal lid deformanonj

»3] Unsealed

vill. 176 Final Electrical Test and QC (External Visual only)
»47 26,1 % VSWR

[l W 27 3 ) SN
=, 39%B
"~ tost
- %

120 ___ Delivered
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1.

vitl.

XXvl-2

titl.

Vi,

vil.

DEVICE DESCRIPTION BP-LN P/N 1950515-100

Mafer starts, thru photolithography, @ _ 30 die/wafer « 4gq die
™ 2 _13.3% Poor photolithagraphic yield

R |
[
- 1

13 wWaters @ 32 die per Wafer OR
416 Die to predice inspection
le S1. _12. 3% Reject due to excess visval defects

365 Post die inspection data

gl LR WL
> %
- t
- ) )
- %

" 17 Unmounted spares

33 Die Mount & Bond

333 Precap Electrical Test
[ U l '0

LB

- 663 Lins

12 et Ss';_

29 _2.7% Handling damage - die

| —

Precap QC (Visual Inspection of Header)
Ll | .4 % Metallization damage

= 1 4% Metallyzation voids
- ) 3

> 1)

T
’ w
R spur
T34 10.2% VSWR
= 1 .3t Jther - Toroid damage during tune A test
25

/;’49 Seal, Mark, Leak Test

1 =13 5.2% Proj weld leak R
- Sn A Au plated phys.
12 4.8% solder seal leaker

L )

= 2 Unsealed

208 Final Electrical Test and QC (External Visual only)
le 5T IS5 g VSWR

> 4 :0v B

R L
- 1 ’
- '

144 Delivered




i

V.

¥l

Vit

vitt.

HUGHES FULLERTON
Hughes Ruvralt Cangeny
Fulivetonr  Calihviva

MEVICE DESURIPYLON PR AL IRV A1V T RR (L
U Water atarts, thru phatolithography, ¢ ¢ Jig/water - IR g
1
i"' . 8.8 Poor photolithographic yietd
N 1
. \
r - b

v

e N
)

-

e
[ 29

o - ey

]

-

d
k=

e e e

S

!

] l’ MO0 Sohder seal Yeak

W belneraed

Waters @ JO 0 dre per Water OR
e o predice impeytion
!

S 2y Reaet due to ecess visual defects

Post e Inapection data
"y et nwessive vhppy
PO 29V lnsoluble roreign material
E® n 1.0 Hand)ing damage
t' o 1.0 Metallization voids due to Tubricant attack through pinholes
- )

te 1o (havunted spares -

Die Mount & Bond
®odn 1LY Die mounted incorrectly (drawing tnvorrect)
- OV Solder wivked over top of pin
Prevap tlectrical test
- + "‘
® 3 3.1 b Handbing dane
- s
2o Yl
L4 L SN
a !
SR RIS
- .
L RN S
Lo I R A
=3 1 b uther Dransducer apen
Precap QU (Visud) Inspection ot Header)
b 3
L t
[ X
- %
Sedl, Mark, leak lest

= A Pray Neld Leak i oplate A gold plate phgs
e JA tawvesaive o lder

i e Unsealed

Pinal tlectraical test and QU (Eaternal Visual onty)

A}
; & e oot - unsealed
' » %

! -0 l|n\s
‘- N \ 3 \
- - a y [
! L5 o T
- N

ey imen alae tavied Uin




DEVICE DESCRIPTION  pC-|n

P/N _1950521-100

1. 11 Mafer starts, thru photolithography, @ 45  die/wafer = _495 die
» 1 9.1 1 Poor photolithographic yield
[ %
t -
- 3
1. 10 wafers @ 45 die per wafer OR

:’th Dre to predice inspection
‘® 117 _26 % Reject due to excess visual defects

Itr. 3 Post die inspection data

™48 _14.4% Excessive chipping
™6l 18.3% Metal too thick
™12 _3.6% Insoluble residue from dicing
™ 8. _1.5% Metallization voids due to lubricant attack through resist
- ¢ bpinholes.
V -® __Unmounted spares
v, 7 Die Mount & Bond
™ 9 _4,3% Excessive RTV (improper mask, pattern too close to edge)
- 1

V. 198 Precap Electrical Test

“F__S_ __2_._5‘1’,
| >3 15¢
f 5 2.5
! = 3 1.5%
- 1
L 7.._._ T 3

- »M T *

| LSO

T .
= 2 s‘
- )
- ]

18

vIl.

Lms

Ssp
VSWR

Scratched die

vi. 182  precap QC (Visual Inspection of Header)

2 Seal, Mark, Leak Test Y

’ > 6 3.3%
E - 3.3
' pe 9 4.9
‘ Lo 0 unsealed

Cracked bead leak
Proj weld leak - Sn plate
Solder seal leak

AY1 Sn plate pkgs

{ vitr., I-Yl_ Final Electrical Test and QC (External Visual only)
: f ™ 1 6% Short

1 > &

! | L ’

! -1 2 VSWR

- N

i Let s

k| ™ 9 5.6% Pins clipped

146 pelivered

| b miebae
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DEVICE DESCRIPTION

HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, Californa

CToL-0e P/N o 1950827-100.

i. 31 wafer starts, thry photolithography, 8 12 die/water = 3~  dre
R 4
be 4 12.®%  Poor photolithographic yield
i ™ 3 9. Handling damage
[
RN N
v - :
. 23 wafers @ 12 die per Wafer OR
288 e to predice nspection
‘ Lo 3% 12.0% Reject due to excess visudl defects
1. 053 Post dhe inspection data
]' fe 13 5.1%  Handling damage
| l"__ 17 6.7 Metallizatron vaids - contaminated alcohol
! - ] s
| |- ,.
- 4
- Unmounted spares
lv. 223 Die Mount & Bond
1’ 3 1, 3% Mandling damage - die
B4 L8Y Metallization damage during wire bonding
V. 216 Frecap Electrmical Test
-
i - + B
I TR T OF I PPN
| -
e ¥
l ol B W RSN
Lol 48
| - spur
=g b VKR
‘ > % Other
vi. Jol Precap QC (Visual Inspection of Header)
- *
> k3
- %
L *
VII. J01  Seal, Mark, leak Test
™ 41 _20.4%  Solder seal leak
- z
- %
= Unsealed
vitl. Q. Final Electrical Test and QU (External Visual only)
T ™15 9.4% VSRR
- 13
L 44 Lins
- %
- 1
"1 o Clipped pin
13; . Delivered
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1.

vl

vil.

VIl

DEVICE DESCRIPTION Ipi-100

43

|

- B

-

67

t

irs

- ro
1
i

]

A

210
Sy

207

il

150 .

20

P/N __1950524-100

Wafer starts, thru photolithography, 8 9 die/wafer = 387 die

*__2 __ 4™ Poor photolithographic yield
® 3 2.5 Overetched - Operator training
- )

- 1

Wafers @ _ die per Wafer QOR
~ Die to predice inspection
= 715 21.9% Reject due to excess visual defects

Post die inspection data
*™ 35 13.1%  Handling damage

- )
- s
-
- 4

®  (_ Unmounted spares

Die Mount & Bond
=5 2.1 Metallization damage during wire bonding

- k)

Precap Electrical Test

> 1 f
mem e 0
- aB
»
Al A L
- +s
LR T It
g Y
- .
ce ¥ S
" 5 2.2t VSR
-

_1. . ..4% Other Damaged die

Precap QC (Visual Inspection of Header)
™ 1. . 1.4%  Scratched metallization
L k)

- ) %
"“ T %
Seal, Mark, Leak Test

] ® 40 19.3%  Solder seal leak (all pkgs. hand soldered)

- )
LA |
* _ Unsealed

Final Electrical Test and QC (External Visual only)
12 1.2 VSeR

g S WL L U
- L]

- 1)

- )

Delivered
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APPENDIX XXVIII
AUTOMATIC CAPACITANCE PROBE PROGRAM
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HUGHES FULLERTON
Hughes Aircraftt Company
Fullerton. Calitornia

00222) 78272

AAR223 WRITE(LP)Y /74 a1, 720/ 01,138/ 001 ,7%2/12 1)

arR224 uRIY!(LP)'---natnnc-cc.an-n'.tto.-n---ctnonn.occoccoanctao',
BRA225 798/ tena)

onQ22s

INQ229

889225 ABONTE WRITE(TYTP)!THIS RON 1S COMPLEYE,.!}

020226 WeITE(TTF)'DO YOU WISKH TO CONTINUE TESTINGY(Y/N)'}

00227 REAL EANXJIF ANX EQ Y YMEN BEGIN Ko@d)LudGOTO STARTAJEND)
002234 END}

seedn COMPILATION EFRRS

Q2223 REMm seasenee "eRAPQL" atesunl}

CLELLE RET PAGE 1724)0EVSSSS)

QPR OCL OUT{12) 7010, 020 130,041 ,000,1801,902) 183, 190,191,1 1,1pFptyy
CEELLY] DCL MSSGISF) ,ANX,Y/Z'Yt/ ,N/'NT/, CAPY(DEVSS) ,CAPZEROD(2))
(ELT-TE) STARYQ:

332308 FOR LINE®] THRU 26 DO WRITE(TYP)'! ')

LG WRITE(TTYP) 'PLACE THRE PROBES OVER THNE FIRST DFEVICE , LEAVE TwE'y
gaaap WRITECTTP) 'APRORES UP , AND PRESS THE START SWITCH!)
LLELBN WRITE(TTP) "'y WRITE(YTP)''y PAUSE 1}

{ LEL V] START1}

(LI BW] IF { GE 2@ THEN KaKei)

[ T.LE2Y ] LelLel}

Qdamy? IF L £Q 1 TWEN FOR LINE®Y THRU 26 00 WRITE(TYP) U1,
03R22 IF (L EG 1) ONR (L FO 2) THEN CAPZEROI(IL)sQ)

200224 1F ( 80 3 THEN BEGIN

022225 WRITE(YTP)IPROBE TME DEVICE AND PUSH THE STARY SWITCH!')
0ABR26 WRITE(TIP)'TO CONTINUE,'"IwRITE(TYP) ' wRITF(TTYP) ' PAUSE 27
[ LI R P END)

CLLLRY] LY

8020232 IF (L EQ 1) OR (L EQ J) THMEN SET MA Q00 Q1@ ELSE SEY MA 010 0@¢y
LL.TT R SET Na 101 101

902236 AT P3SLrFSR)ICAPSER)

[L.ILI' X 3% ENAELE mEy

LT X B POOD SET F ¢ve pOQ)

002042 ENABLE MAj

APR042 29Q1  SET F 11Q 110Q1)

1.1 TR ENABLE TESTY

000044 SET R 117 110)

[ LY CONN TCOUM 3,61

[.LI.LET) SEY PEFIOD 1@E=6,RNGAY

pannar CGEN TGL 1,41

[ LELET,] SEY TG DELAY 4QE~Q,RNGO?

LI E 123" SEY TG) wlCTH S5tef,RNGES

00052 FORCE €0 O,RNGY)

[-.I.I.ILR) FORCE €1 d,RNG2Y

[ I.I.I'.3-X] SET SC ¢,RNG21SET 8§ B,RNG2}

[ LI

(LT TE]] SUBR TMS(TSTART,TSTOP,STARY,STOP,TG,RES))

[ LITJY.] IF (TSTARY LEQ TSTOP) OR (TSTOP LT 10E«9) THEN BEGIN

[ LI1 24 RESS1;G0TD N7JIENNITSTSTARTISET TG7 WIDTH 1QEe9,RNGA)

[ LI.LIM DELTALTSTARTTSTOP?

9220064 FAlLe?

[ LELIY-] NES

0R22369 1F (ELTA LY P,16F=Q THREN BEGIN IF FAIL EQ @ THEN RESSE)
[LTLRA ELSE RESSTIROTO N7IENDIOELTASDELTA/Z29SET 167 OELAY T

[ LI TR SET STAWTYT STARTISEY MAJOR {,STOP)IENARLE TEST)

eoaar? READ(S2SR)CRNR TP CRNKY NEQ @ THEN BEGIN 1F T EN TSTARY
CLLRE Y THEN EEGIN RESE21GOTO NZIENDIFAIL®LITsTeDELTAIGOTO NIJEND)
208107 TeTaQFLTAIGOTO M)

280111 N7tMELSUKE VARIAALE RES,LOG?) END?
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WRITE(TTPY* ' )IF L EO | THEN
WRITE(TTYP)'THE TESTER 1S NOW MEASURING THE J
16 CAPACITANCE vaLlleS")
IF L ¢EQ 3 THEN
WRITE(TTP)'THE TESYER IS NOW MEASURING THE O
EVICE CAPACITANCE VALUES";

KCei}

SKEwaiREeq)

REST=EAED}

VMAXB (JEOe8)/ (LEBSREST))
DCL St:My

FOR Vs} THWi) 49 DO BEGIN

SeY S¢ V/1¢,RNG2)

SET S1 Vv/12,RNG2)

EXEC TTIME (9,99E~6,20E~9,7,1,7,RES))

IF (RES GE 1) OR (RES LT 2) THEN GOTO SKXPSUM)
SUMBSUMS (RES=SKEW) )

SKPSUM]

END)

CaAPs ((SUr®, 1)/ (RESTaVvMAX))? FORCE E3 Q,RNG2)

IF (L EO0 1) OR (L EG 2) THEN BEGIN CAPZERO([L)®CAP)
WRITE(TTP) V' JWRITE(TTP) 'CAPZEROs!,CAPZEROILY)
GOTD STARTIIEND?

IF (L EG 3) OR (L EQ 4) THEN CAPaCAP<CAPIERO(L=2))

LABY . CAPV(KISCAPIWRITE(TTPY 'Y JWRITE(TTP) 'CAPS! ,CAPIWNRITE(TTPY I}
WRITE(TTYP) ')
IF L EQG 4 THEN BEGIN
1F X EQ DEVSS THMEN GOTO ENDTEST)
WRITE(TTP)'MOVE TO THE NEXT OEVICE , LEAVE P
ROBES UP , AND PRESS'")
WRITE(TTP)'THE START SWITCH TO CONTINUE TESTING'IL=Q)
PAUSE KJENDIGOTO STARTL)

ENDYESTS
FOR K=i THRU DEVSS 00 BEGIN Js(Kel)e5)NUMaCAPY (X))}

IF NUM GY JEe1@ THEN NUMSGO,0E=1211F NUM LT 1E~12 THEN
NUMsl ,PE=12)

FOR EXP=i THRU 13 DO BEGIN

1F NUM LT { THEN NUMaNUMs1@G ELSE GOTO JUMP1JEND)

JUMPL: FOR 131 THRU @ DO BEGIN ANSsNUMeI)
IF ANS LY 0,999 THEN BEGIN NUMSANSIGOTO JUMP2IENDJIEND)

JUMP2: JeJe11IF (EXP GY 16) THEN GOTO JUMPY)
MSSG(Jy=sQUT (I}

IF EXP EQ 13 THEN BEGIN Isi1)EXPREXP<176GOTO JUMP2JIEND)
NUMBSNUMe 1 DIEXPREXP Y]

1F NUM LT 1 THEN BEGIN Is{@JGOTO JUMP2IEND)

GOTO JUMPYy

JUMPJIEND)
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NRITE(LP) 'avennnancennansnneensasnnnstngentanasatsanttnsent,

21 VAKTT RN

WRITF(LP) /7470t /720/%01,/736/7'01,/8%/at)

WRITE(LP)

14/ 0!, /70/74M8SG 1) ,/7/70M88G(2) ,/78/8M88G(3),/70/81886(4),

AW /RAMSSG (D),

734/78P88GIRY ,/710/70M83G17),/710/78M38G1(8),/17/8N886(9),
Z18/An85G(110),

JRN/ VY, 722/70M88GL11),/723/70M88G(12),/7R4/78MS3GLLY) ,/725/78M88G(14),
/7367803886 119),
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7367 00 730 /ANSAGT21) ,/739/0N88G(2R) ,/74P/ANSSG 2 ,/741/70M886(24),
142/78 885G 1YY,

748/RP88G(T6) , /747 /AMRSGL27) ,/748/78M88G(28),/749/8M536129Y,

/M7 4MS8G ),

22 YARRE]

WRITE(LP)

747200V /T /PFDY L2187 PFD 720/ 101,723/ PFDY,
23V/7YPFDY, 73670, 7307 PFOY, /747 /PFD!Y,

NNV 3 (XXVI 4 BLANK)




o

oo

g

t
v
H
§
3
)
H
i
i
'

APPENDIX XXIX
CAPACITANCE PROBE DATA FOR BP-Q DEVICES




~

!

¢

J

¥

Y

ity

sravyc TEST SLAN CAPS " 1
C00CASRRCERCRCSESRLEERARARIRBTANRARORNGRSORNGRBAS
. . J.oe K P }
© 6,00 | 8,71 e 1,40 1,87 e 148 1,28 e
. PR PFD o PFO 1Y PPD o PPD ., PFD o
L ] L] . [ ]

OGO ARE 0PSRN RARRORRNCSEQRERNGARRGRNORARDDORENGESY

sedectsostnbotteednten

. ) & . b, .
e 8,30 6,75 o 6,0 6,80 o 8,3 6,23 o
e PFD 0 e PPFD PED ¢ PPFO PFD o
. . . .

(A XA AL AL RS N R R RSN SRRR RRRRRRRRLRZNRRL ]}
0000A00GRINRRRACABURENRRPRRRREQAURRERNARRRRROARNANSY

L ] [ ] l [ ] 4 L ]
e0,21 1 6,58 en,1a 7 6,89 en,20 7 0,00
. PPO PFD o BPD PP « BP0 ARD o
* L ] L ] L]

C00CRNSARERRANRRANNENERENINOQRENRESOEGRRORERASY
dageeene

[ ] ' ] n- L] 12 (N
e 8,20 " (99,080)e n,20 6,53 o 8,19 8.0)
« o0 pr0 /o« BFD PED » PPD PPO™ »

[ ] L] [ ]

e 0,13 % 6.870 o a1y " 6,48 o 7,92 2150, 00
« PFO PPO o PPD PPFO ¢ PPD PPD Je
L ] L] [ ] - [ ]

sheeatesenerane
toaNee et Rng

- , * /7 [ ] /] [ ]
" 7,07°C 8,539 o n,12 6,40 o 7,12 8,179 »
e PED PPO o PPD PPFD e PPO PFD o
[ ] L] L] L ]

V0000000 RRERAORATRRROIRREROISRRBORNEONNPOSRORRNRCS
AN 0¢ A0SR R RGN ARCRRACRABRRERGNBDOROORQRRRSOS

. . " . 21 .
o 0,22 7 6,540 ¢ 8,13 6,42 « 8,02 " 6,000 ¢
¢« PPD PPFD « PPD PFD o PPD PPD o
* L[]

ehetRtddsaadee athed

atdcetcgonntane [ I ISR ARSI RN}

. v . 23 . v .
“ 0,00 V8,520 « 8,12 6,42 o 7,00 "V 8,040 ¢
« PFO PFD o PFD PFD o« PPD PPD o
a L ] L ] *

RSN ANDNEONOAECRREORARERARAARICRNERRQORNARORROQ
CRARNERORACERNETEARINAAERANVARGANAGIRG OB G OSRRNROOS

[ ] Jg . 26 . ! .
.« 7,86 8,499 o 8,14 6,32 o 7,687 3,010 o
e« PP PFD o PPFD PFD s PFD PFD o
. . . *
VEOPIOINRINCACENRNNDIBAROSRININININSRERSERNOIRNODRS
seeee CENRREDORNARNOONOANCRNOIRCRNEARANBEENONES

L] L] 3¢ »
“1re - 0,32 « 7,57 8,800 e
PPO e PPD e PFD PFD »
’ . . .

08000000000 0RRARCAQCRAAARCRTOCRANRQQERORNSEROONROBRR

sTATIC TESY PLAN CAPS N 2
0000000000000000000000006000000aREARERERARRRRNRY
. K . ¢ . R .
s 08,17 4,00 o 6,39 4,90 « 5,08 4,28 »
e PPO PEND e PPD PPO o PPFOD PFD o
. . . .

*

HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

d/

XXIX-1

A e R e A LT

i




5‘ 4/5/

L 3/
srarye TEST PLAN  CAPA " ) 219
Kad
200000 ¢ AR RRGACRRQG0L00E00000ARGARRQCRTEAGGRAGREGAS
. ! . 2 L] 2 L]
. 7,38 8,90 o 7,17 4,31 o 3,88 8,08 o
[ o« »s0 D o PED $90 « PFO 0 o
[ ] * [ ] L]
0000000000808 RN0R00000000000G0000NCRORRSRRRRROORRRTY
0006000000800 000R00C0C0RCROCGRRRRREGERRRRGCARRRAEGRY -~
L] ¥ [ ] 5 L] ‘ *
° 7,14 8,48 o 7,07 8,88 o 7,00 4,70
“e PPD 6D ¢ #PD PF0 ¢ PPO #PD
e . . .
€49408400000¢0000s00
200000 ¢00ccd R0 ORORS 00 ededenecatetengPpenee
e ) * F4 * § e
e 7,1 8,49 o 7,84 8,86 ¢ 6,00 8.11 o
3 o PR0 PO o PFD D e PPO PFD o V¢ ?
L ]

. ‘e . . . ;2 .
« 7,00 3,0% o 7,1? 8,30 e« 6,00 3,13 o
'f e PFD PFD o PPN PFD0 e PPD PPD o
L] L] . [ ]

C200QRCER0NNACRERQNNORAROQROGIOIOREISSOEQRRGERQAOSOARRORGRR
\AXXIL AR RS NS S) 00000000000 RORRRRRSY

T T DM et i 10

L] Y L ‘Y L) ITs ]
e 7,07 S.,2¢ ¢ 7,80 8,20 o 0,96 J .04 o ¢
6 s PFO PPD o PFO #PD o PFD - PPD o N
. . . ne . gt n /’
00000000000 00000000000000000080000RNRR0RERRRRAY I o ’
Q80 EQEAC0AGAEEC0ARRAL402000000000CRRRRERRRRNRRDS '
. . . . .
. 3,19 "_9!#10 o 7,08 8,33 ¢ 7,04 "800
(I_. rp »F0 o PFD PF0 o PPO PED o
. . . .

eenne ! 1\;-

ANABVRCORNCCARERIIRNAOTRRQCAGGEERNNCECOORNS
OB EENNCRCRAACIARNCORR S0 QARG CQVGNGEOGGEOOQRREOES . ‘f/t
. i ¢ o0 . Y . /l,l
¢ 99,80 3,269 o 7,02 5,25 ¢ 9,10 4Gl e )

;e PED ‘*C ARy e« PFD PFO ¢ PPD PPD o /‘J

{ . . .
.o / ",
teeseveccsonane /“'
[ ] 72 . Y [ av . R
. 8,860 8,200 o 7,07 3,81 ¢ 6,87 .91 o QJ—
o PFD . PF) o #FD PPO o PPO PPD o 0 s
. . . . & °
€000 0%Q0RQARRRRAONERCEER2000QCQRARCOROQRGR0ERRARORNRER “ ’
se00ase B0R0CCateRRRROGRCRRSEROORORGRRAGS ,‘
. o . 2¢ [} 27 . 3
0,000 4,030 ¢ 99,00 8,00 o 6,78 4,080 o 5 P
e PFD PFD o #FD PPD o BFD PPO o “

f L] . . O H
000G RERRQRAPNRERCRERNARCRCEERCREENQQEI0CQRRSQROESRY It
U898 008008 0440400000400 00000%R RO RRRORBORRRORRDS ¥
. o7 . Y . 2 . »

(1 e 99,897 U039 ¢ 09,00~ 8313 ¢ 0,80 4,00 o i
« PFD PPD o PFD P00 o PPD D o F
[ ] L ] L ] L ] i
CARNVOCNCRACCQCCRRNS0QRICR00EN0OCCCRORROPCOCRRRQMIRERTS
. 1 . 3. . g .

o 4,800 040 o 68,9039 8,20 o A0 4,7 o

[ha srD . ®r0 o #8D PPO o PFD PFO o ’ .

. ot . - . . ')
VEARACACINRACECRNNC0QRE0CEEORVOCCSASQRQRGRINCO0RRGONGTS ’, / « A n

XXIX-2




v

bed

‘e PPD PPD o PPFD PPD o PPD (4]

HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, Californis

. /- A . t
e 0,07977 5,100 ¢ 6,080 90,00 ¢ 3,00 4,01

$R0000CLE000AINNIRNENR0RNRARAGENENNNIN0RRNERRNS /4/’4 /] 50 4

[ ] ] ]
(12T LRRST 222 ]) ‘asetednssRsRdchaeasnene
GO0REPLRRNRPODNNV0ARNGCRRRCRRRNANABS RGOS CARORBRNAN0R

[ ] L ] " L ] R

. e.oeoq, 8,180 ¢ 6,050 8,149 ¢ 6,00 ¢ .79

e PFD PFD o BFD D e+ PPD 11

[ ] L ] L]
A900Q0RRACE0ARERARCURRNORRCRRNQRVRROGRRSCERRERSES
(2 X X XS X222 217313]%]) VO RERCOGBNNRENRRGNNRON
. 7. . S . ¢

° 68,7997 78,1390 « 6,600° 3,010 ¢ 4,31 7 ‘4,7
o PFD 5D « PPD PPO s« PPD (1]}

Y wep~
RRE0RC R ARONAESRRANRERO RN QNG RAQAOGGRNPRAQRRNND '
CRNPNCDUNINNBPANE ARG ERQQORRABQANCRAGOGRRRRRRRES

. ” . ’’ . > 09,08 o = /10
0,830 8,110 4 0,700 “'ai000 « 00 " 0p.00 /ﬂ 5/

» PPD PPFD »  PPFO PPFD o PP

. » . .

IR NI ENITINNItIR RINIRItEIRTIRRdOtERPaRee . /iéﬂﬂ
eeptasRNetINeY (X L] cttpaende [ A2 1))
. i3 4 . Y, 4 . .

o 4,929 5,820 « 6,729 4,970 ¢ 6,8) 20,08 » /47
s PFD PFD = PPFD PPD o PFPO_——PPD o / -

T
‘e [ ] L] L]

.

I

L T R Y T L T T T LT Y P YT Y] g?
DO RP PR EBARNRARARRNNEREENOONGRORNROGCROROOARGRDES '
. /4 . P . 44 .
* 0,939 5,039 « 6,660 7 4,200 ¢ 6,0} 4,700 »
. PP PPD o PFO PF0 « PPD PPO o

‘e [ ] L] L]

SO ENARQACRBRTRSORNAREANRORRbORRdanRdedeRoRRaRER
eeesoPRoNERRBGORERY (1] et ohRttRdandgeentes »

. 71 . 20 . 2’ .

o 6,519 4,030 « 6,620 8,810 ¢ 4,87 3,839 »

e PPD PPD o BFD PO o PPOD PFD o

L ] L ] L] .

ARV RCIRNNPOIRANRSRERRNGAGONRRRVRCORRNACRSORROREY

PEOROREROPEOINREIRN NN 00 R QARCORRGRRRDIOORQAREGOORESDR I's ! /
. PR [} I3 L] af * ‘

. 0,089 4,879 ¢ 6,620 8,810 ¢ 6,8) 4,079 » .~ /
e PFD PPD o PFD PFD « PFD PFO o ) 9
. . . . £
ANtV eeRRRseeRbR RO CR RO RGO feenddesotbaanrnnd

Iy N Y Yy Xy X A X X N N S R N XA X XYL ZYR2]]

* 24 . P ’A . a7 L]

* 6,3297 4,919 « 5,670 5,089 ¢ 8,80 4,380 »

. PFD PFD o PRL PPD o« PPD PFD

ROPORTNONEAPINRNENININNISRTERAINIVOSENSRRORINRRRRS |
CRREPIRNS0IRNENRRRNCRIREREEERNTRIAEIREREOEROPRRS

[ ] 20 (] »% . rFy) L]
e 6,30 4,799 » 99,689 3,809 « 6,22 4,409 »
e PPFD PPD o PPD PPD o PPO PP o

. . L) *
CEARAABRNNARNCRNONBACINENBORNOROAS 26ACAGRRNGERNOIRNNS
CORECENAEREENEBLIGRNOTREIRNENEEEEN0EEIEEOEENOPRIS
* P L] A L] 33 .
* 6,129 4,729 o 4,309 4,709 ¢« 6,80 4,379 ¢
« PFO RO e PPFO PPD o PPD PPD o
L] * [ ] L]
00000000 REREARNENEEPNeRRENENeRQeResROtARRRARSY

XX1X-3




XXIX-4

I T

o
STatC VESY L sn CaF L 1Y [} 6/

[ RSN EX IR E AN AN AN S A SN RRR R RSN )
[ } . [ 3

e 7.V 3, 4v o 2. N, 4% e 7, 5,951 o
. PFy LX I S 4 wF «  PFL PFL o
. - . ¢ . " .
B4 00 ¢ A0 0000032000000 00 ¢R QA RRRRORRRRRQRORR

.
e 7,22 4 S, 4

SN e 7.

e PFEN F (3 e« PFD

. . ~Tei 7l
'Q.t;tttotot-'qll-n.v-1-'o.-ﬁont.obittn."."lt.
[ X ] e oPRetitadinadtadane wtooneey

L ) 7 * ' L] 7 [ ]
I I R B U 0 R O T TURA Y - Y
« PED L FFL w #BC Prf e PR PPD o
LI A U A (e D N Afeacs @

CURNGNVENEROD CE AN I RES LIt arenbdoaennbateanenntne

* e [ TR AR NI AN AN ER X

. ) . . . " .
.7, S48 e 21 V. Ae e A8 S, 1¢ o
. PE whn N CLN Ohy - PED [ 13+ .
. r . . . - .

SescRuqnessenrstestetsvantocttdoeceenttteetnntny

VR0 R NP2 40 d eI RRTISC¢EEPRICRROQATRORNORY [ AL XL Y]

. - . o . > .
s AN LI LI I R "a?2 e A QY 1,f0 o
. [ R R S X . wk Ve Y PED PED o
» " . . .

0000000 Q0BG RPSP S0 01 sndovtetnanceddtiitednnee
OBV LRR0200 000U PSR RetiRtdnlRNtRetenOtoe

. A . X . 7w .
T P I 4,45 ¢ Y 0 SV e 6,80 4,06 o
. PRy e « Pt b e« PFD PPD o
. . . .

o

CORNRACN N A0 000 ¢33 RISt adudtnnttsdadtoensRtRe
CARAOCIAROQ 0000390 CC et RatErRtRctatdRatents
[ ] .

/‘ 7 (] 24 L]
e 7,0 QL ey . AT LI T Y I 14 4,92 o
‘e PE LN ¢ P ‘e PED PED o
L ] . -« L ]

2000 EACARVILI P00 SRttt atedeRcteRgRtOARRARSS
VR0V EL 0 QRS r IR AP 0N S ¢t ttadettanidouaceotee

» B . . . JY []
s e "'.gs N TR N T
e PFR rh o PV Ll A N 1 L) L] [
* o . [ ]

cwyDe Lo
L]

.
A AR I E IR E AR RN RN N AREN RN AN AN N Y AR R R A RN Y S RSN N )
° . ”, . ? (]
. \_;!J" LI . 7,1:J° LI Y . 5.77) 4,00 o
s« vkl b * My L. 1 ) PFL e
. . . .
. (AR A X E D]

. tatrenen

. 7/ Lo .
. ¢ 1, -, e A Ny .
. « e W e PRy .
* . L] L]

P80V E Q00NN Q0TS CRCEINEOIORNURBRSEIRQNQRRSRY
POERPCCEIRT LI IO 2R ANEPPEEIOBEOIQANIEROERNRROROEY

* . * L] L]
s f,n " [ o om0 Setn e AUNA 100 @
s 9Fy e, & &7 or. e« Wby PFIY o
- * * L]

l.'.‘.'....l..'l.!..l.l".'Q"l.."'.....'......

w*{’“w

e

N ama T s 2 R

gy T e T

P p—

P AT R PRGN c-Wr.'c’,-r—*QW;:w.rv o

=y

%
ﬁ
|




[] * ’ L] 4 [] -~ 'ﬁ
o 0,030 4,340 o A,380 3,360 ¢ 8,02 4,800 o ﬁ..-':J
| ¢ PFO PFD o #FO PPD o PFO LI I it - .

. . L] . , f
g ‘y
000000000 csn0ceneeestaetstngacssnssccsaPrangeses . ‘
. o . L4 e o .
, * 6,909 $,200 ¢ 7,419 8,860 « 6,07 S,000 ¢
;i e PED PFD &« PED PPD o PPFD PPD o

. . uhate ‘W . 4

00000000 IE0N00EeNeeEnenesaeeeeestantteqeeetense
nnnmmnnIoaam

, -

. (] . L] g C e

o e 6,019 5,279 « 7,000 5,289 ¢ 6,903 S,040 ¢
e« PFD PFC ¢  PFD PPD o PFD PO o
[ ] - L] L ]
CABREB G4 ONRNNC R ARCUONARNCREEC00CERQ0RQSROGTRRGCTY
SR80 AC00C000C0a000es0C¢RRRRROCRRQRAROAtQARNRRRRRS
[ . . R [
e 6,879 4,349 o 85,9059 §,200 ¢« 68,07 S,009 ¢

2 e PFO PPD o #PD PFD o PFD PFO »
L L ] L ] [

RECUNNEE ARV RE RN ERNECRRNRENAORERQCCEARERIRNSADROS
AENCE R0 CR0NERACQCQA0RCCRAOERRRVRGRRRORENRRRROY

. . . . . . .

e 8,809 8,200 & A,G49 3,249 ¢ 8,81 99,00 o

' [ [145] PED o PED L 1] [ [ 14\] rPPO -«

" e . - n--'\;”.\.'
......"‘...........'..........I.‘."'..‘..‘}%..
98200000200 RRCCRLECQAORROEERRNREGERIRRQEOPRISCERONGORNRRGRRSESN

. N . b4 . " .
e 8,749 8,139 ¢ 68,9040 5,079 ¢ 6,18 4,960 o

( e PRy PEQ ¢  PED PFD o PFD PFD o
. . . .
R0QACE0R0 ¢ 0000 RRRCORRIONAARRECERAGRARCERRERRASRNEGTSS .
00000080005 0000000000000008 000000 ERREORTRARRES ™
. , e 28 N L s . »
e 8,709 8,130 & 6,819 $,130 ¢ 6,78 4,000 o iy
.« PP PrY o PPED PPD o PFO PFD e -
. ,z . . .
edetecetetatdede ‘".I.O‘Q.l'....l..'.......!l'.

. -’ . ] e fearh re . .
. e 3,999 9.110 ¢ 6,029 5,129 ¢ 6,30 4,700 o b
o oo PN o PRD D e PFD PFD o l /

\' [ ] [ ] [ ]

0900088000 00C0 0000000 RRRCOCEREPRRQCROERNGRORRRNCRERGTY
C006€0 08¢ 008000000000 00000¢GRR 0000 NRRRRRRRRNRRY

[} [] - * -l O ;

e 6,800 S,009 ¢ 6,750 3,008 ¢ 6,77 4,749 o S‘
e PR PPN e PPD 0 e PFD PFD o

. . . .

0000080000200 000QR0CCRCCSROIOOIRRQGERCEIRAORNOQGCROR O
0400800200 ¢0000080RCRCRRCESRORORGCEQECEORRRAROGRVEREONY

. . R AL U I £ .
Ve 6,909 4,048 0 09,00 S,000 ¢« 8,2 4,960 o
!« #PD PPD e PPD PFD o PPD PFD o

] L [ ] [ ]

D000 CRC0C00CANRACUCRRRACDSARTANORICQEENRORRANGNAD
Q0000 QAR0C0ERRRR0CCCRRNSRRQCOQCRAROCERISRERROGRAGOS

. I . Iy . AT
1w 8,300 4,00 o 5,300 4,870 ¢ 0,00 90,80 o
o PPD PPEO) o PPD PO o PPRD PPFD o

HUGHES FULLERTON
Hughes Aircraft Company
Fullerton. Calitorms

{;)

M Tl A T 1 > ST

D

S Nl T W 7 4

e e Rt

;
( .
!
l




XXIX-6

>

AR

4

N
. . . * ) ) 6
etetadsatgened e 9000000000000 0c000q00CORRNS P, 4
LRI XTI NYY] 2000000 ¢0 008000000 ‘,/ (ﬁ
. ' e 2 N 0 3 o . d’f

e 7,109 1,009 ¢ 1,000 1,000 ¢ 1,00 1,000 o ¢

« prO PO o« PO o0 o PFO D o

L L ] [ ] .

A0 RQCNNRA00LCRANRESRNE20R000RCSRNRBRENON0NCRRRYD

0000000000000 0080000000000000000000000000¢ . f h 5 .
[ ] 4 » ;5 L] ‘ L 4 ’} ﬁ/ -
. 6,939 S,2090 ¢ 7,04 8,880 o 6,8¢ 29,00 ¢ /
.« PFQ PFY e PPD PFD o PPD PFD o -
. ° . * .
9008000 00CHRR00ERR0RLRRCR0RR0QORRRNQRARANRORARSRRDS
00000002008 ¢0C000RAQNCRARNRR0RNRQORRRORRRORNRRSRGTS
. 2 . 5 . q .
e 4,409 4,749 ¢ 8,048 I, 080 ¢ 8,70 4,709 ¢«
s PFD PrY) o PED PPD o PPD PPD o
[ ] L] L ] *
Aaoetaestetese (R A AR R R R SRR RIS}
800000000t tndcaetdtscntnsadalingravnensengecanen
. 10 . 7’ L 2 & . [y
* 8,019 3,130 ¢ 6,909 8,200 ¢ 4,83 2,209 ¢ )
« ) PFY o BFD 0 o PFD ’rD o 10 AN
. . . . ’. L
i
. '8 . 4 . 7%
¢ §,409 1,000 ¢ 1, 800 1,809 » 1,08
4 PPD PP o PPD 0 e PFD
. . .
0000400000000 0000000000000000000d0snbnee
0¢edsddonevnue Seeedossteste
. o - . 7 . N .
¢ 1,009 1,000 ¢ {,000 1,009 ¢« 1,00 1,000 o
s PPFD PPD o #PFD PPD o PPD D o k
[ . . . ) et
CUACNCCOE RN E0QC00RAGROGCORCCRQOCRITOESRROERNUES } 0 -
V0NN CORROORNRARRRE G0 ERRARNCRRNRR 000 RRY eddene
. /9 . a8 . B . ’ - (/ .
9,010 4,710 o« 8,960°7 4,000 + 3,01 000 ¢ /5
s PPD PPO o PPD oPD o PPFO PPD o .
. . . . :1‘{
'.....'Q'...QCQ.l.'.i.'..l‘il.".....'l.."..-ﬁ'
RGN R2NLPOR2R2NQ 2000020 DORNRORRNSRRDEROGORQESORY » N .
[ 5 L] . . L] ’ \..
. 8,079 $,030 7.oao)’s.an « 0,807 4700 )',f/)“"'
« PFD rD o« PPO PFD « PPD 0 o V‘)
. . . ) ):Q#‘j / ’
feddedneqestsee eegdetetacodonrpRn RNttt ng) N
BOAERNC ARG OVRCE00004Q0RAQOERRAVENRRNRANROCRRARRED e l”
L] 25 L] P L} 2 . . - '
e 0,739 3,219 o 7,019 8,219 ¢ 8,83 4,819 o R ')" '
o PPD PFO o PRD *fD e« PPD PFD o oot '
. . . . ¥
(2232332
‘. . .,I,
) (3 2. . ] * . /
L] ..73#l 9,100 o 7..3'3 S.000 « 6,7) 3 4,000 o N y = N i
s PFD 2Fp o PO PP0 o« PPD D o { ')‘\J-‘ Ty
. . . . \ K

0000080800000 0000R0R0R0CRRORYCRRCERQQORAURSRYORGERRESD
(AIATTRLAN Y]] et EOOORCCASERRORS
] [ ] .

S e ek

I AP PR R Sttt - BTG




00000¢800¢0 28000 RSO0 000tRcedccdteeloRsennee

. . L0 e . 2 .
o 0,030 5,200 ¢ 3930 5,000 ¢ 6,09 4,000 o
l e #PRQ PEQ o PO 00 o« Prp T
[ ] L ] * L ]
000040 ¢000AQ0000RAQORNGOQOORQGRNORRTYS sethBetnddegee

00000000800 A0RAR00RRRQCRR00000Q0CRGRRKEINERRORREO0TS

. ’ . 5 . & .

e 0,000 7 5,060 ¢ 8,070 T 8,120 ¢« 6,73 00,88 ¢

2 . PR PFD o BPD 0 o« PFD P
i ) L ] L]

. 9 . 14 )
Z e 6,009 4,969 ¢ 6,960 5,000 « 8,77
e PFQ »FD e oFfp PPFD o PFD
- e * ]
. O ITIT TR Y)

[} R L, . " [ 4 []
[0 4,099 7 8,109 ¢ 0,900 9,199 ¢ 6,78 4,000 o
L.« oo PFL o PFD PrD o PFO PrOo o
S * L] L]

QOVCEQCCERVCRCCRECERCRRNERPRRRORRRGSRNOSOQORESRRGTSE
0800000900080 ¢000dRicRe0N0dRdQetdntetadtdoRetatne

. /8 . f . ' & e
e 3,189 5,239 « 6,080 5,139 ¢ &§,%0 4,789 o
5_ « ®FD PEO o P5D 5D « PFO PFD o
. . . .

0008000000002 00000 ¢80 00RQURRRQCRRATRERRGRARNQROR
Q40200000000 CRERQERCQEORRQERCRRCRRERSCNIPRESSRNGD

e 0.760% 5,199 + 0.040 73,760 o $ .

6 R . . . e 6,8) 4,000 o

e ®FH MDD o PP LLE] e PFD PPD o

L ] L] [ ] k]
sesRReCeeRed [ X3} ataesoaetdadee
deenenasegetonsetotodanee etgvvestcncotenndecde

. . Y O &! .

e 0,700/% 4,980 + 99,00° 8,039 ¢ 6,52 4,839 «

7, o PPD PFO e PFD ___ PPD e« PPFD PFD o

L ] L] [} L]

- . 28 2 .
64,000 ¢ 6,729 4,909 ¢ 6,3 4,010 ¢
Q.t PrD PPy o  BRD PFD o PPFO L1LJ .
. . . .
000000000000 000040000¢0000000800000000008000000)
. Ty

HUGHES FULLERTON
Hughes Aircraft Company
Fullerton, California

S
-«
s

4 .

'rj‘\_A - Re

‘e
1'755/')
-
Lt
A
v
7

. . g . &% . EJ [}
N 7,31077 8,529 « 7,080 5,400 ¢ 6,00 9,070 ¢
<o PED PPD o PFD PFO o« 8PP FrD
. L) [ ] [ ]
000020000 CRQERCREERROROOCORORVGROERVNRGRNOOPYS
QPR ERNICICR00CQEPCRECRCCR0000CRAEARERCRRCRPONS
. 22 . 1 . JO W .
* 7,100 5,450 ¢ 7,230 35,339 o 7,08 S, 000 o -
0o oro PPC o KD PPD o RO PO e,
¢ . L] L RN war W ./
0000900 00CR0RQCRCRRCECCEERRCCRURIRERECRNRSIRRAQRREGRGGS \ ~
400N 000000 NEERQREN0RERNQCORCeEtRCRNOCRSCROECERRRROY 3 .
l‘ N . 3 Y -} )

. ’ > . SRS
er, 087 5,010 07,2307 8,370 ¢ 6,8 8,070
e PPD PFD o PPD PFD o PPO (4 PPD "o




XXIX-8

&L,

10 71 * . :
* 6,989 5,350 o 7,000 3,360 ¢ 00,80 8,850 R
« PPD PFO « PFD PPD &« PFD __— PFD » ZUW
L ] ] * »

(2222121 ]] SO0 QENRRNRNRERRCRRORANOOEASORRRRNERS A 4B
. /3 . 'y . 8 s .
€ 6,949 4,069 ¢ 5,020 5,200 ¢ 6,010 09,80 ¢ % /0
*« PPO PPO » PFD PFD o PFD ——PFD o
. . . e
stdtadnoonestddnasdidRdvdddenndidovennddsdattRed ;;7/L :;722/
PERBRCARABOCNENCRNARSEORRNORNRNURIEIRAERDNNGOERNOD . ]
g

. m . 2 [} ,,’ 1] o
¢ 8,909 5,219 » 7,089 9,209 ¢ 6,899 3,709 ¢ v

e b0 PFO+ #FO PFO » PFO "o . /7&0/

(223121772 fetaseRatattdtodastadeny (12321

(R A R R R R R R R R R SRR RIS AR 200

. % . 0 » 3/ .

* 6,339 4,190 ¢ 6,930 5,190 » 6,029 4,979 ¢

« »PD PPO o« #FD PFD « PFD PFD o

L[] [ ] [ ] [ ]

NeResPRee RN ARTRBRNNE SRRSO RNARRROORRNARARNSS ‘ .

[2 X212 )] [ IR ESTTR] D] [ 12113 . \.

. e . 23 . e, T

o 6,02977 4,969 o 86,3207 785,239 « 6,819 4,910 o 7 S

e PFD PFO e« PFD F0 o PFD PFD o -

. . . . /e

COR AR ARG IR AP ARAOOARNAR AR AROARNNCN O R RN ORRANR ORGSR (y -

(1211 ] 8] NERURALQEIRNCAROREORRNSORAARNENSRALORONRENS -

. af . —_——3 . 27 . e : L,

v 8,7597° 85,160 « 6,050 00,890 « 8,040 £,860 ¢

e« PFD PFO o PFD PFD o PPFOD PFD o

[ ] » L ] [ ]

DERENBIBNARNEPRANCA R AR B NORRUGOPRNSOOSRACSRORORORS .- 7

'...'........'..'.'.....'.......Q..C‘....I'....' I3 \ k*

. o ] - [ = * ;C . Ry,

* 8,850 3,030 & 79,09 4,709 ¢ 6,669 4,780 ¢ . s

s PO PPD « PFD PFD ¢ PFD PFD o /
S ow . . [ ] 4

RSP RA RGP E PN RAP R PRSP ARQARANACOENRNPROARRRNOORNORNS . ot

G0NV NBRRARNECNAROROP OB ERRNRROACRNRANARRRENRANRDORD ~ ., 7 ’ﬂ.

. A/ . 3¢ . 33 . )._( S e

* 68,7397 4,960 o A, 760 " 8,049 ¢ 6,410 4,500 ¢ G

e PPD PFD s PFD PPD o« PFD PPD

L ] L ] L ] *

QCQ...'.t.'..'.l'.t..'ti!t.'.ll!'.t.'.ll'.'t"‘.

Oy e = e

o A . 2




HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

¢ 0,749 S,20% o 6,000 8,179 o 6,70 4,000 o

« PP0 sFC + PFD PFD o PPD »PD o
. e ) . kS . 2 . 0 . ‘,“

' CU0PACRR0CINLRRANCOROIRRRQQ0dtRaedtReadetdannen —

QOO LN QRGN QRSN AQERQARAGQEQACRACRACROSRRQASRRN 1 o~ 7
7, Ak

[ . [} [} ,{' / .

o 9,020 4,120 o« 6,000 3,079 o 8,7y 1,000 » L

e PPp PFO o PFPO PPD o PPD PFO o

. 'S O S . L

000000 CQE QU RQARRRAEQOROROIRRREReRRRRRETORNRRROY

e sedgegotetee sedsegagene ‘Jf 2 Y ]

. NS . e - ' . . x4 p : ¢ ‘) <

® 1,000,c 1,000 ¢ 1,000 3,010 ¢ 6,.8) 5,000 ¢ !

} o PPO %PFD o #FD D o PP PO . - 3
. L) R ) 2 . gl . . P j')
C0QCRCRNCRQNCERREONNPR0RREed Nttt gedRsRntnd '{}/'

G0 0000000 00000 QRN Rt aRRRRePRRRgedRRgaRGRRRQRGRG /x
. L] Y L] [

o 8,569 4,909 ¢ 6,739 2,739 « 6,04 4,720

e« PPD PFD o BPD PPD o« PPD PO o

» ' * K ° R 'y

[ X122 ] se0ednsdodoeoatngdesd ceesanen

aNeee ACENCAGREOC ORGP OQP a0

. . . i h !

o 8,839 3,099 s 5,399 99,09 « 4,00 800 ¢ -,

5 s PPFD PPD o PPD - 0 o PPD PFD o
[ (Y L] ") . ; L]
C8Q0REARRCAECRRRACERQAEGRERRRQEACECqRtadnadatsRENY
..'..t..!.l‘..'..‘.!.'......0.'..'."'.'."...'.

[ ] [ ) L ] [ ]
¢ 8,159 S.P60 o 6,630 4,930 ¢ 6,98 629 o
e« PFO PFD o PFO PFD o PPD *r0 o oo

(ﬂ . e L4 e . RN . ob b
feddgegtetdntenagaiosdattatay tndsendodotanty )[l\

(AL EAXEI YRR AR YARALAA AR )] (XXX ]) /y
[ . ° [ ] *
¢ 8,910 4,979 o 99,89 8,000 o 6,34 06,409 o 2&

1 s ero BFO « PEO ——PSD o PFD L4 T -z
. " » >0 * >~ . o ". ,
CERERCQPERARNRNEVORNE0CREVNEQERCRQIRENOOSNRNGOERTY i)

CPR0PNNOROORANRNERNES VOGRS OQUO ROt asteRgdvRoteRag
L - L ] *
* 6,519 4,069 « 4,970 "V, 000 ¢+ 8,18 €, 449 @
? « oP0 D o PRD I o PFD PO o
. PO S * 33 . Q¥ .
tenessteddantedented shsetgede
8RR QERONRORGRRONS (X2 X2 X22)

* o [} *
G * 7179 S.309 ¢ 7,179 5,220 e 6,88 4180 ¢
e

‘ ) PFO « PFD BP0 o PFD PO
| . 35 . 3w N ) .
i 00000000 QRQGR0RRCRGRRCOARNRRIRNGSCERRQARORRROORARRRSY

! CeNVQNGONQRR IR R VRO RORACRGOOU QRO RRQOORRQRRNRY

! . * e’ [ L]
' o 6,980 93,339 s« 7,070 5,280 ¢ 8,92 €939 »
‘ 1D s »e0 PFO o BFD L4 PPD o PFD A PPD e

. * -
\ ¢ 8,079 4,329 ¢ 7,189 3,319 ¢ 8,83 4,930 o
‘ e PRO  PFO e PFD 2 PPO o PFD . PPD o

. - L] * 13 .

S0V NCRASERNEIRNAC PRI RIORQQESSERORSINQERNQEORRRQREERY

XXIX-9 (XXIX-10 BLANK)

A . 1




APPENDIX XXX
CAPACITANCE PROBE DATA FOR BP-LN DEVICES




E HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

(22 XX AR AR R R NN R R R R R R R R N R X R X R R R N R R R R R R X RIS R RRRAXIREXED)

. N . . . //fﬂ )
. 7,97 7.87 ¢ 7,57 8,029 ¢ 7,3 8,19 ¢ 7,47 3,219 ¢ Y

s« PPD PED o PFD PFO o PFD PFD « PFD PFO v (/

» . . . .

(A X R R AR R R R X R R RN RN RS R R R RN R R R A R N A R R R R X Y R S SRR R ]
SRR CRNRRRARNEDORCERNNSRNQAICGERSRERRANSNCORNECRORQROROCESPROssdRtRRRRRRCEREDS

L ] [ ] [ ] * [ ]
e 8,14 7,60 = 8,04 B,119 ¢ 7,48 8,25 ¢ 7,10 1,780 o
e PFD PED =« PFD PFD o PFO PFD e« PPD PFD o
[ ] L ] - [ ] L]

(A AR R R RS AR RN YRR R R XXX 2R R 22C2E 2]
LA B AR AR RAR AR AR R R 222X 22222202 R )

. » . . .
s 8,37 7.87 « 7.85% 3,429 « 7,31 J 36 o 7 8 74879 »
« PFD PFD » PFD PFPP o PPD PFD » . N PPFD «
. . . . . -
I erEInmnInmnmmmmmmmImIImMmImmImInIIInImInImInmMmIOIOaIaamIaaIImnmsmImMTaTmr 4 lf'
I IIImnmmTmTTIImnmmMmINnmTmTOTTImTI / \
. . N . .
e 8,42 7.89 « A.59 3,309 ¢ 8,17 R, 19 ¢ 7,68 8,319 o
« PFD PFO ¢ PFD PFD o PFD PFD ¢ PFD PFD ¢
. . . . . )
I rnIInrNnIInmnmnmnmmmmIIIIImnmnmmTmTmnTOTmmTmmITaImnmmmmTmmmnm /JJ(/H
I IImnmnOmmmmMmmImInImmImmmm
. . . » .
e A,8) 6,40 « 8,70 3,639 « 7,84 A,70 o 7,69 8,450 ¢
« PFD PFL ¢« PFD PFO o PFD PFO o PPFD PFD o
. . » . .
I rryrInnmnIrarrnnOInInmInmOOIIOImmnmTmnmrmmnmmmImnmmImmmmm> ‘
e nmrmnmnmnmmIImmII IO Iy '
. Wy . . Y . o °
. 8,887 7,84 e.xs” 8.499 -,ﬁ.oo) 8,79 « 7,637 2,899 ¢
e PFQ PFD e PFD PPO PPD PFD o PPFO PPFD o
//' . - . .
'.tt."t.'...tt.t"".'t‘..i.t"""TT:::::::;Q'.t"'..'t.....".
IR I I ImMmII
[ St . >l [ ] 21 . 5£ [ ] .
e 8,81 7.68 + 8,89 A,300 « A,409 8,59 o 7,52 2,489 ¢\ !
’) e« PFD PEO « PFD PED « PFD PED o PFD PED o g
. . . . . \\\

LA R AR AR AR R AR R R 2222222222222 2 )

s

N~

Z




w Q.Qtti't.i.'t'tttitttn.ttt'.ttnt.Ot"‘!tlt!ttt'..t'.l.tnitt!.i." . S
N e / . o . o' .
FURCIE %1 Toll & 72,13 7 7,749 « 7,84 ° Q.01 o 7 20 v 3,140 ¢ 0L N
¥ « e¥D PFO ¢ RED PER  «  PFD PrO PFO . PFD s o
/ . » . o «
AN RN NN NN NN R RN ERAN PN CO RPN RO RRERASRERNRORRRNARRADENSRORRS
NGNS RRERNOEORNAGB RS RR NN D RARNRRCARNNRRCdRAROCVEIRNSRAORNENGQRACRGERARNS
. . . é ] . -, . } .
v 7,71 2 7,21 e 7,92 7.849 ¢ 7,27 7 8,13 ¢ 7,00 " 7,810 e
« PFD ¥FLO e« PFD PFD « PFD PFD e« PFD PFD o
f] . . . « .
WO RN RS E O NN PO R RS e TR AR PP ANNNREENGREAAAREAPEERRARRRATRARORRORAS
ttt'.ttcttt'tt.tt.tt'tttiOtl'tti'it0."'.0".tttttt'tt...’f"”({
[ ] 0 [ ] // L ] // [ ] ‘2 L %
" 8,02 7.8%7 <« a, ) 7,800 ¢ 7,74 8,30 L 9,91 7,840 o
o PFO PFL o PHD PFD « PFD PFC A~ PFD PFQ .
¢ e . . s ¢ 1t J .
3 CRRN RN RNPAARES PR AN PR RGRGCRRROARRORREnodunocendannanndontnnd L
Q!.t.ittt.ttQttt.t.QQtQ.!'.titt'.t.tOttl'.t..t".t'..'il'..l_ﬂ"" / }‘/k/
. Iz . g 3 . ‘e e )
. 8,00 7.6 « A2 89 « 7,99 8,27 7.44 7,830 o
g% PFD PEy e PFD PPD . PFD PFD <§ PO PED o //
" . . b SN . ,
Qt.'.'ttt"'.i'tttttt'."tt!.ttttttttttil..tl.tt‘%"‘ﬂ..'ti.t'. |
(AR AR RN R A ARAREEAL AR AR R AR AN R RS RSN NS SSRRSERE N 2] r //
[] )7 . & . 'y . 20 . /‘[//“
.« 7,97 7.49 « R 3 J.149 ¢ 8,00 8,00 4 7,98 B,160Q o
, = PFD PFD e PPy ¢t PFD o« PFD PED PFO PPD o
e . . . o
(R X X R R AR AR R R R R AR R AR R A X R R R R RS RSS2 2] B ’/.
CENARESARERANANP RSN RRAS NG ENERRRPACRRROOSRRtRoWancRersanntadany /, fr
. 21 . P » 2% 2oy .
.« 7,09 7,42 « 8,44 7.939 « 7,77 8.43 [0 7,55 3,539 »
e PFD PFD ¢ PED PFD e PFD PFO PFD (- PPD o
(r o . . v .
RN AR ARN SN AN R IR E PR C AR AN RN RO OO RRR RO R PR ORNANAR A CORNN AR RRNERRS
LR R L Y Y P P R TR R L )
. 2 . e [ “/ . S .
. 8,206 7.48 « 7,74 N,589 «/8,1) A, 47 o 7,89 8,340 ¢
/ « PFD PFD « PFD PFD PFO PFD s« PFD PPD
. . . . i
PN RN NN E ARG R AR N NN P AN RN R N R R A RAC RN RN RN SRR RN ANRANRIRANRNS o ’
MR ANRNCRNO RO R IR N ARSRERNERNS n.-a...aatont-tnotaaan-anoao-t-n
» 27 . S ek . * - ¢ oo
« A,40 7.9% « A 8) 3,399 8,24 8,4 o 7.8 0.319 (] /2
§ « PFD PED «  PFD PED PFD PPD o PFD PFD o
' 1] . [] [ ]

LA A AR AR A A AR R R A R A A A AR A AR A PR RSN RZRSRSARAED 2 ]

\ | [t

N

XXX-2




HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, Calitornia

020NN AAAERACRANAINNER PR RADONRORER0RRRNOROQORNRRRNREIRNORDREROUSRAYR . SO

. . 2 . 2 . ol— *

4 . 8,10 / T.AL e Q,16 3,080 7,029 3 8,48 7.8 ‘{ 3,209 «
( « PPFY PFO o PFD Ll 4] Pro (4d] (4] PPD o (

. . .

COAACRCACECRRRNRNRORVINNBIIRNDOND a.‘m

VOIRNAVT NN RNRBEARE AT EVNARARANOVRDRNGRNGREE

. ‘; . L . 2 » b3 .
o A, 4R 8,89 « 8,30 7.949 « 7,079 8,68 o 7,86 8,710 o
'”L « PFO PFD o PFD PFD o PFD PPFD o PFp PPFD o
. . . . (]

CCRAAGCAINRCERERRARRPORNARNB N RN NP R RARNR NP RN RERP RS ARARRRAREARRNRONS
C0AAGNEAOARNQAARARNQAANRAV ARSI RRRRANARANDER AVRCCBQAGRANAANNOSRUNO S
. . - N .

] 10 Y x
. 8,AN 8.1 o B4 AL 499 .06 8,859 «
PrD PFD o ‘}/
[ ]

a PFRL PFD e PFD PrEO
00RO RBDARNRASORNENN

8,350
PFO

a2
Jro,

< :

V0 AAAdEAEedROSRCEARRRIRARANARNDNNY

ANV RN RAARAENERAR ARGV VAR R AN ERNV AR QAR AQAC RO RUNARRNASRBRRATONS / ,;
. '3 . ’4 [ ] ’5 [ ] '.‘. ]
WY 8,29 s 8,0 6,209 « 8,660 8,08 » 0,15 8,030 »
L’ .« PED PFO o PFD \ PFN o PFD PFD » PFO PPD o
. . Q" o N . .
ARV RAARAAC O ERRER RPN A ND N NNRNRABAREGRANERACAGRBRRRRASARGRRADS
[ 2 R R R R RN R R R R R R R R R N R R R R R R R R R R R R R R R R R NS REXRIEREERSRRINEEINIIN] X Q/ES
* Y} * s * 1 . )0 h / 5/
* A, 96" A,24 o A.)A 8,749 « 8,789 5,080 o 08,23 V8,970 ¢ /
e PFD PFL o BFp PFD »  PFD PFO o PR PFO e '
J e . _)\hb . . »

[ FR SR AR R R R RE R R R AR R AR RN R R AR SRR N RS SR N RN RS RN RAR R L]
PRGN RRBAMAGARRAAS ANV R AR AR DRV ARARVANGAVQON AP RANINORARERNAORASOS

. - 2 h R . 23 . D)
. ™ 9,18 109.!\0 -\.\M - 8,849 » 8,459 0.12 o A, 21 1‘45.“‘9 .

e« PFD PEY e« PR PFD o« PFD PFD o PPD PFD o
N e . . . (
QQtt;‘...'.Ql"ititt.Q.CCQC..0'..........."!'...'.....".'l..l‘i /{)(’
YRR RN AN RN NEE SR AR AR ERARANRARE RS R R R Y SN RS NSCEESERSR ] 2] i
L] -y . . PR [] L]
* 9,4 O A,299 « A, 84 3‘.0.019 « 8,029 .10 o 7,04 )%8.509 .
‘/ e PFY PED o PFD PFD o PPFD PPFD o PFD{X/ PFO o
! . . . -« /{0 L]

BRAANNVNEVEN LR ARANP A RE RN AR EN NS RN RN PEIENRERRIRARACPVERNRBRASORNE
SN BINRREINRONNONITRANGEN Y AL AAR AR ARRTRERRNRRS AR ] calwqene

. ‘34 . 30 . % . 3 O

9,2 A,2080 « 0,17 3,670 » 8,709 A 00 o 8,19 4,099
\-{ e PFL PFD o PP PFD e PPFD PPD o\ PFD !’0
Ooe . . . o

K .t.t-..!Q'.!...'.l..'i.i...“i.....t.'.‘.'........“Jg[f:.'..'.\l




....l...'i..."".'.i....".......'...l..'i.".".'.!."..'.Q.. .y
. / . 2 . 2 . V74 * (2;/U'
e 7,97 7,73 ¢ 8,11 2,749 ¢ 7,02 3.7¢ 2 6,90 3,220 )
e« PFD PFO » PFD ., _PFD « PPFD 44 . PP "

/. . N % . e e "O‘J 208 LN
.....'.i.."'...'.'.......it‘..'.."......'i.’x‘.’...‘...’.‘."“/ gﬂ
I R I R LI R R R R R N  E R R R R R R R R X R XX R A K XTI XXX RRXITL

[ 1] « 1] |

c 8,397 1,70 « 8.8 ¢ 0,270 ¢« 8,00 7 8,45 s 7,61 ¢ 8,359 ¢ S o
Le #r0 PFO » PFD PFD « PED BFD o PFD PO« VS 4=

. " * . . v o 7/

T R 2 A R X X R R A R A A R R A A N N Y X X X2 2 2R AN SRR EXEXIYZIEZISEEEXRR R 1 4)

(AX AR AR AR RE ) RARNQOANNNRRGEERAERANRACRRRNEBAARRROROONASS

[ 3 ? )/ » J & ]
* 8,42 7.97 8,13 4,20 o 7,98 8,259 »
;? s PED PFD PFD PED « PFD PFD o
-
» ] - [ ] L ] -
[ 2 X 22X XX 2 2R 2R AR AR AR RN R R RSN AR ERXXRXR 2SN 200 ()f)
SOBORNANONORRNERER ANV ANNRARRENEERACNR PR RNAONE RGN ER RO ORRRRRAGRARNAED 0 (/
L ) » ’y‘ » e [ ] /é [ ] /
* 8,40 38,04 « 8,08 2,469 « 8,41 "2 8,02 « 8,14 3,779 »
¥ « PRD PFQ « PFD PED « PPD PO e« PFO PFD »
. « . . o’ )

(XA ARRRRRRZAR2RX] 2]
(AR XA RXXNRE AR AR 2 RR R 2R]]

thtdddtdanddhnnned
RecanRdaned peRRtddaddnddan

<y e U 7N o
e 8,70 7 8,12 « 8,17 4,549 /4 8,50 k!.l « 80207 8,720

, « PED PFD « PED , ypPFD PFD o« PF0 PFD @ P

SN . 219 . ]\}) —% . ,)\(
'......"."..'."’..'.’...'..‘M‘....'.......*..'... » .
(2 XXX R2 2RISR SERAEER X2} SR etRNRRSRABRRORREORORNGRON \
" , . ) . . o & e . /],
e 8,0027 8,21 « 8.5 “78,429 « 8,58 30,97 + 9,04~ T6.710 /{"

C,. PrD PFD =« PFD PED o« PPD PFD ¢ PFD PED o o
[ ] L ] 1 [ ] -

(AR A2 R AR R R R AR AR AR R 2 20 X222 00222 2)
LA A RA R AR AR AR R R AR AR R AR X R IR 2 X R R X 2R RXRR XX 2

* R » [ . - . . L
. 8,84 v*;a.n . 8,59 Jéo.cos . a.n")/a.oe o 7,787 ) 0,550
-7 s PFD PFC = PFD PFN « PFD PFD o PFOD PFD o
* ] » L ] »
[ X L R Y R R Y R R S R X R X R RS XS R XX EIE L]
AR NR R RABAN N ER N AOR RN ERN AN AN RANRARD RPN R NRRARARANNRARNNET AR OEY

» 97 - 3[\ [ ] 5’ [ ] "._; ]
e 8,74 8,17 » 8,63 A,589 « 7,89 8,59 o 7,30 8,359 »
5' * PFY PED « PFD PFD « PPFD PFD o PFD PPD o
[ ] | ] [ ] [ ] [ ]

[ A2 2R KRR SR R A AR R R R R R R R R RS S RS RARTL))

XXX-4




HUGHES-FULLERTON
Hughes Aircraft Company
Fullerton, California

i? LAAAR LR AL AR AR AR AR RRE U Q.'.'..'.C..."....'......'t....‘
)

. . oM - . K - . Ty OLN
7 e 8,22 7.61 » C? 2.0 7,067 8,19 o 7,44 7 'n,200 ¢ ) L
« PFD PFD o \PFD PFD. o PPFD PPD ¢ PFD PFD o ’,

! o == - . . . ) £~ <
[ 2223 322 AR RN AR AR AR RN RN R X2 2RSSR 0 /‘ / )
..'.'-.'.i......'....I‘...‘.......'....'......."."......'...... T P . A}

1 . . . . . > ¥ ~ % ok W . - '
, « 8,28 2 7,58 A Y oa,150 « 7,05 7 §A0 e .35 ¥ 3,100 e o
e« PFD PFi) e PFD PFD o PPFD PFD e PFD PFD o ” 4

S » . . . ﬁ/‘/’
[ XA AR AR X R AR R R 2R 2R R R AR R R RSN ZS R 2SR RRZSRRRE 22
IR 22 2R R R 22X KX RN AR R AR R R R R R R R R RS R RS R R XX RSN 2]

N » » . . .

. u, 34 7.3 » A, 34 7.949 o 8,40 1,00 ¢ 7,65 8,439 o N .

« PFD PRy =« PFD PFD e« PPD /’FD » PFO PFD o }//

. » ~__. & : . - -

MMM ImmmMIImImInInmImmmnmrmrIrs T sonmnmrnOnTmTImMmTIInmImmmnmImIIIInmIoaOOmg Va4

WAV A ER RN R RN ENR R C TR NN R PR RO NG NN AR AR ARANA RN RN R AP RNEONQROAANRERNS /)

[ ] . * v L ] . [ ] . «

8,36 - 7,93 + B,6] 8,129 « 8,32 “ 8,67 « 7,85 8,579 ¢

Z, = PFD PFDY & BFD PFD e« PFD PFR o PIED PFD »

/t - ] [ ] *

I AR XA R R R R R R AR R R AR A RN AR RN AR RARRRR 2202}

T R R R R R R R R R R R T X R L L))

. , . " o E » o'

o 8,66 7 m,04 » a,5¢ ' 8,479 e 8,47 8,92 « 6095 8,820 « y
., PFD PED = PFD PFD e PFD PFO~ o PPFD 1) /
T - N - .. " Y

e nnnnmnmnInnInmnmnmIm nIInmmmnmnmnIIanmnsnmmmmImmmmmmTgT L L

e nnnmnmnrImmmmm I IIInmnm,mmmmmMmIInmnmMmMm nInInIIInmnmInmmIImnmm \}/)

" * . . - LR

, a7 Mo @ A,TH -7 B,539 o 71" 3,74 «i7,.94 T 8,649 o\ }

5 e PFD PED e WKL PFED PFD .« PFD o' PHD PED #

» » ;r-__;IL«*'"' at jnf.. »

[ A X R X R R R EE R RN R ERZ AN R REE R RS S R EE SRS RSN SESSNZSENSRRSZNSRR X 2

LA AR R R R R AR AR AR AR R 2222 R RSS2 D2 )

" i » o . . N N .

RN 7.91 « 7,84 R,529 « 8,42 8,80 o« 7,92 R,749 «

+ PFD PED  w PR PFN o« PFD PED « PFD PED

1] 1] ] ] ]

XX A R  E R R X R R RN RN AN A RREEENEXEZEARRRESEEARRARRRZARZEASENE NS 20 )

[ A A R AR AR AR ENEEEER RS ASNEZZAESZ NSRRI SRS NS EE 2

. ) » : " v . e viCe

¢ « A, 86 T RALM7 e A_4R A ANY o 7,92 A58 o 7,87 3,349
e« PFD PFD « PFED PFD L] PFD PFD e« PPFD PFD «

» » * ] .

I Z 222 3 2 X R R R 2R RN R R R 2R R AR EEZR RS EREZ AR RZENEZRANRZEZRZE R X 2 2}

! XXX-5




>

A&
» '\‘\

¥

-

s

tf

N

J/

XXX-

CARCBERAARCR N0 RNRERRRARRRSNRREOREPRERRECINRIEIASUEROTOITOEERNRORASTEYS

1 ] 7 [} g . 5 [ & o’ []
. 7,09 39 & 8,18 2,389 ¢« 7., 7} 3,83 o 7,40 3,219 »
] PrEN 7 PPD o PFD PFD e« PPFD PFD e PFUL PFD o
. f\ . . . .

.I.““‘.“l.‘.‘....".i.'i...'..l..l....".........'t.'.....l.l.
(AL XL R R A R A R R R R R R R RS SRRRSR R K]

» Py » 9 . 7 . ) L.
» 8,19 7,99 = 8,258 8,239 « 7,08 8,40 o 7,34 3,209 o
e« PFD PFO o PFy PF0 o PFO PE0 o PFD PFL o
L] . [ L] L]

LA AR L AL AR XA AR AR AR AR R AR R AR AR R R R AR RO 2N
AetssttstddatRR RNt RdRRORTRRRRNY SRR NRR0CORANRCRNGROSRNRRANSRNSOEAREQ

. e . I [ e e . ‘. th .
e 5,44 7,74 » 7,08 3,239 « 7,086 7,24 ¢ 7,38 3,249
« PFD PROD « PFD PFD ¢ PFD PED o PFD PFD o
* ) . . .

(AL AN AR RN AR AR A2 A R RN R A XX R R RIS R ]
LA AR AL AR R AR AR AN A AR RS AR AR R R AR AT 2R AR 2R

. ,3 . /q L /J‘ * ‘Y L .
. 9,33 7.91 o 8,28 8.770 « 8,24 5,96 o 7.74 3,469 »
¢ PFO PFU e PED PFD o PFD PFO » PFD PFD o
[ ] L] L] L] ]

(AR R AR AR R R R A R AR AR AR R A R S R AR AR R AR RRERRRRXRRER Y]
SRR AARN R LA RAP AR AR RNE NP RO NN ARONNANNEAORROC ARG CRAROQEERCREATARY

. /7 . ) » i A o L
* A,62 7,97 « 8,72 8,220 ¢ 8,40 3,77 ¢ 7,53 3,409 ¢
e PFD PFD & HED PFO e PFD PED o PFD PFD =
. * T | .. R .

CNRONCRONRANEANRNRENORRNARPSedRedRReRstRteanreRenredinsowwionatnne
(R A R A R R A N R R N T R SN N R R R I XX R X R I ]

[ 2/ . s . 24 . - AN
* 8,63 8,0} * 8,87 8,189 ¢ 8,46 8,59 « 7,96 3,500 e
s PFD PED  »  PFD PFD o PFD PPD « PFD PFD ¢
* » L ] [ ] *

SRRt ReRe NN RRORNRNRERRRGERRNRRNRRRRRARARANSRRRARARIRQRARRRRRRCRESREETD
IARAZA R LR R AR R AR AR R R RN R AR RS RYSSSNERE S

. R - s . 7 . P .
. AN A.le o 8,97 8,556 ¢ 8,03 A.81 o 8,01 3,999 o
« PFD PFD + PFD PED « PFD PED. » PFD PFO o
" . . » [ |

.Q'..O.Q.O.t.....i.'t..."'l't.it......‘...'C'......Q%."O...'ID'
ii"'..Q‘..it'Q.t.."‘.‘..i.'tﬂlt..i....'.'.“{f‘......ﬁ.‘."‘...

» PE * e L) . B K y . »
" 8,01 7.70 =« 8,61 3,620 o 8,08 8,76 » 7,68 ~ 3,350 »
» PFD PFY e PFD PFD o PSSO PFD o PHD PFD »
» . e, v * . .

ttac-taat.t-ttttt.n-nitnnﬁtnt.ttat.t:?}iti‘uait..iit"i;itoﬁnttto

o

AN

prox QYIS




e — -

\:-.

HUGHNES FULLERTON
Hughes Aircraft Company
Fullerton, Calitorma

Shaenonnw 00 RNV 0NN R QRO RRRtRdoRat R eROORRRRRRRRRRGRS O S

'Y 4. . [} 4, ‘\\0

. AR A, 239 o 7.91'; 8,74 o f,% / 5,469 ¢

. oFD PFD o PPFD PFD o PFy PFO . o ERRE
[] el | * 'Y \_____// . F R \
AT R AR E RO AR a s NN R e RN RN A RRROOdRRARORRIRORERASOAtRORARABUETS
PRANENC R ECRR AR RE N ERCANRENRNROARNPRQRNRANReRedOtRgabevOalee

. 5 - &_ . '/ [ ‘r. ‘\\\

* 8,30 7,68 a A M0 R,269 ¢ 7,78 A 82 e ‘T 3,729 o

» PFO PFD « PFD PFN o PFD PED o/ PFD PFD o

. . . ® v «
RPN RN AR ARt O NG NN e AP AN RNANRAROREERARNERY :‘:aoovviito

LA XL ER AR AR R AR R R 2R R A R R R RARRR 22N}

» 6 A » " g: [ " * e *
« B, 40 2,94 « 8,21 3,249 @« 7,98 8,71 o 7,61 R, 3490 o Y
[} PFOD PFO [ PED PFD . PFO PFD e PFD (4 0] [ ] ' / <y /
L] - [ ] * * L‘
NGB RCRAAARNAV AR T RPN LA RNV CCRARAERANNAARR AV RERNPACOINNERORNQRGERNQREGEORARES
ARV RCNARRN RN ANAREN R R EERV RN RNV GCRARNRCAROANARRAPONRORQOGRGESOPRRNS

. 13 . 1Y » / . 76 » } !
. 68,37 8,00 « 8,67 R, 070 » 8,37 .58 « 7,80 8,570 » )
« PFD PED o  PFD PED « PFD PE0 ¢ PFD PFD o : /

» L] " Y Py \ :;

[ AXE AR AN AR RN AR AR RN R R AR 2R R X2 RRR RN}
(R A RN R AR R R AR R AN R RSS2 R 22X )

. 17 . i ) r * 27 ¥ A Y N
. 8,82 8.9 e a,72 8,1%9 » 8,82 A, 49 o 8,77 1,R00 o RN
* PFD PED « PF{ PFL o PPD PFO + PHD PFD o ‘
. L] L] L] . X}
AL R AR AR R R RN R A R R RN RESR SN YR}
LA AR R AR R R AR R R R R QR TV oo X422 ZRITR NSRS
- 2! » I L8 - a3 eyt “\ R 4 [
v 8,89 8,04 = 4,9 8,600 ¢ 8,30 3,79 «+ 8,10 8,749 o

-« PFD PFED e PFD PFD PFD PFD s PFD PFO ¢
] L] ] . [ ] *

(AR E AR R 2R R AR AR AR R AR 2222222200022 22207 Q)
"...Q‘ti.ti"‘.C..iQi.‘..'..t..."...i'.'.‘.'{.'.".l..'......"
i

. J5 . 2e . 2+ PyY % - .
. 9,A0 a.,16 « 8,30 8,609 « 8,61 3,74 o 8,08 3,620 o
. PED PFD e« PED PFD o« PP PFD ¢ PFD PED o
. . * . .

(AR AR R AR R R R R AR R R A R 222322002200 X 22 2RRA )
ARGARRANAVRRNELAACANNNCANERNAANARCERRREDONGRRRROCPRANASERERNGOORRNGRORRS

. 27 . S tF e 27/ PR Fr .
" 8,92 7.97 « B8,97 Y. 000 « 8,64 3,53 o« 8,02 8,689 o
e« PFD PFO <« PFD PED o« PPD PSD o PPN PPD o
[ ] - [ ] [ ] L ]

(AR EAR AN R A AR AR AR 2R 2R 22222 RTR )]

XXX-7

e N e SR eI

T e

o,

- oy By SRR PG R TR T Kot S B P )

Ea o iy




..t........".i....'.t..i..i.t.....'.'..‘l...'..Q.....!l‘.ﬁ"‘.‘. *

. » * < . .
* 7,76 ' 7.22 7,41 * 1,449 ¢ 7,60 5 0.20 « 7,31 ¥ 3,460 « H wl/“/

. PFO PFO o PFD "o PFD TN =3 PFO , PFO o 4
.tt.t.'.ttt't.t.t..'tiit.ti.'ttt.ltt...‘t.i'.'tttﬂ [X 2 2 4] 9
t'...l...'....".."l....'i.'t.Qit'..i...'t.ttl..'.ﬁ.'.l'...'...' ,
. , . & . 7 " J‘ R
* 8,00 2 7,44 ¢ 8,09 8,029 « 7,37 8,24 « 7,07 8,019

Z e PFO PFD » PFQ PFD ¢ PFD PFD o PFO PFD o j
L ] * [ ] L ] ] y
CROCN RNV R I RN R NN R RN ANRARN P RAA AR AARR AN PO R RN NG C AR RAGRCAGROOARNCRENS -
't..tttIt‘ttt..tt'.tti'.!tit.ti!.tlt'tl'.Q't..tt...lt.'!l.‘t..'t.
* " [ ] /‘} * L ] /
8,27 7 7,88 0 8,30 77 2,039 ¢ 7,01 3,13 e 7,38 8,109 o /
e« PPD PFO e« PFD PFO » PPD i} PFO e« PFD P'D [
* . L] [ L
(R R R R R R R R R R R A2 2R R R R X2 R XZ 2R R D RSB | ,k
CNROVOANAERVARNNARPAARRONANRARNORERRRASRSRRROOGORSQAQESRRNGOORESONOY /) ;
[ ] / » /¢ ] /% L] ey \

sy 8,26 3 7.84 & 8,5n 3,149 ¢ 8,00 ’50.“ o J,40 (:/.939 0 // & (

/e PFD PFD [ L 1a}] PFD . PFD PFD e PFL PPFD [}

. " . . #ﬂ
e nnmnmnmrmmmmmmmnmmImIIIInmMmmMmMIIIInTImMmnImmMmMm. otd . ).t.tct.ti
I NI mmnnImnmTaImnmmOIInnar Ao

R Y e et e L

. 7 . . 4§ . .
. 8,50 7,66 o 8,49 /je.ue « 8,22 /T 8,33 s 7,57 2n.300 «

e PRD PFO o PFD PED e PPD PED & PFO PFD o
» » * ] [ g /
RN RNNNNNR AR PRV EANC R R AR ERNRO NV RANENAR T RCARNORRNA QR ROAND RN ENGOOTRARS
BRANCEANRNOCR N RN R BN NS R OB R NONCRRANPAdoddCoRNRdetagdadAaRRadRngadPalS Qé"
[ ] ] [ ] )‘ ] 9‘3 [ ] :J [ ]
© R,55 7 8,08 % 8,55 7 3,609 « 8,16 © 8,82 ¢ 7,43 ~ 8,420

& . PFD PFU a PFD PFD « PFO P50 o PFOD PFD o 5 2 :

* - . - [ K

ey

I I R R R T I R I R R T R R R LR R R R R R R R I R L]
Qt"tn"‘t"iif\@ttt'tttittt't. anaannctoacacccaacag,0'171tt-tiii*

» -~ ., 2 g » N\
Je .oc' d,43 7,93 0 s:% « 8,38 27 821 e 7.94‘2" Y.,729 ¢« |
/ PFD _#n o PFU Prn *» PFD PFD” « PP an

by (] ) * ) L A L E I‘ "
(2232322222222 2202222222222 %) ....'.)“..

ttt'tt..".."i"ttt.t"i'C0:'.l..'.‘l.'...'ﬂ"""mi 2222 0]

* 29 . ¢ A ¢ I *

. 8,61 7,69 « 8,689 1,009 » 8,30 3,43 » 7,80 8,309 «

y ¢ PFD PFD « PFD PFD ¢ PFD PED o PFD PFD o

L ] * » [ ] [ ]

(AR AR AR 2R R 2R R0 222222200 220 Rt R R RRR2d)

TR N R BRI il NP K Wy

=

XXX-8




[

HUGHES FULLERTON
Hughes Aircratt Company
Fullerton, California

i.Q...t'!"..'Ql..'Q'........0"lt....‘....'.!'........'.'.'.'....A ' B A RS
* ’ . 2 [ 3 * ¢ ° ;
o 7,59 7.1% o 8.R9 2,809 ¢« 7,24 $,12 o 6,84 3,000 o
| « PFD I:Fo e« PPN PFD ¢+ PFO PFD o PPg PPO o
. ot . é(" . . . by .
CARNNVE VARV ETRAGNCRDOEES ttttnou..'tQnQt'ti.t'QOQ..‘Q.'.I'“OQ...'. \
R I I I T KJ‘J\-‘\
. /. 1] - * 2 [ ] . L
« 7,786~ 7,13 « 7.9t Y (.m0 e 2,19 7,08 o 6,40 4 3,190 e
e PED PFO e« MFD PFO e PFO PFD e PPFD PFD o
L ] L ] [ ] [ ] [ ] ,
ARV EARNNTVEER AN TCREOCR R CR QRGN R OQNERNAB N RO RRNGOGORNGRAGORGCARGCRASTRNAYS
VAN A NV R ORQARRORRVCREANANRGQENRE QORGSR RRdORRARGQdRRRGEadREND ‘/ f
[ ] . A ] L ] L ] [ ]
It 4 x4 &
Coe 2,937 2,32 e 8.m 2,959 « 7,64 4,41 o 68,90 7,800 ¢ /
e PFD PEQ e PFD PE0 o« PFO PFD o PFD no . o
e . * ’ e ,{' #5./ v
.l'tiiQ.Q...'..'.i'l.lI.I....i."l....'.‘."‘........'. b&.‘.‘... A | “
VAV NVAG R NN VRV ENOE AR BN RN AN R AR RARNARARNOIRNN RO QR QATREORORNORRNGGORGCORRRY 4 }
L] . L o . ‘ * / L . H
» 7,89 % 7,58 8,27 1,009 o 7,74 % 8,13 o 6,92 &1.009 . :
7 .« PFD LA PrO no/- PFOD PFD o nu pro » §
. B T, e ;
aeasate ..'....t.ti.'.. ‘. AR RGNV RNV NRRRNCRRENNAD .I".".' N
(AR R R A A R R AR R AR R R R R R A R R R AR R R R R RN R R R R X R R X N Y Y SN R RN XY ERZXRX2XZX212]) .
. . . f . P . . K
e nam e eadw Y asr0 07,88 7 3,30 6 7,007 7.000 o . !
‘e PFOD PFD =« PBD PFD o PPD PED « PFD PPFD o ¢
. . " FEY TR S ' * /} )
.‘..ttt.ii.....i!tt.'.l.'....."l...é. SeRednRdRsRRAdROTRRRIRONRNY Z &
(A A R A A N A R A A R R A Y R A N N N N R R XXX R XXXZIXZZE]] -/ﬁ *
. . . 5 . . | . S L]
! * A48 T 7 AL e 7,600 3,829 ¢ 7,04 8,36 ¢ 7,5 8,169 »
< e PFD PFL e« PRy PFC e« PPFD PFD » PPD PFD »
v » . | ] * ]
L A R A R R R R AR R R R R R R AR R 2 AR A2 R R 2R XXX ERXARARESRER AR ?
LR X A X R R R R R A X R R R R R R X R R R A R X N A R R R R R R X SRR R XS XXXXEZERXZZ21D]
N > . “b N - . By . 3
* 8,61 7oL e 7,20 7 1,000 » 7,047 " 8,41 o 7,7} 8,169 ¢ ¥
e PFO PFD e« PR PSD o PPFD PFD o PPD PFD « §
. . . . [} A
RN RL QNN NNRCARNRNC RGN NN RO RN RVO RO RRORARANRRAQROCQRORCERGCOIOQCERDRRGRQEOQROREDRS “
000G RC AR RCERNAIRARONERERNNRCORLVRENDRIRNE PRV OV DRNAERNRRERRNARARORY M
. ) . 3 ° » . a4 . _'.jv
. n,84 7,20 e 8,677 3,440 « 8,00 T 3,68 o 7,52 © 3,369 ¢ g
C o ®FD PEQ o PED PEC o PFD PED o PFD PFD o 5
Y . . « . )
VG CEPCARAR PG RRNAVRNAERCRORNREN ROV VRNV NN RO R0 QR CGRORDRARCERGERQRARNSS ?
.
{

t XXX-




o "“ "..l\

d’

Q0G0 0002QRRCRARERERLRVEERERNNCQCRRAERRRAORQERNA0RCRQACOEORERROOIRESS

L] ] . > R » <, - e H-‘- .
*» 7,908 ?2.7% o+ 7,89 6.2 » 7,34 a6 o 842 R, 14 o
« PFO PEY) o PED PFD o« PFD PFO0 e PFO PFD o
I L ] L ] [ 3 L ] *

QEVCQRVV QL RV ERNQC RNV PV PR ANRAR ANV RAEVRERRATRRQAARECIRQANSRESODRRIRY

L I R R R Ry N Y R R Y R R R N Y  F R N SRR R E Y R N R N
- ] ’

. S . & . 4 e . .
v g1 7.78 « AP RN 07,87 8,58 o 6,08 A,34 »
2 *« PFD PED .  PFD PFD e PPD PFD » PFD PFD o
. . . L .

P
-

o

»

~

2

b

5

v
-

ARV VNNENRARQCQEBAARERNSIRAVERRCRGRINNDOSeRARPECRGOARRARURRNAAROARES
(LR R AR AR AN AR R AR A A R A AR RSS2SR L)

. ’ . K . o . - .
¢ 8,22 ' 7.8 e« R, M) €. 3¢ ¢ 7,03 A,71 & 7,40 8,43 o
« #FD PED o PED PFD e« PED PED o PPFD PFD o
L ] - - [ ] [ ]

(AL AR AR A2 AR AR AR AR AR R R AR RS2 R RS R2XXRR R Y]]
..l..'q‘..t'.."!.Q'i."....‘l...'..."...'i..l.....‘.l"‘.‘.‘.‘l

* ) . s Y . -] ® e v .
« 2.9 /3 aim . By 8,32 o S.ar 8,61 o 1,86 R,51 o
« BFD PED e« PED PFD e« PFD PFD ¢ PED PFD o
[ ] » [ ] - [ ]

COARNVORECNNCRCORPRRANAAARRENGRANDPRNASORNVRRAARRGRAGAOERRANRRAGERSS
CORONNAN AN RCAR RNV LR RS RN ARARNRRERNROERAACRAEGRAGRAPNNANOINORURARSS

* \ S e ., BN ] ’ ~ L ] -
e 2,75 T AL1e e 2.81 ' 09,80V 2,36 3,04 e 7,32 A, e
e PED PFD .\\:bn PFD o« PFD PFD o PPFO PFD »
L ] [ ] - » [ ] *

.!0..'..'t...."'l.‘;‘....it'i.'Q'..'.“.'...'...0.'.."."'!'.‘.
VARGV ANAVRN ARV VAR AVC RGNV ERNNPNP ANV RPNAOQQNANER QSRR RORANGREAARPORES

» . . . * S . . Al
. §,51 - R,14 = 8,30 ~ A 829 « A 31 "~ 8,61 7,86 09,890 o
s PFD PFD « PFOD PFN o PFD PFD [ 4.0)] PFD o
. . [ .. [

NAQGRCRANN PRIV ERA RGN A AL QOE RN ARG EDANDRROR RN RGERRQEPROANQOORCGCERETS
LA AARA A A AR AR R AR R AR RSS2SR 2] Q)

b . L Lo » D . ) .
» 8. A1) o« B,4R  B.739 « 8,83 R A0 o 7,64 2,799 o
« PFD PFU =» PED PFD « PPD PO o PPO PPD o
0 - - . . .

’

.t'0...............'.!".".O'i.'.""......Q..t.........'..s‘...
VRN ACAE RV RANPCNBONRACANERRRR N ANOERRNRRRRAORONERQGCEERNGOQERARDREIRARATRY

» , . 5 - P [ S 'Y
e 8,989 &, 12 =« A,5% 8,849 o« 8,32 A, 74 o 7,82 8,560 »
e PFD PFY o P#D PFD « PFD PED o PED PPD o
L ] 1 ] L} [ ] [

REANNERNQE PSRV AV RARNNRCAL R RACNRS G RERANRNNRRVRNE GRS OOV RRAARROQNAREETYR

‘)

L

NNRPRPRRNCY SY WWATW S SUPRRLIN

<




T

001

002

({1

001

001

001

0ol

001

HUGHES FULLERTON
Hughes Aircraft Company
Fullerton. Calitorma

DISTRIBUTION LIST

Defense Technical Information Center
ATTN: DTIC-TCA

Cameron Station (Bldg 5)

Alexandria, VA 22314

CCDE R123, Tech Library
DCA Defense Comm Engrg Ctr
1360 Wiehle Ave

Reston, VA 22090

Defense Communications Agency
Technical Library Center

Code 205 (P, A. Tolovi)
Washington, DC 20305

Commanding Officer

Naval Research Laboratory

ATTN: Code 2627,1409, 5270
(In Turn)

Washington, DC 20375

Cdr, Naval Surface Weapons Center
White Oak Laboratory

ATTN: Library, Code WX-21
Silver Springs, MD 20910

Rome Air Development Center
ATTN: Documents Library (TSLD)
Griffiss AFB, MY 13441

Cdr, Air Force Avionics Laboratory
ATTN: AFAL/RWF (Mr, J, Pexqueux)
Wright- Patterson AFB, OH 45433

AFGL/SULL
8-29
HAFB, MA 01731

Cdr, MICOM
Redstone Scientific Info Center
Redstone Arsenal, AL 35805

Director, Ballistic Missile Defense
Advanced Technology Center
ATTN: ATC-R, PO Box 1500
Huntsville, AL 353807

Commander

HQ Fort Huachuca

ATTN: Technical Reference Div
Fort Huachuca, AZ 85613

001

002

001

001

001

001

001

002

001

001

Commander

US Army STC Fl0

ATTN: Mr, Robert Miller
APO San Francisco, CA 96328

Deputy for Science & Technology
Office, Asst Sec Army R&D
Washington, DC 20310

HQDA (DAMA-ARZ-D/Dr. ¥. D,
Verderame)
Washington, DC 20310

Cdr, Harry Diamond Laboratories
ATTN: Library

2800 Powder Mill Road

Adelphi, MD 20783

Harry Diamond Laboratories, DA
ATTN: DELHD-RCB
(Dr. J. Nemarvich)
2800 Powder Mill Road
Adelphi, MD 20783

Cdr, TARADCOM
ATTN: DRDTA-~UL, Tech Library
Warren, MI 48090

Cdr, AVRADCOM
ATTN: DRSAV-¥
PO Box 209

St, Louis, MO ¢3166

Commander

ARRADCOM

ATTN: DRDAR-LOA-PD
Dover, NJ 07801

Commander

US Army Satellite Communications
Agency

ATTN: DRCPM-8C-3

Fort Monmouth, NJ 07703

TRI-TAC Office
ATTN: TT=-8E
Fort Monmouth, NJ Q07703

Cdr, US Army Avionics Tab
AVRADCOM

ATTN: DAVAA-D

Fort Monmouth, NJ 07708

I e o s

S5 RN R RS B

T

proy




001

001

001

001

001

001

ool

001

001

001

D-2

DISTRIBUTION LIST (Continued)

Commander

Project Manager, SOTAS
ATTN: DRCPM-STA
Fort Monmouth, NJ 07703

Cdr, US Army Research Office
ATTN: Dr, David Squire

PO Box 12211

Research Triangle Park, NC 27709

Cdr, US Army Research Office
ATTN: Dr, Horst Wittmann

PO Box 12211

Research Triangle Park, NC 27709

Commandant

US Army Air Defense School
ATTN: ATSA-OD-MS-C
Fort Bliss, TX 79916

HQ, TCATA

Technical Information Center
ATTN: Mrs. Ruth Reynolds
Fort Hood, TX 76544

Commander, DARCOM
ATTN: DRCDE

5001 Eisenhower Ave
Alexandria, VA 22333

Cdr, US Army Signals Warfare Lab
ATTN: DELSW-0S

Vint Hill Farms Station

Warrenton, VA 22186

Dir, Applied Technology Lab
US Army Rsch & Technology
Labs AVRADCOM

ATTN: Technical Library
Fort Eustis, VA 23604

Commander

TRADOC

ATTN: ATDOC-TA
Fort Monroe, VA 23561

Cdr, Night Vision & Electro-Optics Lab
ERADCOM

ATTN: DELNV-D

Fort Belvoir, VA 22060

603

001

001

001

002

001

001

001

001

Cdr, Atmospheric Sciences Lab
ERADCOM

ATTN: DELAS-SY-S

White Sands Missile Range, NM 838002

Chief

Ofc of Missile Electronic Warfare
Electronic Warfare Lab, ERADCOM
White Sands Missile Range, NM 88002

Cdr, Harry Diamond Laboratories
ATTN: DELHD-CO, TD (In Turn)
2800 Power Mill Road

Adelphi, MD 20783

Cdr, ERADCOM

ATTN: DRDEL-CG,CD,CS (In Turn)
2800 Powder Mill Road

Adelphi, MD 20783

Cdr, ERADCOM
ATTN: DRDEIL~CT
2800 Powder Mill Road
Adelphi, MD 20783

Cdr, ERADCOM
ATTN: DRDEL-SB
2800 Powder Mill Road
Adelphi, MD 20783

Cdr, ERADCOM
ATTN: DRDEL-ST
2800 Powder Mill Road
Adelphi, MD 20783

Cdr, ERADCOM
ATTN: DRDEL~-PA
2800 Powder Mill Road
Adelphi, MD 20783

Cdr, ERADCOM
ATTN: DRDEL-ILS
2800 Powder Mill Road
Adelphi, MD 20783

Commander
US Army Electronics R&D Command
Fort Monmouth, NJ 07703

1 DELET-DD
§ Originating Office (DELE T-MM)




WP

002

HUGHES-FUILLLERTON
Hughes Aircraft Company
Fullerton, California

DISTRIBUTION LIST (Continued)

Commander 001
US Army Communications R&D Command
Fort Monmouth, NJ 07703

1 DRDCO-COM-RO

1  USMC-LNO 001
1 ATFE-LO-EC

Commander

US Army Communications & 002
Electronics

Materiel Readiness Command
Fort Monmouth, NJ 07703

1 DRSEL~PL-ST 001
1 DRSEL-MA-MP
1 DRSEL-PA

MIT - Lincoln Laboratory
ATTN: Library (RM A-082)
PO Box 73

Lexington, MA 02173

NASA Scie