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* Included in this section is a listing of materials and their properties commonly used in MW

and MMW MCMs. The information comes from the Raytheon-Texas Instruments MIMIC
Phase 2 Joint Venture and other Air Force sources.
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MICROWAVE PACKAGING TECHNOLOGY WORKSHOP

AGENDA
18 June 1992

REGISTRATION/CONTINENTAL BREAKFAST

INTRODUCTION/DISCUSSION OF PACKAGING ISSUES
TIM KEMERLEY, WRIGHT LABORATORY

MICROWAVE MULTICHIP MODULE PACKAGES
RONALD NASTER, GENERAL FLECTRIC

BREAK

MILLIMETER WAVE MULTICHIP MODULE PACKAGES
BARRY ALLEN, TRW

MW/MMW PACKAGE DESIGN, MODELING & SIMULATION
PETER PARRISH, EESOF & ACHIM HILL, COMPACT SOFTWARLE:

LUNCH

PACKAGING MANUFACTURING TECHNOLOGY
JOHN BEDINGER, TEXAS INSTRUMENTS

MILITARY vs COMMERCIAL PACKAGES

JOHN TYLER, AVANTEK; RICK PERKO, M/A-COM;
MICHAEL FLANDERS, COORS ELECTRONIC PACKAGE CO.
BREAK

PARALLEL SESSION WORKING GROUP DISCUSSIONS

1. MW MCM PACKAGES - CARL THOMAS, ROME LAB

2. MM WAVE MCM PACKAGES -
KURT SHALKHAUSER, NASA-LERC

3. MW/MMW PACKAGE DESIGN, MODELING &
SIMULATION - BARRY PERLMAN, LABCOM ETDL

4. MILITARY vs COMMERCIAL PACKAGES -
JOE COLUSSI, NAWC-ADWARM
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DRAFT AGENDA

19 June 1992
0730-0830 CONTINENTAL BREAKFAST
0830-1200 PARALLEL SESSION WORKING GROUP DISCUSSIONS -

COMPLETE FINDINGS AND RECOMMENDATIONS -
PREPARE SUMMARY PRESENTATION

1200-1315 LUNCH

1315-1600 EACH SESSION PRESENTS FINDINGS & RECOMMENDATIONS
TO WORKSHOP PARTICIPANTS

ADJOURN
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’ MICROWAVE PACKAGING
TECHNOLOGY WORKSHOP

AGED WORKING GROUP A
18-19 JUNE 1992

ROBERT T. KEMERLEY

WRIGHT LABORATORY
WRIGHT-PATTERSON AFB/

M4 24 ¢

THE IMPORTANCE OF \
ELECTRONICS PACKAGING

ELECTRONIC EQUIPMENT IS A DRIVER IN DoD SYSTEMS AND A
SIGNIFICANT FACTOH iN THE US ECONOMY

AN INDIGENOUS INTERNATIONALLY COMPETITIVE ELECTRONICS
INDUSTRY IS CRITICAL TO MAINTAINING A LEAD IN BOTH DEFENSE
AND COMMERCIAL AREAS

FUTURE ELECTRONIC EQUIPMENTS REQUIRE LOW COST HIGH
¢ 8?&?&? MULTI-COMPONENT ASSEMBLIES (MCAs) AND ASSEMBLIES
S

ELECTRONIC PACKAGING IS IDENTIFIED AS AN AREA PROVIDING
OPPORTUNITY FOR SYSTEM PERFORMANCE ENHANCEMENT FOR
\BOTH DESENSE AND COMMERCIAL APPLICATIONS

M4 24 8
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/ STRATEGY FOR ELECTRONIC PACKAGING \

INCREASE COORDINATION OF ELECTRONIC PACKAGING
IANC;/EESg'I\égNTS WITHIN THE DoD AND OTHER GOVERNMENT

INCREASE DoD PARTICIPATION IN COOPERATIVE EFFORTS
WITH THE INDUSTRY IN ELECTRONIC PACKAGING INCLUDING
R&D, STANDARDS, SPECIFICATIONS, TESTING, AND MANUFACTURING

WORK WITH THE ELECTRONICS INDUSTRY TO FORMULATE A
COORDINATED STRATEGY

N %

Ms-24 10

/MICROWAVE/MlLLlMETER WAVE PACKAGING lSSUES\

- THE MOVE TO MICROWAVE/MILLIMETER WAVE MULTI-CHIP
ASSEMBLIES WITH HIGH DENSITY INTERCONNECTS IS CAUSING
A SIGNIFICANT SHIFT IN THE CURRENT PRACTICES OF HOW
PACKAGES ARE BEING DESIGNED AND MANUFACTURED

THE LONGER TERM TREND IS TO MOVE TO SUBSYSTEM OR
MULTI-LEVEL PACKAGING SCHEMES TO ACHIEVE HIGHER
LEVELS OF SYSTEM INTEGRATION

- PACKAGING COSTS ARE BEING EMPHASIZED EARLY IN SYSTEM
DEVELOPMENTS

M4e24 9
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/

N\
MICROWAVE/MILLIMETER WAVE PACKAGING ISSUES

~

AREAS THAT REQUIRE DETAILED PLANNING AND INVESTMENT

- ADVANCED MATERIALS

- MULTI-LAYER SUBSTRATES

- HIGH DENSITY INTERCONNECTS

- DESIGN, MODELING, AND SIMULATION

- MANUFACTURING TECHNOLOGY

- SUBSYSTEM/MULTI-LEVEL PACKAGES

- TESTING AND CHARACTERIZATION

- PACKAGING DESIGN HANDBOOK AND STANDARDS
- QML

- RELIABILITY
K - MILITARY -VS- COMMERCIAL TECHNOLOGY

Y

Md 248

/ WORKSHOP GOALS

~

o

FOR DoD MICROWAVE/MILLIMETER WAVE MULTICHIP PACKAGING
AND INTERCONNECT TECHNOLOGY REQUIREMENTS

- DEFINE PACKAGING AND INTERCONNECT TECHNOLOGY
AND MANUFACTURING PROBLEMS/ISSUES

- RECOMMEND SOLUTIONS TO THESE PROBLEMS BY
DEVELOPING AN INVESTMENT STRATEGY THAT CAN
BE USED BY GOVERNMENT AND INDUSTRY

- BUILD UPON AND COUPLE TO THE 2-4 MAR 92 AGED
ELECTRONICS PACKAGING TECHNOLOGY STAR

/

Ma 24 2
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/ WORKSHOP APPROACH \

- IDENTIFY, PRIORITIZE AND RESOLVE ISSUES ASSOCIATED
WITH DoD MICROWAVE/MILLIMETER WAVE PACKAGING AND
INTERCONNECT TECHNOLOGIES

- WORKSHOP AGENDA
» SPECIAL INTEREST PRESENTATIONS
+ PARALLEL WORKING GROUPS
+ SUMMARY FEEDBACK SESSION

- WORKSHOP FINDINGS AND RECOMMENDATIONS

K DOCUMENTED IN A REPORT J

4-24 3

/ FUNCTIONS OF WORKSHOP PARTICIPANTS \

JOINT INDUSTRY/GOVERNMENT SESSION CHAIRMEN LEADING
DISCUSSIONS

INDUSTRIAL SPEAKERS
- SPECIAL FOCUS PRESENTATIONS
GOVERNMENT SESSION CHAIRMEN
- PROVIDE SUMMARY BRIEFINGS OF SESSION RESULTS
- PROVIDE 1-2 PAGE SUMMARIES OF SESSION RESULTS
WORKSHOP PARTICIPANTS
- ACTIVELY PARTICIPATE IN SESSION DISCUSSIONS
- PROVIDE INFORMATION ON ISSUES AND SOLUTIONS

K - FILL OUT ISSUE AND FEEDBACK WORKSHEETS J

Me.24 4
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PARALLEL WORKING SESSIONS

. MICROWAVE MCM PACKAGES
. MILLIMETER WAVE MCM PACKAGES
. MICROWAVE/MILLIMETER WAVE PACKAGE

DESIGN, MODELING AND SIMULATION

. MILITARY -VS- COMMERCIAL PACKAGES

{SSUE WORKSHEET
SESSION TITLE:
Issue Title:
Imponance: ____ Showstopper: ____ Neecds to be done: __ Nice idea: ___

Description of Issue:

Suggestion # 1 for Resolution of Issue:
Resources Needed: ___ MVYrs/Yr for ___ Years
By this type of orgamization:

Suggestion # 2 for Resolution of Issue:
Resources Needed: ____ MYrs/Yr for ___ Years
By this type of orgamzation:

Suggesuon # 3 for Resolution of Issuc:
Resources Needed: __ MYrs/Yr for ___ Years
By this type of organization:

Me 2
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FEEDBACK FOR SESSION

The sessions are large and ume is short. This is your mechanism o endorse or object (0
the findings and recommendations. lt is very important that you complete thus feedback
form. They will be analyzed 10 develop a sense of priority of the fadings and
recommendations. [t is also important that you circle all of he (ollowing desaripiors that
characterize where you are “coming from”. SUPPLIER USER GOVERNMENT
INDUSTRY ACADEMIA COOPERATIVE CONSULTANT  ENGINEER
MARKETING MANAGEMENT MATERIALS COMPONENTS SUBASSEMBLY

SYSTEM

Optional Information: Name: Alfiliation:

Issue Title:
Suggestion # ___

Circle: Sirongly Agree 10 8 6 4 2 Siurongly Disagree

Comments that you want reflected in the final report on the issue:

Issue Title:
Suggestion # ___

Circle: Strongly Agree 10 8 o6 4 2 Strongly Disagree

Comments that you want reflected in the final report on the issue:

Issue Title:
Suggestion 3 ___

Circle: Strongly Agree 10 8 6 4 2 Suongly Disagree

Comments that you want reflected in the final report on the issue:

DoD AGED WORKING GROUP A ACKNOWLEDGES

- GEORGIA INSTITUTE OF TECHNOLOGY, MR C.T. RUCKER

- PALISADES INSTITUTE FOR RESEARCH SERVICES, MS P. MYERS

FOR THEIR SUPPORT IN ORGANIZING THE MICROWAVE PACKAGING
TECHNOLOGY WORKSHOP

o
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Microwave Multichip
Module Packaging

GE Aerospace

Microwave Packaging Technology Workshop
Georgia Institute of Technology

Ron Naster

GE - Electronics Laboratory
Syracuse, New York

{(315) 456-2046

RJUN 6/12/92 .39

Microwave Multichip Module Package - Outline

GE Aerospace

; Microwave Packaging Requirements
* Packaging Concepts and Assemblies
* Materials and Housing

* Interconnects

» Advanced Systems and Technology

* Development Needs
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Present Microwave Packaging Requirements - 1992
GE Aerospace
= Reliable Enclosure
- Hermetic enclosure requires leak rate less than 5 x 108 atm-cc/sec
for active components.
- High thermali conductivity required to dissipate high power from
confined areas.
- Materials must match CTE of GaAs and Silicon.
¢ Highly Reproducible Performance
- Required to maintain channel phase and amplitude tracking.
- Places light tolerance on line width and dielectnc thickness dimensions
*Low Cost
- Required to meet budgets for large arrays
- Must be consistent with light tolerances and use of high performance
materials.
- Forces designs which are compatible with batch processing and
automated assembly and test.
RJIN 6/12/92-4
Present Microwave Packaging Requirements - 1992
erospace

« Weight and Size
- Must fit within phased array antenna grid spacing and stay within platform weight budget.

* Mode Suppression
- Package geometry must be designed to avoid circuit-to-package coupling to eliminate
package induced performance anamolies and waveguide modes.

« Interconnect
- Low Loss is required to achieve high efficiency, high transmit power and low noise figure.
- Well controlled 50 ohm impedance is required for power transter.
- Greater than 60 dB isolation is required belween microwave interconnects and between

microwave interconnects and control and power supply lines.

* Feedthroughs
- Low resistance DC feedthroughs are required for high current distribution.
- Low loss 50 ohm microwave feedthroughs




Microwave Packaging - Drivers
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N 6129740

GE Aerospace

SYSTEM REQUIREMENTS - Stressing performance specifications
impose severe requirements on package heat sinking, loss, and
consistency.

—  High transmit power

—  Low receiver noise figure

—  Module-to-module tracking

DISTRIBUTED SYSTEMS - Trend to decentralize and distribute support
electronics at antenna forces microwave/digital integration.

—  Distributed signal control functions

—  Distributed power conditioning

— Intra-module calibration

—  Distributed beamsteering computation logic

— Digital beamforming

DIVERSE COMPONENT INTEGRATION - Module performance is best achieved
through integration of dissimilar microwave/digital technology.

—  Microwave: GaAs (MESFET, HEMT, HBT), InP, Si, and SiC, Diamond

— Digital: GaAs, Si

—  Power conditioning: Si

—  Optical: GaAs

HIGH DENSITY PACKAGING - High packing density is required to integrate

electronics in antenna grid spacing and meet system size and weight
requirements,

HEAT SINKING - Increased module performance and funciionality increases heat sinking
required for reliable operation.

High density packaging is required to integrate diverse
component technology into future systems.

RUN 6/12/92-35

Power Dissipation/Antenna Area

GE Aerospace

Freq. P, (Peak) n Ppis Ppig/Area
(GHz) (Watts) (%) (Watts) (Watt/in?)
1 200-400 50 40-80 12-24
3 50-100 45 12-24 3.2-6.4
10 12-24 40 3.6-7.2 11-22
30 2-4 30 9-1.9 24-48
100 2-4 15 22-.45 63-126

Duty Factor = 20%
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Phased Array Dissipated Powér6

GE Aerospace
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RJN 6/12/92-42
T/R Module Architecture GE Aerospace
Microwave Power
—{ —— {>
GaAs
PHEMT/HBT

Silicon Bipolar
- > T/R TR —<
Optical ' Q r

Opto-electronic

Transducer pd

s N

— A -<}®<}—®« LNA

Digital
N g VSN N —— 2 Y I G
. GaAs FET
SilGaO GaAs GaAs FET GaAs PHEMT  GaAs PIN
Si PIN

N kL

Conditioning

GaAs FET Silicon Bipolar
Silicon CMOD
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RN 61292 ¢
Semiconductor Properties (Room Temperature)
GE Aerospace
k CTE E b PO
. Thermal Coef of 1 Elastic P Dielectric Loss
Material Cond. | Therm.Exp.| Densi Modulus | Resistivity | o
Win-G /o Lbfin & pQ-cm onstant Tangent
in- =
ppm 10° psi at Microwave Frequencies
Galtium Arsenide 1.0 58 19 12.4 8.1 12.8 0016
Indium Phosphide 18 46 A7 - —_ 12.3 _
. Silicon 34 32 084 155 850. 1.0 001- 01
Silicon Carbide 6.8 37 116 481 — — —
" Diamond, Type 2A 50 8 127 — +1026 57
: Germanium 1.5 58 19 1.4 45 157 —
RIN 6/12.90 ¢
Ceramic/Glass Properties - Room Temperature
GE Aerospace
k CTE ) E 0 € 5
. Thermal Coef of . Elastic Ko Dielectric Loss
Material Cond. | Therm.Exp,| Densiy Modulus | ReSIStVity I conciant  Tangent
W/in-C m/C Lb/in 106 psi pQ-cm
PP psi at Microwave Frequencies
Alr 00066 000042 1.0
Alumina
99% 93 6.7 141 55 >1020 9.9 000t
96% 89 6.4 144 47 >1019 9.2 0003
94% 70 6.0 141 43 >1019 8.8 001
Alumina Nitride 2.5-4.3 4.1 118 40 >1019 8.8 001
Barium Titanate 19 9.5 200 >1018 38 0002
Beryllia 99.5% 6.3 6.7 105 485 >1021 6.7 004
Sapphire 12 56 144 55 >1021 1.0 .001-.002
Silic (fused) 04 8 079 106 >1017 3.8 0012
Glass (variable) 025 092 8.7 >1022 5-6 002
7059 (BaBoSilicate) 46 938 >1014 48 .005
7070 32 077 7.4 41 0025
7740 3.3 081 9.1 46 026
Quartz .04 6 .079 125 38 0001
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Packaging Material Properties - Metals

GE Aerospace
The‘:mal Cg;rlsof ! ElaEstic P Dielzrctric Loass
Material Cond. | Therm. Exp.| Densit Moduius | Resisvily | Constant  Tangent
W/in-C ppm/C Lbfin 106 psi ué-cm at Microwave Frequencies
Copper, pure lorms 99 16.8 323 176 1.72
Gold 75 14.2 698 ns 24
Aluminum, 1000 57 234 097 0 26
6000 49 234 .097 10 26
2000, 3000, 5000 486 234 .097 10 26
7000 3.1 234 0497 10 26
Molybdenum 36 49 369 478 48
Brass 1.2-5.2 185 .308 165 39
Beryllium 39 115 067 42 46
Nicket 1.9 13.3 .322 30 69
Kovar .45 49 302 19 45-85
invar .28 1.6 280 205
CNIC 12.5/75/12.5) 3.1(x-y} 190
{Cullnvar/Cu) 4.2(2)
{16/68/16) 4 2(x-y) 19.0
5.4(2)
(20/60/20) 5.5(x-y) 19.0
6.7(z)
Sitver 10.6 19.6 379 1186 1.62

Die Attach Properties (Room Temperature)

GE Aerospace
Th « 1 CCT”E f Y ElaEtlc P Dlel:::tric LOSSS
Material Cond. Therm. gxp. Densit Modulus | ReSIStVY | Constant  Tangent
Wihin-C ppm/C Lbiin 105 psi ui-cm at Microwave Frequencles
Gold/Tin (80/20) 14 159 542 86
Tin/Lead (63/67) 13 247 305 4 150
{60/40) 1.3 239 308 15.0
(50/50) 13 248 a2 15.6
{40/60) 1.1 246 335 17.0
(30/70) - 351 185
(20/80) 95 265 368 198
(10/90) 91 389
SniAg (96.5/3.5) 375 123
Sn/PbiAg (62/36/2) 13 27 307 a3
indium 20 327 264 16 9.0
Epoxy, Able 826-1 053 32 087 2 300
Able 84-1 LMI 048 55
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Composite Electronic Packaging

HN612:927

GE Aerospace

Composites Advantages

» High thermal conductivity

* Tailorable CTE

Low density

Low cost in high volume applications
Weight savings to 80%

Net shape fabrication

Key Materials

« Silicon carbide particle/aluminum
Diamond particle/aluminum

Carbon fiber/aluminum

Caroon fiber/copper

Carbon fiber/epoxy - aluminum laminate
Carbon fibet/epoxy - copper laminate

L J

Reinforcements

RN Brigme 13

GE Aerospace

Discontinuous Fibers,

Continucus Flbers Whiskers

\/

4

\
b N
I EAN

i

Reinforcement

Matrix

Metal

CeramiciPoylmer

Particles Fabric, Braid, Etc.

Metal
Ceramic
Poylmer

X
X
X

X X
X X
X X
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Metal Matrix Composite Properties (Room Temperature) .. ,..ospace

k CTE v E o oi ‘Ert ] L )
Thermal Coef of . Elastic . . ielectric 0ss
Material Cond. [Therm. Exp. Iﬁ;}'sr:t Modulus Risi'f_‘g:‘“y Constant Tangent
W/in-C ppm/C 108 psi at Microwave Frequencies
P100Gr (20%)/1100A 5.5 (x-y) 10.3 (x-y) 093 18 (x-y)
3.8(2) 27 (2) 6.8 (2)
(25%)/ 5.5 (x-y) 8.3 (x-y) oNn 20 (x-y)
3.5(2) 27 {2) 6.0 (2)
(30%)/ 5.5 {x-y) 6.7 (x-y) 090 22 {x-y)
3.1 (2) 27 (2) 5.4 (z)
(40%)/ 5.5 (x-y) 086 26 (x-y)
2.1(z) 4212
{(50%)/ 5.7 {x-y) .083 30 (x-y)
20(z) 3.2(2)
P75Gr (10%)/1 100Al 5.1(x-y) 17.3 (x-y) 097 12.5 (x-y)
(20%)/ 4.6 (%-y) 12,6 (x-y) 093 15.1 (x-y)
27 (2) 68 (x-2)
{30%)/ 4.1 {x-y) 8.9 (x-y) .090 17.7 {x-y)
27 () 5.4 (2)
SiC (40%)/Al 25 126 105 21
(60%)/ 4.06 7.0 10 26.1 ‘
(70%)/ 4.06 6.2 10 26.1
CM-15 4.7 7.0 36 -
CW-10 53 65 61 — |
CW-15 5.7 7.0 59 — !
CW-20 6.3 85 57 — :

Fiber-Reinforced MMCs

RN 6/12/92.10

GE Aerospace

Advantages

- Very low CTEs possible
- Very high conductivities possible (>copper)
- Low density
- Easily machined (some)

Disadvantages

- High cost

- Limited shape capability (e.g., plates)
- Hard to machine (some)

- Hysteresis

- Galvanic corrosion for C/Al
- Poor transverse strength for C/Al, C/Cu

Key matrix materials: Aluminum, Copper

Key fibers; graphite (carbon), boron, silicon carbide
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HIUNB 12 929
Particle-Reinforced MMCs - Key Materials
GE Aerospace
* Aluminum reinforced with
- Silicon Carbide - (SIC)p/Al
- Diamond - (Diamond)p/Al (experimental)
- Aluminum Nitride - (AIN)p/Al (experimental)
« Beryllia-reinforced Beryllium-(BeO)p/Be
 Diamond/Magnesium - (Diamond)p/Al (experimental)
» Many other systems possible
- e.g., copper matrix
HiNB1202 3
Gr-Al Cyclic Thermal Expansion - 3 Cycles
GE Aerospace
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Tungsten/Copper Cyclic Thermal Expansion - 4 Cycles
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GE Aerospace
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CTE of Electronic Materials

- - B v?f Aerospace
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METAL MATRIX COMPOSITE AND “‘KOVAR™
MICROWAVE PACKAGES
GE Aerospace

C MICROMAYE CIRCULT PACKAGING @
TR - e 74 s ot
. 3 . X

METAL WATRIX COMPUSITE

MEIGHT ~ 42 g

THERMAL

.9
CONDUCTIVITY

6 BY

HR-F1.°F

MELGHT - 15 g
THERMAL . 14 B
COMDUCTIVITY HR-FT-
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Kovar and Metal Matric Cqmpgsite Packqge Costs | GE Aerospace

Assembly($S/Assembly)
¥
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(8]
(=
o
! 2 g
T /l‘! T
¥
[»]
<
=4

>~ ( AY »
0
3 [ \‘\ _MMCs
\ -
N T [l P
$0 4 t t t
0 1000 2000 3000 4000 5000

Quantity

Materials & Structures

High-Thermal-Conductivity Multichip Module

GE Acrospace
Astg Space Dwision

55 v/0-51 CP{%&
GoLp PLATED "

‘ﬁi

e e f',_,.‘ .
Kovar:LEap -Egane
. 1576 3 3 '." "-”4
boLy sPraTey

GoLD PLATED

* P120 carbon liber/copper base
¢ Tailored CTE matches alumina
» Advanlages vs. molybdenuin
- 3 x thermal conductivity
25% lighter
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Equipment Division

AMICDO Pressure Infiltratigpipag‘i‘pg

Raytheon

* Form of liquid infiltration utilizing pressurized inert gas to force molten metal
into a preform of reinforcement material

* Allows for inexpensive production of net-shaped composite materials with
tailorable properties

* Pressure infiltration utilizes controlied pressurization - high infiltration pressures
with low differential pressures inside and outside of mold
- Reduces sealing problems
- Lowers required wall strength
- Minimizes thermal mass of molds
- Lowers tooling costs

» Key characteristic - process does not rely on matrix wetting by the molten
metal and is capable of high melt temperaturcs: therefore, many combinations
of reinforcement and matrix alloys are possible

- Aluminum silicon carbide
- Graphite aluminum

- Diamond goid

- Graphile copper
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Equipment Division

. . . Rayth
AMICDO Powder Injection Molding ymeen

* Form of powdered metallurgy where net shape formation of potentially
inexpensive composite metal housings is possible

* Powder Injection Molding Process

- Selected metals are milled to fine, uniform particle sizes

- Fine metal powder is mixed with organic binders for adhesion
Pliable mixture is injection molded to shape
Shaped part is sintered in hydrogen furnace at very high temperatures
Multiple furnace firing occurs until the binders are removed and part
density is achieved

t

* Process design characteristics include
- Control of metal powder size to prevenl agglomeration of metal particles
during sintering
- Control of heating rate during sintering to minimize shrinkage and warpage
- Mold design to accommodate 20% shrinkage of part during firing

Raytheon
Conclusions

® Low Cost (< $50) T/R Module Package i3 Achievable In Large Quantities

@ Metal Injection Molded Package Is Lowest Cost Solution for Packages With
Features Like Septums, Grooves etc.

® Ring and Base Package Appears to Be Lowest Cost for Featureless
Enclosures

@ AISIC Pressure Cast Packages Offer Minimum Welght at 10% - 20% Higher
Cost (s $50)




LTCC/HTCC Comparison GE Aerospace

LTCC Thick Film on HYCC
Package 96% Alumina  (92% Alumina)

Physical Properties

CTE at 300°C (ppm/°C) 7.9 6 4 60
Density (g/cm3) 29 37 36
Camber (milsfinch) 1-4 -2 1-4
Suriace smoothness (microinches) 8.7 14.5 200
Thermal conductivity (W/m K) 16-20 20 1418
Flexurai strength (kpsi) 22 40 14
Thickness/layer after firing (mils) 35-100 05-10 520
Dimensional Shrinkage Tolerances
Length and width +0.2% N/A SR IR
Thickness +0.5% N/A +5.0%
Electrical Properties
Insulation resistance (ohms at 100 VDC) > 102 > 1012 > 102
Breakdown field (volts/mil) > 1,000 > 1,000 > 700
Dielectric constant (1 MHz) 7.1 93 8.9
Dissipation tactor (%) 0.3 03 003
Buried conductor res. (mt¥ 0) 50 — 100
Microslrip loss {dB/in @ 10 GHz) 08 - - it
Integrated res. & cap. Yes - HNo

mimic | Multi-Chip LTCC Package I @m

3} HARRIS A csanmcanor EEsnf B £ SvsTEMS

Basic Construction

Cavllies

Top Film

Resistars
Signal
Layers
Power

Thermal ;&

Vias Plane
Ground
Plane
50 Ohm
Striplines

Advantages
+ Integration of Transmission Struclures
« Complete Hermetic Package . .
- Compact Size for Complex Circuitry .
- Low Cost in High Volume Single Channel X-Band LTCC Module

G11005002 08105 01 91y
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LTCC PACKAGING FOR
MIMIC | x_BAND RADAR MODULE @m

PHARRIS A aswrmconor  gEr0f  BAESSTEMS  HATRT  MACM

FEATURES
+ 15 3.5 mil CIRCUIT LAYERS

- 10 10 mil SEAL RING LAYERS

« 4 MICROSTRIP TO STRIPLINE TRANSITIONS

+ 2 ISOLATED AND SHIELDED STRIPLINES

- 4 THERMAL ELECTRICAL GROUND VIA FIELDS

+ ISOLATION AND MODE SUPPRESSION VIAS
THROUGH ALL 15 LAYERS

+ GROUND PLANES IN ALL LAYERS
- EMI SHIELDING IN SEAL RING SIDEWALLS
+ SHRINKAGE CONTROL 10.2%

. LOSS AS LOW AS 0.2 dB/INCH
(A1203= 0.2dB/INCH)

GOIOERGER 18007 40 o




- AZY -

MPATT microwave Packaging and Interconnect
Technology for Phased Arrays (WL) GE Aerospace

Sum-Domed Module cost is reduced by

T/R Cetf and . Semiconductor'-based_ processes and equipmem

', HDI Muttilayer * Denser packaging which increases batch size

+ interconnect {40 per 6-inch water)

Host * Improved module yield through adaptive lithography

Technology
Development

¢ Host wafer

« DC/RF
Interconnec!

RF
transmission
media

*» Wafer-level
tabrication
and test

» Cooaling

* Hermetic seal

Size: 0.55"x1.5"x0.06"

Weight reauced to
2 grams

U0 Feed-Tws

Microwave HDI results in significant reduction in module size,
weight, and cost

Winrowave Backaging 404 intescanmect
Technatagy tor Phased Atvaya
Contsaal £833018-91.8. 1748

Phase | Concent Davelopment Repert
m 1913

High Resistivity Blicon Hopl Waler

Ptepared tor: Submitles by:

Welghl Rasenrch Davstapment Cuntnr Westinghouse Eteciric Corpoeniion
Electronic Technology tadorslory Eleciionic Sysiems Growp

Wilgh Palterson AFB OH Baltimore, M0
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Key MPIT Program Elements
Requirement Westinghouse Approach Benefits
Low Cost Batch Processing
Host Water Selection High Resistivity Siilcon Commaercislly Avaliable
Fine Line Geometries
Procsssing of RF/DC Pracision Thin Film Batch Processing
interconnects & Passlve on §) motherstrate Reduced Parts Count
Components
Reduced Stress Dis Attach
GaAw/SI Camponaent with Metal Shims Baich Processing
Attach & interconnacts TRW COmpilant {Nterconnect Enhanced Rsllability
WEC Auto- Wiredonding
Single Layer, High Density
AF Transmission Madia Microstrip Supports Multiple Intsrconnect
Procesass
Water Levei Tost RF Watsr Probing Fuily Automated
Automated Moduie Test improved Yield, Low Cost
Thermal Management Thermal Spreaders Improved Rallabliity
Fllled Thermat Vias integrated Apptoach
Hermetlc Coatings WECAndustry initistives Reduced Cost & Weight
Organic/inorganic Coatings
\ wﬁ'ﬁ- MICROWAVE PACKAGING & INTERCONNECT TECHNOLOGY
RIN V129222
MPAIT Development Plan GE Aerospace

« Host Wafer - AIN used for high thermal conductivity and excellent mechanical properties.
Thermal expansion coefficient is matched to GaAs by copper deposition.

« DC/RF Interconnect — Thin film metallization on Kapton defined by laser lithography atlows tace-up die

attach.

+ Die Attach &
Interconnect

Il

Process compatible with standard eutectic, epoxy, and thermoplastic resins.
MMICs filt 80% of module area
3:1 module size reduction

« RF Transm!sslop

Media density by 10:1

A

High density thin film microstrip interconnect compatible with MMICs increases RF

Microstrip lines are adaptively adjusted for MMIC misalignment
Shielded RF crossovers .
AF feedthroughs buried in cofired AIN
Low ohmic and mismatch loss

+ Waler-Level -~ T/R modules fabricated on 6 inch walers
Characterization, — Standard cassette-to-cassette handling
Dicing, and Test ~- RF autoprobing at wafer level
+ Cooling Face-up bonding and 4-mil MMICs provide best thermal path

(N

Conventional cooling possible to 4 watls
Microchannel cooling in or extemal to host waler atlows output power o increasa to

15 watls

« Hermetic Seal

b

Integral hermetic package without walis
Near term batch processed metal cover
Longer termn uses thin film conformal coating
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@ PICK AND PLACE AUTOMATION DEVELOPMENT
REDUCES VARIATION AND LOWERS COST

DEM/VAL

® 124 COMPONENTS/MODULE
® 5 SUBASSEMBLIES

MANTECH PHASE 2 <$400 MODULE
® 41 COMPONENTS/MODULE ® 17 COMPONENTS/MODULE
® 3 SUBASSEMBLIES ® NO SUBASSEMBLIES

@ SEMI-AUTOMATIC PROCESS

® +/-.007 INCH/LIMITED FEEDERS
@ 70 - 95% YIELD (COMP)

® 10 MODULES/SHIFT/MACHINE

INTEGRATED
AUTOWORK CELL

® FULLY AUTOMATIC PROCESS @ INTEGRATED MFG PROCESS
@ +/-.003 INCH/MULTI-FEEDERS ® 4/-.0005 INCH/MULTI-FEEDERS
@ 99.9% YIELD (1000 ppm) ® 99.99% YIELD (100 ppm)

® 78 MODULES/SHIFT/MACHINE ® 200 MODULES/SHIFT/MACHINE

@ 1000 MODULES.DAY

B Frequency Response-Current

ahi

Ry :.uhhm.,.t Lyif

Ultrasonic Monitors tor Wirebonding
- Bond Characteristics Meeasured In Realtime
(2 Wiras/4 Bonds per Second)
- Measurements Relate to Bond Quality (Strength,Visual)
with Neural Network
- Bond Quaiity Relation Enables On-Line Statistical
K Praceas Control, Defect Detection

5 : erebond Ultrasomc Signal Analysus e e T et w

Current Enveicpe
- Time Record of V/S Puise
- Rise Tima, Ouration
- Basis for Frequency Response

- Fourler Transtorm of Current Enveione
- Mechanical Resonant Frequency
- Shape, Magnifude Relfate to Bond Quality

Frequency Response - Impegance
- Voitage/Current
- Dependa on Bond Geometry
- Relates Directly to Bond Quality

/

Toxas instruments/ Westinghouse Mantach Joint Vanture
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Silicon Wafer Processing Provides the m
Technology to Batch Process T/R Modules

Flip Chip
2nd Metal
T e Polyimide
psirate Via
15t Metal

4 Watt Transmit Module Will

Demonstrate Feasibility of Wafer @
Fabrication of T/R Modules

-
- bl
- halS
- -
- -~
- -~
- ~—

Siy N, and Wax Contor1 Goai
Etched Polyimude With dc and L ogic Lines

AIN Substtate Yath LW ang Bias Lmes, With Fip Clop Lne

AN Cold Prate With Liquid Microchannels

AIN Goolant Distnbution Marwold
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Designing for Manufacturing Yield
Die Yield After Attachment and Number of Die m
Per Hybrid Will Determine the Hybrid Yield

93.9% Die Assembly Yield

Hybrid Yield

30
Number of DieHybrid

Four Areas to Address to Achieve Desired Hybrid Yield:

1. Partitioning, to Reduce the Number of Die Per Hybrid

2. Die Test, to Start With a Higher Percentage of Good Die

3. Assembly Improvements, Design for High Assembly Yields

4. Rework, Initial Design Must Allow Cost Effective Rework Lo

SIHI049308 O te

Already Been
Designed
for MCM

Manufacturing

! | 7
- T A Transmit
—— ‘ Module Has
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Future Microwave Packaging Requirements - 2000

GE Aerospace

= High Density integration
- High Density Integration of microwave and digital electronics to increase radar
pertormance through improved calibration, adaptive nulling, digital beam forming,
distributed signal processing, etc.

* Improved Heat Removali
- Additional heat removal capacity to handle thermal load of higher power transmitters and
increased module integration.

* Opto-electronics integration
- Integration of opto-electronic components for mating with {iber optic beamformer and
controt harnesses.

* Multi-layer Packaging
- Multi-layer packaging for increased volume integration and insertion into thin
conformat array structures.

RJIN 6/4:92-6
y GE Aerospace
1980 1990 2000
| A/D Conversion ™
—  FiOinlgrdace
Beam Slearng Ctrt ] Pwr Cond
A/D Conversion ™
| F/O Interiace L.
RF & Digital 8eam Steering Cirt I Pwr Cond
= A/D Converson ™
L{ F/O interface —
Beam Steering Cinl | Pwr Cond
AD Conversion ™
Lt~ Fr0 interace <
Beam Steering Clrl ] Pwr Cond

* Phase & Gain Control
* Transmutter (GaAs)

« Phase & Gain Contral {GaAs) * Receiver (GaAs)

«Tr ; » Control Logic (GaAs)
E::z::::;: + Phase Control (Silicon) . ;;r:x?:éﬁ:?ﬂ * Power Conditioning (Silcon)
« Control Logic {GaAs) * Beam Steering (Silicon)
* Power Condiitioning (Silicon) + Performance Monitoring
« Calibration
« Space Time Adaptive Processing
+ Digital Beamlorming
* Signal Processing
* Transmitter {Tuba/Silicon)
* Receiver {GaAs) « Beam Steering {Silicon)
Centralized - Power Conditioning * Performance Monitoring
Electronics  + Beam Steering Computsr « Calibration * Data Processing
+ Performance Moniloring + Adaptve Nulling * Display
* Calibyation » SignaVData Pracessing
« SignalData Processing * Display

+ Display




Conformal Airborne Arrays - A35

GE Aerospace

Airborne integration places extraordinary demands
on packaging, interconnects, thermal control, and
mechanical structure.

2000

AD Conversion ™
T3 Imerdace l
Beam Sieanng Cirl l Pwt Cond

_‘ A/D Comverson

m

ace -—.(
RF o (agha § | Beam Steering Cut | Pwn Cong
Pl
= A/O Conversion ™
— il jace .—(

Baam Staeting Curl | Pwr Cond

A/D Conversion ™
L[S Toiadace <

Beam Sieerng Cul | Pwr Cond

« Distributed Processor

* Integrated Active
Antenna Structure

For future airborne radar, advanced packaging and
photonic technology will reduce radar weight and cost
and add new performance capability.

Survelilance NS

RIN 27277922
Microwave/Digital Integrated Packaging GE Aerospace
Issue * Microwave Digitai Needs
Frequency/ 1-100 GHz 3G MH2-200 Wirl2-2 arz
Clock Rate
Average Power  5-50 Watts : 20-200 Watts
Consumption
Die *GaAs *Silicon and GaAs
*Thickness - 4 mils *Thickness = 20-25 mils
*Ground Plane Metaliization sEutectic/Epoxy Attachment
Solder on Epoxy Attachment
Substrate *CTE match with GaAs *CTE match with Si Develop compatible substrate/
(5.8 ppmv/°C) {3.2 ppnv°C) adhesive system for GaAs/Si
«CTE (BeQ) = 6.7 «CTE (AIN) = 4.1 ppm/°C «AIN
k=6.3 W/in°C k= 4.3 Win°C «Metal matrix (SiCAl)
*CTE (AI303) =6.7 .
k =.9 W/in°C
{nterconnect sLow loss transmission lina *High density High density/high isolation
System «Low inductance RF grounding «L.ow crosstalk multilayer interconnect system
*Low coupling (<60 dB)
*L, C, R lumped element maiching
*High power
*Efficient heat removal sEfficient heat removal High thermal conductivity/CTE
Packaging «Multilevel packaging for tight malched metal matrix packages

antenna element grid spacing
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Microchannel Cooling Effect on T(max) and P, GE Aerospace

170
Singlp cooling cthnal
- in P
Q180 (Basgline Design) ~~
@ / i
% 150 A S
@ 4 W3tt Deliverabip /
g 140 | -Moglile e
g / /
5 1 icrochanpels
€120 ,/ ogt wafpr
2 10°C/8W)
// growth tq 44 Watt motiule
100 at 150°C
0 2 4 6 8 10 12 14 16 18 20
Output Power (W)

Transmit power can be reliably increased to 44 watts with
AIN and microchannel cooling.

RIN 6/12/92-19

Fiber-Optic Microwave/Optical Interface

GE Aerospace

Monitor  taser Sgherical Optical GRIN
Detector Diode Lens Isolalor Lens
\ Y out
——————
Laser Optical In

Matching

Network - \\
o o AN
LNA\ \ Driver Amp Detector

Detector Malching Network

RFin RF out
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Microwave Packaging — Summary GE Aerospace

* Improved packaging and interconnect systems are required
Packaging material compatibility with GaAs and silicon
* Thermal coefficient of expansion
* High thermal conductivity

Higher Density interconnects
¢ Uncompromised microwave performance
* High isoiation for reduced microwave/digital coupling {crosstalk)
* Top level "flying lead" replacement

Feedthrough Connections
* Low microwave loss
« High power DC
* High density control

Low-Cost
« Materials
* Automated assembly and test
* Wirebond replacement

* Advanced Technology needed tor future higher power/highly
integrated systems
* Multilevel packaging
» Lightweight/low cost metal matrix materials
» Optical component insertion for microwave and high speed
digital interconnects
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Millimeter-Wave Multi-Chip Module Packages

Barry R. Allen

Microwave Packaging Technology Workshop
Atlanta, Georgia
June 18, 1992

Millimeter Wave Packaging Topics

» Requirements
+ Challenges
+ Examples

+  Comments and conclusions




Millimeter-Wave Packaging Requirements
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« Extension of microwave requirements

» Unique challenges

- external RF interfaces less standardized

- dimensional tolerances decrease with frequency

- dielectric based packages exhibit many resonance modes

- conductor losses increase rapidly, (L ~ £ for optimum single-mode line)
- arrays require dense RF, DC and control packing

« And opportunities

Millimeter-Wave Packaging Requirements

passive compaonents smaller for higher level of integration in package
integrated package and antenna more practical

dielectric interconnects possible in some cases

quasi-optical systems for improved performance

7 e<wy

Package Function

Millimeter Wave Requirement

External RF interfaces

Low loss, low VSWR
Low unwanted radiation

Internal RF ji.erfaces

Repeatable chip-to-chip connections

Internal signal distribution

Low loss, low VSWR
Low unwanted coupling

Internal and external signal isolation

High isolation, no mode coupling

DC/Control distribution

No RF degradation

Hermeticity

Required at present

Thermal management

Minimize temperature rise for reliability

Low cost Required in relatively low volume
Small size Key requirement in arrays
Light weight Required in arrays and munitions




Millimeter-Wave Packaging Challenges

- ALO -
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Package Function

Millimeter Wave Challenge

External RF interfaces

Likély to be waveguide or antenna
Few standards

Internal RF interfaces

Radiation and repeatability

Internal signal distribution

Microstrip or stripline plus others

Internal and external signal isolation

Isolation difficult in non-metallic package

DC/Control distribution

Constricted space

Hermeticity Usually adds significant loss
Thermal management Higher power density for transmit
Low cost Difficult with precision dimensions
Small size All dimensions not scaled equally
Light weight Limited by thermal requirements

Millimeter-Wave Packaging Challenges

- A -

A
F F<ww

+ Millimeter wave MMICs relatively new technology

+ Usually machined metal housings and single layer substrates at present

» Present fabrication limits restrict multi-layer substrates to about 40 GHz

* DoD (and eventual commercial) needs require lower cost packaging

+ Millimeter packaging for low cost requires:

- Accurate CAD for EM, thermal, and mechanical simulation

- Improved, repeatable mechanical and electrical properties

- Reliable, available package suppliers
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Millimeter-Wave Packaging Approach 78wy

Most packaging approaches use four main elements:

1 - Package base

2 - Package walls

3 - Internal Interconnects
4 - Package interface

Each major package element is somewhat independent, resuiting a number of
configurations.

The lowest cost packaging approaches provide batch or automated processing
of all package elements.

Millimeter-Wave Packaging Electrical Limits YZa {7

Approximate dimensional limits for mode-free multilayer alumina microstrip

(e, = 9.9)
: Maximum .
US| ViaSpacng | ST | ey
(mils) (mils) Diameter
10 170 50 150
30 57 17 50
60 28 8 25
90 19 6 17
120 14 4 i3

Dimensions scale approximately as

E,
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Millimeter-Wave Package Base

L
J 7wy

implementation

Characteristics

Metal - Kovar, CuMo, CuW, AISi, etc.,

- Excellent shielding and grounding
- Several precision fabrication methods
- Low thermal resistance except Kovar

Metal matrix - AlSiC

- Excellent shielding and grounding
- Less dimensional precision than metal
- Low thermal resistance

Co-fired ceramic

- High dielectric constant

- Combined interconnect and base

- Metallized for shielding and grounding
- Refractory thick-film metallization

- High thermal resistance without vias

Low temperature co-fired ceramic

- Lower dielectric constant

- Combined interconnect and base

- Metallized for shielding and grounding
- Low resistance thick-film metallization
- High thermal resistance without vias

Millimeter-Wave Package Base

Ta3ww

implementation

Characteristics

Polished ceramic

- High dielectric constant

- Combined interconnect and base

- Metallized for shielding and grounding
- Low-loss thin-film metallization

- High thermal resistance without vias

Polished fused silica

- Lowest dielectric constant

- Combined interconnect and base

- Metallized for shielding and grounding
- Low-loss thin-film metallization

- Poor thermal resistance without vias

- Requires glass frit for package




Millimeter-Wave Package Walls
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Implementation

Characteristics

Metal - Kovar, CuMo, CuW, AlSi, etc.,

- Excellent shielding
- Several precision fabrication methods

Metal matrix - AlSIC

- Excellent shielding and grounding
- Less dimensional precision than metal

Co-fired ceramic

- High dielectric constant

- Metallized for shielding

- Refractory thick-film metallization

- Many vias needed for mode suppression

Low temperature co-fired ceramic

- Lower dielectric constant

- Metallized for shielding

- Low resistance thick-film metallization

- Many vias needed for mode suppression

Fused silica

- Lowest dielectric constant

- Metallized for shielding

- Requires giass frit for package

- Vias needed for mode suppression

Millimeter-Wave Package Interconnect

L
'EAY 44

Implementation

Characteristics

Co-fired ceramic

- High dielectric constant, high loss
- Refractory thick-film metallization

Low temperature co-fired ceramic

- Lower dielectric constant, lower loss
- Low resistance thick-film metallization

Polished ceramic

- High dielectric constant
- Low-loss thin-film metallization
- Requires glass frit for multilayer

Fused silica

- Lowest dielectric constant, lowest loss
- L ow-loss thin-film metallization
- Requires glass frit for multilayer

Combined flexible thin-film and ceramic

- Thin-film multilayer for control and DC
- Ceramic over thin-film used for RF

High resistivity Si

- Acceptable loss for many applications
- Complex bias and interconnect

Flexible membrane (COIN)

- CPW interconnect
- Cambines interconnect and bonding
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Compliant Interconnect (COIN) Concept 722

Self-adapting to MCM CONDUCTIVE TRACE

Unhampered heat dissipation
from below

Cennects chip pad dire~tly to ¢*ip pad }
Shortest signal path routing %:

COMPLIANT
INTERCONNECT
{"COINT)

. . MALLEABLE
Tap signal anywhere over the chip BUMPS

surface
Inexpensive and disposable

Pressure or permanent contacts

Easy to test, burn-in

[
A

Matches high density interconnect Viq! a7 CHIPS
. Y Pird
attributes ey 7

» Need not customize chips

VVVY VVYVY VY

COIN is a multilayer structure built on flexible stock, bearing malleable bumps on one or
both sides, to make contact to the chip pads, and/or the substrate traces, and/or the
outgoing leads.

i . T‘l-l
COIN Applications th
A) Board-to-Board B) Wire/Ribbon
Connector TWO SIDED Replacement

CONTACT 8UMP CONTACT BUMP e ()

« 3D: MCM-to-MCM

Wire
»  3D: Chip-to-Chip Bond-to-Package
3D:Board-to-Board Chip-to-MCM

GaAs-to-Silicon
Catrier-to-Carrier

« Wafer Probe
+  Chip-to-Board (MCM)

(8} (b)

CONTACT gUMP ’/"/o\

BUMED LAYER

C) Complex Routing for ™ D) Simple MCM Y
MCMs (Muitiryer) it \ Substrate
. Digital o conmcrone © 3D MCM
. A'D TOP LAYER TRACE 0 e . Wsl
. RF 4__/ )
. MMIC N vIA

+  WSI
«  Power Distribution
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Millimeter-Wave Package Interface 713w
Implementation Characteristics
- Ceramic feedthrough
Stripline iransiiion to miciostrip - Radiatioin and ccupiing
- High loss
- Ceramic feedthrough
CPW transition to CPW - Radiation and coupling
- High loss

- Narrowband
- Waveguide back short desirable

- Hermetic with separate feedthrough
- Waveguide back short required

Microstrip to slot coupled waveguide

Microstrip E-plane probe

- For metal or metal matrix package
Glass feedthrough E-plane probe - Can be wideband
- Waveguide back short required

- For metal or metal matrix package
Glass feedthrough coax connector - Wideband

- Presently limited to 65 GHz

Millimeter-Wave Packaging IZa{/;

Low loss, low VSWR transitions that are essential for low noise and
high power applications require precision fabrication.

Lo SUBSTRATE

500 E [ 14 NO VOIDS UNDER

FEEDTHROUGH / / TRANSMISSION LINE
1
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MINIMIZE —3»{ E - / DEVICE CHIP
GAP 7

TRANSMISSION
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Wavequide W S
Intertace N /}7’/ A7
~N N\

y <«— FLAT/NO VOIDS

N Micrositp Subsirate 7 2
sy / ///A ‘ %—’ o

FLAT/SMOOTH \
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Impedance H §
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1
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Y 404|s4TY
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Ka-band FM-CW Transceiver Comparison

‘ 1HERCULES

Ka-band MMIC FM-CW Transceiver

} IHERCULES s
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Modular Packaging of MMIC Downconverter 7 7%Ww

Ka-band Low Noise
- Downeconverter

‘ s Mixer IM

Tiliy e A Sy

Packaging Features

» Standardized hermetic coaxial and waveguide interfaces
» No carriers

IR

» No separate internai covers
» Most machining with single setup; no EDM required

» Operation through 50 GHz with alumina substrates,
through 65 GHz with fused siiica substrates

TRANSCEIVER BLOCK DIAGRAM
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W-BAND GaAs MIMIC TRANSCEIVER

DIRECT
DELTA g;ﬁ!::ésugn DDS FILTER
PORT
DDS CONTROL
ISOLATOR
SUMLF
CELTALE AMP/ FILTER
AMP/FILTER SUM IMAGE
REJECT
/ MIXER
PROBE
COUPLER SUM L.O.
(1 0F 3) AmP
CIRCULATOR
DELTA IMAGE
REJECT MIXER POWER AMP
DELYA L.O.
SUBSTRATE WAVEGUIDE AMP SUM PORT
UG e LRSET
[(==1 R —— DIAMETER)
CROSS SECTION CARRIER
L MICA LS
L
MIMIC BRASSBOARD TRANSCEIVER
l | DETAILED VIEW / i
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W-band MMIC Receiver Module

Receiver Module o
RE Wavequide

WITTRTRTY T T

3t SREORUAS

ey e v

PO LN

Low Noise image Reject L0 Waveguide Recerser Modules
Amplifier MMIC Mixer MMIC

W-band MMIC Receiver Module Yrs<z71

Package degrades noise figure and gain of the module over 1 dB.

Noise figure and gain of Noise figure and gain of
I-channel of I-Q mixer Q-channel of [-Q mixer

FRS—. o et




K-band LNA/DC Using LTCC Interconnects

K-band Integrated LNA/DC Block Diagram
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4

251827 91

70%wW

rrascd

LTCC includes embedded filters all RF and DC connection paths
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K-band LNA/DC LTCC Interconnect 7wy

» Lowtemperature co-fied cerame
» Gocrelecticar sropertes

o v =725

* tan{o) ~0.008

*» Thick fiim gold {5 me2rsa)

» Stripline RF interconnect

Py

» Twolevels for de and contro!

» Cut-outs for mountung RF ¢iups
and filters

95 TYTRY

M I8E3IN

K-band Low Temperature Co-fired Ceramic 7230w

TAPE Stackup: One 0.0037" + Four 0.010"
Dimensions are after firing. Via Fill:

= VG1hy

e VD162 ,
Typical Edge
Q.QMM;LQL T VG2RY Cutout Scheme

{ayers; VFV
G1 —pp , /_

01—
G [

Rt~ e i 0.0474"

G-~ E

MASK DESIGNATIONS

Gt Top Ground

D1: OC Bias #1

G2 Stnphne Top Ground
R1: RF Stripline Layer

G3' Sinphing Bottom Ground




K-band Integrated LNA/DC Performance s 2<wyw
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Ka-band Low Temperature Co-fired Ceramic 7wy

P Mualtlayer LTCC test structures for 35 GHz
> Tiansmission loss pquivaient to aluming ~0 8 4B ineh

P Mo esonance problems observed

REV A




- AS53
Ka-band Low Temperature Co-fired Ceramic 723ww
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Ka-band Low Temperature Co-fired Ceramic 1724

» 35 GHz power MMIC
test structure

» Through substrate chi
mounting for fow
thermal resistance

» RF performance
equivalent to alumina

-
:
3
7
~

e Az

Ka-band Ceramic Package IZacid

Investigating both LTCC and transfer tape on thin-film substrate.

Loss intentionally added to reduce dielectric resonance Q.

VIAS . PACKAGE SEAL RIM

CERAMIUC SUBSTRATE

CERAMIC WALL

-

DU LINES
RE 1O PORT

CLU-WY BASE
OR
CERAMIC BASE




Transfer Tape Q-band Feedthroughs 7% {1

195243 %

Thin-film alumina test pattern before Completed transfer tape feedthroughs,
addition of transfer tape Joss «<1.5 dB through 50 GHz
o L F ¥ J
Transfer Tape Q-band Feedthroughs 73wy

> ADVANCED CERAMIC MULTIPLE HIGII DENSITY PACKAGE TRANSITIONS.
B OUTSTANDING PERFORMANCE TO 40 GHu.

» 14GHz 19GHs 332Gz 406G 1S

INSERTION LOSS: -.06db S34db o -Ladb -10dbh

P MODULAR MILLIMETER WAVE COAXIAL TEST FINTURE
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Millimeter-Wave Package Comments 7 7<vw

« Resonances in ceramic wall package limit the frequency to about 40 GHz.
« Metal or metal-matrix packages are capable of operation through 100 GHz.
« Precision low cost fabrication of package walls and base is needed

« Either ceramic or glass feedthroughs can provide wideband interfaces at 1-2 dB
loss.

«  More work is needed on combined hard and soft substrate multilayer to apply
the work in digital MCMs to millimeter wave packages.

» A technique for attaching a single cover to thin internal walls during sealing
would reduce the size and weight of complex millimeter wave packages.

Millimeter-Wave Package Conclusions 7274

Millimeter wave packaging relatively immature

More work needed to apply low cost fabrication to millimeter wave packaging

L

CAD needed to model electricai performance and manutacturing process for
conductor loss, dimensions, and material properties to eliminate iterations.

*

More development needed in non-metal packaging approaches for millimeter
waves, especially for low cost fabrication of strong, thin, accurately patterned
dielectric layers with low resistance metallization
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Microwave Packaging Technology Workshop

Addendum to AGED Electronics Packaging Technology STAR
June 18-19, 1992
Georgia Institute of Technology

Atlanta, GA

mptwb192.ptp

Microwave and Millimeter-wave Package Design,
Modeling & Simulation

Peter T. Parrish

EEsof, Inc.
5601 Lindero Canyon Road
Westlake Village, CA 91362
(818) 879-6200 FAX (818) 879-6392

mptw6192.ptp
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Major Issues for MW/MMW Package CAE

o Packages are part of a hierarchical design: integrate
the package simulator into a design environment that
includes chip, PCB and system simulators.

o Enhance/Develop database to cover package and PCB
design and simulation

v Trend is toward higher density & complexity

o Intelligent programs: design synthesis/compaction,
PCB routers

The Ideal Open EDA Frameworlk

e

N T T R T

1 Schematic
Editor

Additional . EM
Simulators Simulator

4

Design .
S nc%ronization Primary
y ) Simulator
Engine
""':ﬁ;& R T e R R R S N T P T S

Interchangeable tools that remain fully integrated
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Issues for Package EM Simulators

o Pick an EM analysis method that fits the problem

o Develop algorithms that yield acceptable accuracy
and speed

o Target the engineers desk (workstations, networks)
or massively parailel computers

- EEsof EM Simulator Product - 1992

o EMSim, based on Spatial Domain, Method of Moments

o Target Application: Simulation of complete passive
MMIC structure, with acceptable speed and accuracy

o Level of geometrical complexity: quasi-planar - ground
plane, plus two dielectrics and two additional metals

o No walls, lids; vias are modeled
0 S-parameters model insertion
o Input: GDSII or ACADEMY drawing file

o Output: S-, Y- or Z-parameters

mpiw6i92.ptp

mptwb197 ptp




~ A60 -

Watkins-Johnson 0.5 - 3.0 Ghz Two-stage Amplifier

0 M. M. Meehan, T. Wandinger, D. A. Fisher, "Accurate Design
Centering and Yield Prediction Using the 'Truth Model',” IEEE

International Microwave Symposium, pp. 1201-1204, Boston,
MA, June 10-14, 1991.

o P. J. Draxler, G. E. Howard, Y. L. Chow, ''"Mixed Spectral/Spatial
Domain Method Simulation of Components and Circuits," 21st
European Microwave Conference, pp. 1284-1289, Stuttgart,
Germany, Sept. 9-12, 1991.

o Simulation time 6m 10s (1m 45s) on HP 700

- o———
e IS SRR # Yot

Patched Amplifier in EMSim
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EMSim Simulation of MMIC Amplifier

EEsof - Libra - Wed Apr 3 06:48:17 1991 - w; _ampi0

o 0B[S21) o 0B(S22] ., Uelsti)
EMS EMS EMS
20.00 0. 000
\ h\\\ﬂk\“__
\ T =
\
-

-10.00

~
e

10.00 | 7

\ // - \/
N MRS
0. 000 \ \ { §L / \ -20. 00

0. 000 3 000 FREQ-GHZ 6 000

Measured Data _for MMIC Amplifier

EEsof ~ Libra - Thu Apr 4 10.22:30 1991 - wj amp10

o 0B(S21] o 0B[S22] , ODBlS!t)
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Future Product Challenges

o Seamlessly integrate EM simulatic: into Design Environment
- Enhanced design database
- EM simulation as another "'simulator socket"

o Analysis of more complicated PCB geometries
- At least five metal and dielectric layers
- Dielectrics of limited extent in transverse dimensions
- Arbitrary angles in transverse dimensions
- Controlled impedance vias
- Walls and lids
- Arbitrary angles
- Arbitrary port locations and de-embedding

mptw6192.ptp

Future Product Challenges (cont'd)

o Improved algorithm efficiency
- Multi-level techniques
- Circle of influence (impedance matrix localization)
- Alternatives to LU-decomposition

o Graphical Display
- S-parameters, Y-parameters, etc.
- Electric field, current densities, magnetic field, etc.
- User-defined

‘ mptw6 192 ptp
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Microwave Packaging Technology Workshop

MW/MMW Package Design - Modeling and Simulation
Sponsored by
Wright Patterson Airforce Base
Georgia Institut of Technology - June 18, 1992

Achim Hill

Ph: (201) 881 1200

Fax: (201) 881 8361
E-Mail: Achim@resq.fidonet.org
Compact Software inc. 1

CAD Needs for MW/MMW Package Designl

@ Modeling
O Interconnects - chip, module and array level
O Transitions - MS -SL - MS, CPW - MS, WG - MS, Coax- MS
O Ground bounce
O Housing
@ Package Design Advisor (PDA)
O Package material fit
O Design-manufacturing trade-offs

O Packaging inﬂuencé at design level

@ Database support
\0 Concurrent electromechanical design tools /

Compact Software Inc. 2
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/

N

\

CAD Support Areasl

Modeling [« = Advising

Database

\_

r

Modeling |

e Circuit/nodal and system simulators
e Measurement/Parameter extraction techniques
e Electromagnetic simulators
O 2D, 2.5D, 3D
e Mechanical simulators
O thermal and structural parameters
e Support modules

QO package specific applications

Compact Software Inc. -/

Compact Software Inc. -/3

4
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Measurement/Parameter Extraction Techniquesl

@® Chip-level package theoretical modeling is difficult and not

well understood

@ Hardware which facilitates package measurement and

calibration techniques widely used with VNAs

@ Incorporation of data into existing simulation programs
provides ability to describe device and package behavior

Compact Software Inc.

/

5

/

Chip-Level Package Modell

Inirimsic MESFET

t

t

7

{ I

20 i R i
e IDI Cer "'G) L Rsd % ! -

t |

| |

! t

Vgr Teew T

4
i
1

Csh Casp Vdt

Compact Software Inc.

\

/

6
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Chip-Level Package Characterization - Procedurel

On Waver
Characterization
->Equivaient Circuit

!

Packaged Device
Characterization
S-parameter measurement

)

Identification of parasitic
package parameters
Optimization

!

\ {Da(a base enuﬂ

Compact Software inc. =~ 7

~

Chip-Level Package Characterization - Problems|

® Frequency limit for the validity of the model

@ Statistical variations of device performance and package
geometries

sr Make model available and accessible to the user

= Provide optimization software for package parasitics to the

user and assure compatibility of database and software
packages

\- /

Compact Software Inc. 8
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Electromagnetic Simulators - ZDI

2 D - interconnects
Module level, System level

o 2 .
r_—xvo——*wvﬁwo r—- l,w__D
) a1 | 5
e wez
G e (S0
RO JR KRR — 2 A
:‘ le— xva —qu L—--)'Q«AQ(-)!MIAJ(—J ‘wase f)(— 4
| SAt SA2 SA2 !
e ‘ C
T e xve | sc J )
H1 ’ 1
o l
- A —

Compact Software Inc.

/9

(

Electromagnetic Simulator 2 1/2 D

212D}

2 1/2 D - High density spots, chip level

Compact Software Inc.

/

\

10
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e D

Electromagnetic Simulator - SDl

3D - Connectors, Transitions, Housing effects
Chip level, module level , system level

Z

O

K Compact Software Inc. /

1

e D

Support Modules'

e Package specific simulation tools

O Circuit model for vias through multiple substrate
layers

O ldentification of package resonance modes
O Ground bounce:
Chip level: Lumped circuit model

Module, System Level: 2D EM and circuit techniques

Compact Software Inc. )

12
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Support Module - Example_1 I

® Hybrid EM/Circuit technique

Lz |
ALl Ag2
AL AR
Ve
T A YT T l 2s l
1
P )Rwuw“muca
7 A A2
7 AT . [AZI A,
1
t Vs 4, Z
- ,/,,/,,,/;;?%/[/ Z o [ -
t .. i Ay A
K‘ Ax1 A2
s A,
L YR ]
| s

(a} &)

Compact Software Inc. /

13
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Electromagnetic Simulationl

e Accurate resuits
O Long runtimes

> Generate Structure Library for common
geometries such as transitions and
interconnects

Electrical characteristics of typically encountered
interconnect/package structures are computed only if they
cannot be located in the Structure Library. Once computed,
the parameters can optionally be entered into the library
and will be available for subsequent fast simulations. The
implementation of interpolation schemes makes real time

optimization possible. /

Compact Software Inc. 14
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eom.struc

StrucLib

- A70 -

Structure Libraryl

Circuit Description

)

<e—— check&make

put&get

'

EM_Engine

~—=Cmodel.struc >

'

Design file

l

Framework

—

Compact Software Inc.

~

Structure Library - Examplel

Coupled Lines

N1 N
N2 N5
N3 N6

4 —_—

.Model name STRUC
+ H1=0.635, EPS1=9.8,
+ WA=0.6,0.6,0.6, SA=0.4,0.4

EM - Engine

/

\

Model parameter:
(Mu), (Zv), (Tv)

Compact Software Inc.

/

16
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Modeling - Summaryl

@ Accurate fullwave electromagnetic modeling of complex
circuits consisting of passive and active components together
with the consideration of the influence of all package effects is
currently not feasible within acceptable time frames.

@ A combination of circuit simulation, electromagnetic
simulation and system simulation which are used
independently to model the entity consisting of circuits and
package should be utilized at the current stage of
developments.

\ Compact Software Inc. -/

17

- A

+ measurement MOde“ng - SummarV 20 EM
+ extraction ' + Circuit Sim.

Housing
3DEM,25DEM

System
System Simulator

Module

Circuit Simulator
— T

Chip
Circuit Simulator

EM Simulator
~ \.‘_—___'/

k Compact Software Inc. /

18
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/

Database

L2

\

PROPERTIES  PROCESS SWITCHES EXPERIENCE REQUIREMENT
mechanical statistdata hierarchy measurem. packages
electrical standard security document. geometries
optical compatibility cooling
geometry manuf. data size, weight
symbol cost perform.

:

Inter-relationship:
@ Material-Process

@ Cost-Benefit

\_

@ Design-Manufacturing

Compact Software Inc.

/

Package Design Advisorl

/

\_

Compact Software Inc.

Design Support Critical Tests
-identify package influence / - performance
at design stage requirements
- cross talk problems -mismatched
termination
Database Support Modules | Control
Requirement | Performance| Compat.| ...

/

19

20
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Package Design Advisor - Examplel

@ Effect of interconnect (or transitions,...) is integral part
of the design

il
i

NN
i

® Use of standard tools RO

® Module, system level

ool
\_ -

Compact Software Inc.

21

a B

CAD Environment with PDA I

A—’@

I-— Document. 1

ppA | CAD Design Framework CAD Mahutacturing Framework

DRC

alartrical

mechanical process cantrol

@ Can electrical, mechanical and manufacturing environment
be integrated within a framework?

Compact Software Inc.

22
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CAD Environment - Designl

Package Specific Data base

Support Modules

Documentation

N _

CAD Design Framework | Package Design Advisor

Circuit/Nodal / \

Simulators

-

Simulators

Parameter Extraction

Electromagnetic

Simulators System
Simulator

Compact Software Inc. /

23
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\

Summaryl

@ Modeling of package specific transitions, interconnects and

grounding are modeled primarily using existing programs.
Additional modeling/electromagnetic development is required
to analyze certain transitions. Programs must be easily
accessible and must be integrated in design environment.

A database which captures electromechanical, optical,
process, standard, compatibility and experience information
should be developed. This database can be used as bases for
a Package Design Advisor, process-design trade-off analysis,
benefit-cost analysis.

The package design environment is embedded in a CAD
framework. Mechanical and electrical tools should be
integrated within one framework.

Compact Software Inc.

/

24
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Advanced Technology
- A75 - '\

AGENDA
PACKAGING MANUFACTURING TECHNOLOGY

@ DEVELOPMENT OF HIGH VOLUMEMULTIPLE PRODUCT MULTICHIP MODULE
PACKAGING CAPABILITY
@ MANUFACTURING TECHNOLOGY IMPROVEMENTS
() MODULE
(O SUB-ARRAY
O ARRAY
MICROWAVE VERSUS MILLIMETER WAVE REQUIREMENTS

PACKAGING EVALUATION AND CHARACTERIZATION

N J

1116/08/17 90U SIGEW M/ TI COMPETITION SENSITIVE Defense Systems & Electronics Group

% Advanced Technology \

PACKAGING MANUFACTURING TECHNOLOGY

» STRONG MANUFACTURING TECHNOLOGY BASE ESTABLISHED FOR ACTIVE APERTURE
X-BAND MODULE PRODUCTION THROUGH:

L MANTECH FOR T/R MODULES - WR & DC
® MIMIC - DARPA

RiP MODULE PERFORMANCE, COST, RELIABILITY THROUGHPUT CAPABILITY
DEMONSTRATED USING INDUSTRY STANDARD CHIP AND WIRE TECHNOLOGY AND
COMPOSITE PACKAGE WITH PLANAR RAF/DC FEED-THROUGHS.

ROBUST DESIGN AND MANUFACTURING CAPABILITIES ESTABLISHED
EXCELLENT THERMAL MANAGEMENT

PROVEN RELIABILITY AND COST

HIGHLY AUTOMATED

INDUSTRY STANDARD

APPROACH BROADLY APPLICABLE THROUGH 20 GHz

-

_/

1111081 1RUSGEW S/ e

TI COMPETITION SENSITIVE Defanse Systems & Electronics Group
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Ady d Technology

PACKAGING MANUFACTURING TECHNOLOGY

PERFORMANCE DRIVEN REQUIREMENTS REQUIRING IMPROVED MULTICHIP MODULE
PACKAGING CAPABILITY.

® BROADBAND ACTIVE APERTURE SYSTEMS

0 INCREASED FREQUENCY AND DECRFEAGED MODULE TO MODULE SPACING
REQUIRES LOW COST, HIGH PERFORMANCE MULTILAYER RF/DC DISTRIBUTION
NETWORK CAPABILITY.

O INCREASED EMPHASIS ON LIGHT-WEIGHT PACKAGING

O IMPROVED MODULE TEST CONNECTION PROBES AND PROCEDURES

® CONFORMAL ARRAY ACTIVE APERTURE SYSTEMS
¢ THIN SKIN REQUIREMENTS REQUIRE 3-D RF/DC PACKAGING APPROACH
O AFFORDABILITY {S KEY ISSUE
o LIGHTWEIGHT AND STRUCTURAL INTEGRITY REQUIRED AS WELL

_/

11081 SUSIGEW.IBIMD TI COMPETITION SENSITIVE Defanse Systems 3 Elecironics Group

s

2)

3)

&

IMPROVED ELECTRICAL MODELING AND SIMULATION CAPABILITIES.

STATISTICAL AND ROBUST DESIGN METHODOLOGIES

SYSTEM LEVEL ANALYSIS AND APPROACH
- INTEGRATED SYSTEM ANALYSIS AND APPROACH FROM CHIP DESIGN TO ARRAY DESIGN

Advanced Technology

MANUFACTURING TECHNOLOGY ISSUES _\
AND PROPOSED SOLUTIONS

TO ACHIEVE INCREASED PACKAGING DENSITIES AND HIGHER PERFORMANCE FOR

MULTILAYER PACKAGING STRUCTURES, IMPROVED EM SIMULATION, DESIGN GUIDELINES
AND DESIGN RULE CHECKING CAPABILITIES. EM SIMULATION TO ADDRESS IMPROVED

ISOLATION AND VSWR FOR HIGH DENSITY THREE DIMENSIONAL PACKAGING STRUCTURES
AND HIGH DENSITY MIXED MICROWAVE/DIGITAL PACKAGING STRUCTURES.

IMPROVED MODELING TOOLS FOR COPLANAR WAVEGUIDE AND STRIPLINE STRUCTURES

APPLICATION OF DESIGN AND STATISTICAL PROCESS CONTROL METHODOLCGIES TO
ACHIEVE HIGH PERFORMANCE, LOW COST ANC FIRST PASS DESIGN SUCCESS THROUGH
DEVELOPMENT AND APPLICATION OF STATISTICAL DESIGN AND ROBUST DESIGN
TECHNIQUES, SUCH AS: DESIGN OF EXPERIMENTS AND RESPONSE SURFACE DESIGN
APPLIED TO ELECTRICAL, MECHANICAL AND FABRICATION, AND ASSEMBLY PROCESSES.

IN CONJUNCTION WITH FOCUSED TECHNOLOGY EFFORTS. (

J

1112001 79U3REW I

TI AAMBETITIAL CEMCITIIE Defanse Systams & Electronics Group
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MANUFACTURING TECHNOLOGY ISSUES N\
AND PROPOSED SOLUTIONS

(CONT.)
4) HIGH DENSITY PACKAGING CONCEPTS

- THREE DIMENSIONAL, FULLY ISOLATED, LOW LOSS RF/DC PACKAGING STRUCTURES
CAPABLE OF HIGH INTERCONNECT DENSITIES AND HIGH POWER DISSIPATING
CAPABILITIES AND APPLICABLE TO CONFORMAL ARRAYS.

- HIGHER FREQUENCY AND LARGE ARRAYS REQUIRE INCREASED DENSITY AND
IMPROVED DISPERSION AND LOSS ACHIEVABLE THROUGH FIBER OPTIC
INTERCONNECTS

- ISSUES INCLUDE FIRST, SECOND AND THIRD LEVEL OPTICAL iNTERCONNECT
TECHNOLOGIES

- IMPROVED COOUING CAPABILITIES FOR BOTH SILICON AND GaAS COMPONENTS-
MULTICHANNEL COOLING, THINNED DEVICES, INTEGRAL HEAT SINKS

5) IMPROVED PROPERTIES, CHARACTERIZATION, CONTROL AND UNDERSTANDING OF THE
INTERRELATIONSHIP BETWEEN AND AMONG RAW MATERIALS AND THE PACKAGE
STRUCTURE

METAL CONDUCTORS

IMPROVE MATERIALS-AG, CU FOR LOWER LOSS
IMPROVED EDGE CONTROL-SHAPE AND POROSITY FOR LOWER LOSS
ESPECIALLY LOW TEMPERATURE COFIRED CERAMIC

CERAMICS
L m%migm CONDUCTIVITY MATCHED GaAS AND SILICON SUBSTRATE J
TRt TI COMPETITION SENSITIVE  D¢fense Systems & Eloctronice Group
” Advanced Technology
MANUFACTURING TECHNOLOGY ISSUES \
AND PROPOSED SOLUTIONS
(CONT.)
INORGANIC COATING

LOW TEMPERATURE, POLYMER FiLM COMPATIBLE MATERIALS TO PROVIDE
MOISTURE PROTECTION AND ELIMINATE NEED FOR SEPARATE HERMETIC HOUSINGAID

POLYMER FILMS
TAILORABLE COEFFICIENT OF THERMAL EXPANSION (CTE)
LOWER DIELECTRIC CONSTANTS
TAILORABLE DIELECTRIC CONSTANTS
PHOTO DEFINABLE POLYMIDE WITH SLOPED EDGES

ADHESIVES
TAILORABLE CTE
ADJUSTABLE CURE TEMPERATURES
TAILORABLE DIELECTRIC CONSTANTS

SOLDER
TAILORABLE CTE
FLUXLESS, LEAD FREE MATERIALS

IMPROVED PACKAGES/SUBSTRATE MATERIALS
HIGHER THERMAL CONDUCTIVITY
PRECISION MOLDING CAPABILITY

K TAILORABLEMATCHED CTE J

11128081 T AUSGEW S TI COMPETITION SENSITIVE Datenss Systema & Electronics Group
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% MANUFACTURING TECHNOLOGY ISSUES

AND PROPOSED SOLUTIONS
(CONT.)

6) HIGHER CHIP FUNCTIONAL DENSITY

SYNERGISTIC PACKAGING/CHIP DEVELOPMENT APPROACH

MIXED DIGITAL/MICROWAVE-HBT TECHNOLOGY

TTL/CMOS CONTROL CIRCUITS FOR GaAS MICROWAVE
MONOLITHIC INTEGRATED CIRCUITS

LOW NOISE AMPLIFIERS, POWER AMPLIFIERS,

MIXERS AND SWITCHES

COUPLERS, BIAS NETWORKS, MULTILAYER STRUCTURES

HIGH SPEED FULLY FUNCTIONAL TESTING OF DIGITAL, ANALOG AND MICRCWAVE
COMPONENTS

INEXPENSIVE, HIGH FREQUENCY LARGE AREA HIGH SPEED PROBES

HIGH SPEED INTELLIGENT PROCESSING

HIGH SPEED FULLY AUTOMATIC, FABRICATION AND ASSEMBLY EQUIPMENT AND
PROCESSES CAPABLE OF PRECISION PLACEMENT ACCURACIES WIiTH ADAPTIVE
CONTROL THROUGH INTELLIGENT PROCESSING CAPABILITIES

DEVELOPMENT OF AN INTEGRATED DESIGN, ASSEMBLY AND TEST DATA BASE
FOR ANALYSIS, SIMULATION AND PRODUCT/PROCESS IMPROVEMENT.

_J

a's

[EL]

1112C/08/17 92 S/GEMB/TD

INTEGRATED DATA BASE

S ESTABLISH APPROPRIATE HARDWARE AND SOFTWARE LINKS BETWEEN EXISITNG

CAE/CAD SYSTEMS TO REDUCE DESIGN TO BUILD CYCLE TIME

O ESTABLISH APPROPRIATE HARDWARE AND SOFTWARE LINKS BETWEEN

MANUFACTURING INFORMATION SYSTEMS AND EQUIPMENT SENSORS FOR SPC
DATA COLLECTION.

'S IMPLEMENT NEW DATA ANALYSIS SOFTWARE TO SUPPORT:

SPC, WHERE DATA IS INCORPORATED IN A REAL-TIME FEEDBACK LOOP FOR
EITHER MACHINE ADJUSTMENT OR TO FLAG OUT-OF-SPEC CONDITIONS.

- DATA ANALYSIS, WHERE DATA ARE ANALYZED AFTER THE FACT TO DISCERN
CORRELATIONS AMONG INPUT PARTS AND MATERIALS, OPERATING CONDITIONS,
AND THE PERFORMANCE AND COST OF END-ITEM MODULES.

TI COMPETITION SENSITIVE  D*/n#e Systems & Electronica Group

Advanced Technology _\

_/
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INTEGRATED DATA BASE
(CONT.)

- SYSTEM SIMULATION, WHERE PERFORMANCE PREDICTIONS AT THE MODULE
LEVEL AND AT THE HIGHER SYSTEM LEVEL ARE MADE AND COMPARED TO
MEASURELC PERFORMANCE

- MACHINE SETUP OR OPERATOR INSTRUCTIONS, TO SIMPLIFY THE START-UP
ACTIVITIES FOR AUTOMATED ASSEMBLY OPERATIONS BY PROVIDING NEEDED
DATA ON PARTS AND MATERIALS

- QUALIFICATIONS, FOR RELIABILITY ASSURANCE AND TO PROVIDE AN ARCHIVAL
RECORD FROM WHICH TO ANALYZE FIELD FAILURES

- COST MODELING, TO ALLOW REAL-TIME COST DATA TO BE USED TO OPTIMIZE
ASSEMBLY LINE LOADING AND TO SUPPORT FORWARD PROJECTIONS OF COST
iN HIGH-VOLUME PRODUCTION

11 1JA/08/ 1T S 2/ GEWJBI D Uelense Systems & Elecironics Group

TI COMPETITION SENSITIVE
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MANUFACTURING TECHNOLOGY ARRAY
AND SUB-ARRAY NEEDS

% ARRAY AND SUB-ARRAY FABRICATION, ASSEMBLY AND TEST ISSUES REQUIRING
MANUFACTURINC TECHNOLOGY IMPROVEMENT OF MATERIALS, PROCESSES

AND EQUIPMENT.
® AUTOMATED ASSEMBLY OF T/R MODULES INTO ARRAY/SUB-ARRAY

O 'ODULE INTERCONNECTION AND ATTACHMENT

® AUTOMATED FABRICATION AND TEST OF DC AND RF MULTILAYER CIRCUITS
®  AUTOMATED FABRICATION AND ASSEMBLY OF ANTENNA ELEMENTS INTO
FACEPLATES

AUTOMATED FABRICATICN OF LIQUID COCLED COLDPLATES

AUTOMATED TRANSFER OF 3-D DESIGN MODELS TG FABRICATION SHOPS

® ELIMINATION OF CFC's AND LEAD BASED SOLDER

- /

1114/08/1 702 SGEW B0 Delense Systems & tlecironics Group
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@ CCNFORMAL ARRAY AND SMART/THIN SKIN REQUIREMENTS

O

G

O

O

AND MEET WAVELENGTH DRIVEN MODULE TO MODULE SPACING REQUIREMENTS

STRUCTURAL INTEGRITY AND LIGHTWEIGHT MUST BE MAINTAINED ACROSS ARRAY

Advanced Technoiogy _\

PACKAGING MANUFACTURING TECHNOLOGY

AFFORDABILITY IS KEY ISSUE
THREE DIMENSIONAL PACKAGING CONCEPTS ESSENTIAL TO ACHIEVE THIN SKIN

PACKAGING CONCEPT MUST ELIMINATE SYSTEMATIC ERRORS ASSOCIATED WITH
MODULE/SUB-ARRAY MISALIGNMENT

_/

11506/ 1 THUSAIE M B mh
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Lelsnse Eyshms & kiectronics Group

REQUIREMENTS OF MICROWAVE VERSUS MILLIMETER WAVE

PACKAGING MANUFACTURING TECHNOLOGY

Advanced Technology .\

INDUCTIVE AND CAPACITIVE PARASITIC S "AUST BE REDUCED WITH INCREASING
FREQUENCY

SHORT RF BOND LENGTH, RIBBON OR MESH
HIGHER PLACEMENT ACCURACIES AND LINEWIDTH CONTROL

&)

<>

WAVEGUIDE TO MICROSTRIP OR WAVEGUIDE TO COPLANAR CONNECTIONS/
TRANSITIONS TYPICALLY REQUIRED FOR RF VO

CONTROLLING THE INCREASING TRANSMISSION LINE LOSS WITH FREQUENCY
REQUIRES MORE PRECISE CONTROL OF LINEWIDTH EDGE GEOMETRY AT

MILLIMETER FREQUENCIES AND DECREASED SURFACE ROUGHNESS OF SUBSTRATE.

GREATER COUPLING WITH INCREASING FREQUENCIES DUE TO DECREASED
CIRCUIT AND PACKAGE DIMENSIONS REQUIRES IMPROVED ISOLATION CONTROL

_J

311 SA/0RY T RBAGE M s
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PACKAGING MANUFACTURING TECHNOLOGY

% REQUIREMENTS OF MICROWAVE VERSUS MILLIMETER WAVE - (CONT )

® CLOSER GRID SPACING WITH INCREASING FREQUENCY FOR PHASED ARRAY
APPLICATIONS PUTS INCREASING DEMANDS ON HIGH DENSITY PACKAGING
CONCEPTS.

¢ OVERHEAD FUNCTIONS SUCH AS PACKAGE SIDEWALLS BECOME
MAJOR ISSUE AT MILLIMETER WAVE FREQUENCIES

°® BOTH MICROWAVE AND MILLIMETER WAVE APPLICATIONS REQUIRE MODULE
MANUFACTURING TECHNOLOGY IMPROVEMENTS DESCRIBED PREVIOUSLY.

\- _/

11156001 TRZ/S/GEM JB/MD TI COMPETITION SENSITIVE Datonse Systems & Electronice Group

% Advanced Technology _\

PACKAGING MANUFACTURING TECHNOLOGY

” IMPROVEMENTS NEEDED TO EVALUATE AND CHARACTERIZE PACKAGE MATERIALS,
SUBSTRATES AND HOUSINGS FOR MULTICHIP MODULES

® STANDARDIZED TEST STRUCTURES AND TEST METHODS
¢ DEFINITION OF REQUIREMENTS VERSUS APPLICATION
O IDENTIFICATION AND DEVELOPMENT OF TEST METHODS
G DEVELOPMENT OF TEST STRUCTURES
@ IMPROVED 3-D MODELING CAPABILITY FOR ELECTRICAL AND MECHANICAL
ANALYSIS

® IMPROVED AND VALIDATED COST MODELING TOOLS

\- J

V111001 TR AGEM Jve TI COMPETITION SENSITIVE Detense Systemns & Electronics Group
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MULTICHIP PACKAGING FOR
MICROWAVE COMPONENT APPLICATIONS.

- A82 -

Mil-Standard and Commercial Approaches.

QObjectives:

1. To describe differences and common aspects
of the two approaches.

2. To provide insight into the evolution of the microwave
package in response to downward cost pressures.

3. To explore the QML concept for microwave
packages and components.

4. To provide ideas for leveraged package
development for low-cost microwave packaging.

John R. Tyler
June 18, 1992,

— () AVANTEK

1.

2.

MANUFACTURING

MULTICHIP MICROWAVE PACKAGING; AN OUTLINE

fAil Standard vs. Commercial:

Requirements of the Microwave Package.
Avantek Case Studies.
Standards and Standardization.

QML Issues,

Leveraged Microwave Package R&D.

MANUFACTORING
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—— () AVANTEK

REQUIREMENTS OF THE MICROWAVE PACKAGE.

e THE ELECTRICAL INTERFACE.

THERMAL STABILITY.

THE MECHANICAL INTERFACE.

ENVIRONMENTAL PROTECTION.

*DFX—®DTC.

HOW DO THESE CLASSICAL REQUIREMENTS DIFFER
IN MIL-STANDARD AND COMMERCIAL PRODUCTS?

MANUFACTURING /

r-—' Q AVANTEK

ELECTRICAL PACKAGE REQUIREMENTS

Mil-Standard

* 0.1 - 0.2 dB insertion loss @ 10 GHz,
VSWR = 1.2:1 typical.

Coax-to-microstrip transitions.

Microstrip-stripline-microstrip in ceramic.
Commercial

* 1 dB insertion loss, 1.5:1 VSWR acceptable.
« CPW, Microstrip surface-mount configurations.

* Advantages: Lighter, cheaper, high-volume.

MANUFACTURING
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THERMAL REQUIREMENT

Mil-Standard

+ Greater opérating and storage temperature
range (ambient).
-e.g., -55 to 950C typ. operating range.

* More GaAs-dpmore stringent package
thermal requirements.

Commercial
* Higher package stresses due to materials.

o Lower-cost package elements can be
thermally insulative (eg, soft-boards).

Advantages: Low fabrication costs.

MANUFACTURING s

— (Q AVANTEK ™

MECHANICAL PACKAGE REQUIREMENTS.
Mil-Standard

e Custom or semi-custom installation (outline).

*100% mechanical screening.

Commercial

e MCMs: Some standard footprints emerging by market.

» FCPs: Surface Mount, standard SOT, SOIC packages
per EIA, ElAJ, JEDEC.

- Advantages: Open Tooling, Automated assembly,
mechanical qualification by package.

MANUFACTURING
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ENVIRONMENTAL PROTECTION

Mil-Standard
e« Seal per 883, Method 1014.

* Finish: Noble metal or solderability per M-38510.

Commercial

* Product qualification to high capability (Cpk>1.33).
* Process qualification to high capability (Cpk>1.33).
* Open-package (cavity) qualification at supplier.

* Advantages: Higher product quality at lower cost.

MANUFACTURING

—— (Q AVANTEK
DESIGN-TO-COST
Mil-Standard

* Parts count reduction (MANTECH).

¢ GaAs cost reduction (MIMIC).

L

Custom designs -  low non-recurring investment.
Commercial

. Typical $50K - 100K non-recurring tooling
- low unit price (in volume).
Eg, stampings, castings, moldings.

* Standardization of package outlines.

L ]

Advantages: Open tooling, volume manufacturing.

MANUPACTURING
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MILITARY—»COMMERCIAL

m /o _z=m g

ke
S .

PLANAR-PAK SMT W/CARRIER| SMT GULL-WING LEADLESS

TO

COMPONENT
TYPE:

AMP

AGC

vT0

DET

MIX

ATT

Lim-

SWT

MANUFACTURING
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* PP-25 Case
Drawings

26 .25 PLAMARPAK™ SURFACE MOUNTED COMPONENTS
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TCE (ppm/oC)
30
200
20

LINEAR

600
44A
9H

65D

MANUFACTURING cereommtamamms’
MANUFACTURING

DISSIPATION HARDNESS
0.019
0.001
0.0036
0.01$§

FACTOR@IMHZ

2.8
2.2
4.7

DIELECTRIC
2.2

CONSTANT

POLYMERIC ENCAPSULANTS

MATERIAL
DESCRIPTION

ABLEBOND

933-1.5

DOW CORNING
Q1-4939

CHIPCOAT 2157
SUMITOMO BAKEL(T
NOVOLAK COMPOUN

— Q AVANTEK
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— Q) ANANTEK
Air Encapsulated
Input R. L. 13.1 10.8
Gain 12.6 11.5
Noise Figure 0.98 1.13
\ DRNUFACTURING

T s

Ceramic & Glass - Metal Packages

Commercial/lndustrial Grade
PKG Codes 18, 35, 36, 72, 76

Surface Mount
Gold plated Kovar leads
Glass-Metal

Surface Moumt
Tin plated Kovar Leads
18 = Al203 ceramic
S 35 '¢" “TQ-72" Metal Can
30 _
76

Gold plated Kovar leads

TXV, B and C Level Screening

sgniductor Trainingyj;
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QAVANTEK
COMPARISON OF THE TWO TECHNOLOGIES
PACKAGE #18 PACKAGE#28
OXIDE METAL BONDING COFIRED ALUMINA BONDING
MECHANICAL INTEGRITY DEPENDS ON: MECHANICAL INTEGRITY DEPENDS ON:
*WETTING CONTACT ANGLE *MONOLITHIC STRUCTURE OF CERAMIC LAYERS
*TCE MATCHING
*STRESS PROPAGATION PROPERTIES OF GLASS
STRUCTURE

*CORROSION PROPERTIES OF KOVAR
CERAMIC PACKAGE BECTION VIEW

GLASS PACKAGE SECTION VIEW

‘NII‘ .Illﬂl

VI -

.180 MAX SQUARE I
1

1
180 MAX SQUARE
‘ 1 .400 MAX
.400 MAX I
i |
Is® 10/36/00 review:d.gof ADYANCED BIPOLAR PRODUCTS =5¢~
— Q AVANTEK

COMMERCIAL PACKAGE STANDARDS

« JEDEC STANDAAD No. 26 General Specification...”
No. 26-A
No. 22-B "Test Methods ..."
JEP No. 95-1 “Registered and Standard Outlines..."

JC11.5-91 Standards Committee.

. EIAJ «———» EiA

ISO 8000 Europe, Japan, Korea, Taiwan.

MANUFACTURING
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Plastic Packages

Commercial/Consumer
PKG Codes 04,05,08,11,84,85,86

"SOT-143"

”Hn

05
04 i 86
Surface Mount “§0-8"
84 Tin plated copper leads Surface Mount
Tin plated Kovar leads
Tin plated copper leads
~ (O AVANTEK
Reliability Qualitication For Plastic Package
Test
Stress Test Me;‘zds Test Conditlon LTPD Duration
JEDEC STD .
Operating Life Test 228 grgg‘clsmperamm 5 2000 hours
M-A108
High Temperature | JEDECSTD } o 0 tem
perature
Revarse Bias® 228 . 5 1000 hours
M-at08 | @150°C
High Temperature JEDaEzCBSTD Amblsnt temperalure 5 1000 hours
Storage M-A103 @ 150°*C no blas
JEDEC STD
Temperature from
Thermal Shock 228 _aE" 7 100 cycles
M-A106 65*C ta 150°C
JEDEC STD
Temperatura Cycling 228 T:sn.lge;:lu‘r;o:gm 10 1000 cycles
M-A104
JEDEC STD . .
Temperature & 228 85 C/Sﬁ%. Rolative 0 1000 hours
Humidity M-A101 Humidity

JEDEC STD 2 ATM saturated steam
Autoclave 228 +121°C and 100% 10 86 hours
i M-A102 Rolative Humidity

*Applicable only to Silicon Bipolar Products. Appendix 8

L MANUFACTURING seeommmsem?
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QML SUPPLIER REQUIREMENTS

= Standard differentiation of processes
by component or package type.

Assured capability (Cpk) of each process.
= Product qualification, package qualification.
= Circuit topology and layout can be custom.

* Significant component cost-reduction
to system-level contractors.

MANUFACTURING
—— @ AVANTEK
QML PROCESS CAPABILITY
QUESTION: WHAT IS THE CUSTOMER'S REQUIREMENT?

WHAT IS THE PRODUCT REQUIREMENT?

QML SPECIFICATION: DETERMINE MINIMUM PROCESS CAPABILITIES
REQUIRED BY PACKAGE OR PRODUCT.

QUALIFY PRODUCT AND SHIP VOLUME.

MANUFACTURING
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QML PROCESS CAPABILITY

883, METHOD 2011: DESTRUCTIVE BOND PULL IS THE BEST METHOD
TO DETERMINE PROCESS CAPABILITY OF WIRE-
BONDING. SPECIFICATION LIMITS ARE NOT SCALED
TO AVERAGE BOND STRENGTHS BY WIRE DIAMETER
OR BONDING PROCESS.

METHOD 2019: THERE IS NO CORRELATION BETWEEN DIE SHEAR
STRENGTH AND ELECTRICAL RESISTIVITY
FOR AuSi EUTECTIC OR EPOXY DIE ATTACH.
DIE SHEAR TESTING IS NOT SUFFICIENT FOR
HIGH DIE ATTACH PROCESS CAPABILITY.

METHOD 2017: FILLET REQUIREMENTS ARE NOT SUFFICIENT
FOR GaAs POWER.

NEW STATISTICAL ELECTRICAL RESISTIVITY.
"KEY MEASURES:"
THERMAL RESISTANCE BY IR SCAN.
TRANSIENT THERMAL AND ELECTRICAL RESPONSES.
"Q" CIRCUIT FOR WIREBOND AND DIE ATTACH QUALITY.

RADIOGRAPH, SAM NON DESTRUCTIVE TESTS.
MANUFACTURING

~— () AVANTEK

PACKAGE DEVELOPMENT PRIORITIES

* STANDARD, LOW-COST, SURFACE-MOUNT COMPONENTS
-PACKAGE QUALIFICATION.

o STANDARDIZED PACKAGE OUTLINES— TOOLING
INVESTMENT —»PACKAGE COST REDUCTION.
-INCLUDE TEST FIXTURING AS PART OF STANDARD
PACKAGE DEVELOPMENT.

PARTS COUNT REDUCTION — INTEGRATE ADVANCED
MATERIALS WITH LOW COST MATERIALS.

Examples: Aluminum MMC —» A356 Al, Cast.
Ceramic-Metal Composites —»Al, Cu.
Polymer-Polymer Composites -»Epoxy Resins, Molded.

USE EXPENSIVE MATERIALS ONLY ALONG THE CRITICAL PATH.
-ELECTRICAL, THERMAL, MECHANICAL.
FAVOR LESS DEGREES OF FREEDOM IN FABRICATION.

MANUFACTURING
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PACKAGE DEVELOPMENT PRIORITIES

GaAs FLIP CHIP BONDING - CPW TRANSMISSION LINES.

* POLYMERIC ENCAPSULANTS.

LOW-COST CERAMIC INTERCONNECT STRUCTURES.

ORGANIC MATERIALS FOR PACKAGING, INTERCONNECT
AND BONDING.

MANUFACTURING

— (Q AVANTEK

LEVERAGED MICROWAVE PACKAGE R&D

e SHAREHOLDERS (INDUSTRY) TO DRIVE EXISTING CONSORTIA
IN MICROWAVE PACKAGE R&D.

-UNIQUE REQUIREMENTS —»UNIQUE PROGRAM.
¢ GOVERNMENT/INDUSTRY TEAMS TO DEFINE R&D OBJECTIVES.
o STANDARDIZED QPL COST ROADMAP:5 - 10 FORM FACTORS BY '93.

* FUNDING THROUGH CONSORTIA TO KEEP PACKAGING OTEN,
STANDARD AND NON PROPRIETARY.

MANUFACTURING
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maccn Packaging: Commercial vs. Military

QUTLINE

* Packaging Objectives

+ Baseline Packaging
- Military
- Commercial
- Conclusions

¢« Recent Trends in Packaging
* Possibilities for the Future

» Recommendations

Rick Perko
June 18, 1992

MACA Packaging Objectives

. MILITARY
- Reliability (MTBF & Shelf Life)
- Moderate Cost (Low - Medium Volume)
- High Perfomance (Thermal & RF Characteristics)
- Size {Highly Integrated)

. COMMERCIAL
- Low Cost {(High Volume)
- Quality (Uniform Performance)
- Standardized Interface




MOACA Baseline Technolagies / Military

¢ Hermetic Metal Enclosures

- Coax Glass-fired Feedthroughs
- Welded Covers

o Ceramic Packages
- Co-fired "Planar” Feedthroughs
- Covers Welded, Soldered or Glass Sealed

MACCH Metal Package
Cost $50.00 - $200.00
) L °
(3 © @© Ml 0
/ERTETION —
< il
o © ,@ B)
° ° D a2 W16
0l o ° e e
:@ o } % o
© 380 "
o s i)
O = e}
Extremely Adaptable Advances
- Material Choices for: i - Matrix Metals
Weight ] - Powdered Metallurgy
Thermal Conductivity i
TCE !
- Complex Partitioning for Isolation |
- Excellent RF Performance J
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macen Baseline Technologies / Commercial

Plastic Injection Molded
- 3 GHz Frequency Limit
- Non-Hermetic

Plastic Premolded
- Non-Hermetic
- Performance Limits Undefined
- Applies to Chip on Board

Mini-Ceramic
- Hermetic
- Higher Performance / Cost

Discrete on PCB
- Depends on Cheap Labor
- Integration Potential Limited

MACEM Injection Molded Package
Dice Wafer
. Die Attach
< $0.25
Unit Cost (‘Korea) Wire Bond $

Injection Mold

14 I
[ 3
[—ye ) )
Four Bit Attenuator
3GHz Limit

Technical Advances: Low Inductance Lead-frame Design.
Multiple Die / Package.




- A97 -~

MACCA Premolded Package

Circuit Size .8"X.8" Cost < $1.00

248 —mond i
——k.

Useful for Chip-on-Board Assembilies.
Non-hermetic.
No Microwave Optimized Standard Packages.

MAaCem Mini-Ceramic Package

Cost: $1.25
Package Size: .250" X .215" X .050"
Circuit Size: .120" X .120"

o XXX

RN

GPS Low Noise Amplifier

Hermetic / Surface Mount
Limited to Smaller Circuits
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Baseline Technologies / Conclusions

Plastic Commercial Packaging Does Not Meet
Hermeticity or Performance Requirements of
Many Military Applications.

Ceramic Packages Can be Cost Effective for
Small Circuits but is Expensive for Larger High
Performance Assemblies.

Current Trends

Reliability Without Hermeticity
- Better Focus on Actual Failure Mechanisms

- Surface Passivation Options

Lower Cost Hermetic Enclosures

- Integrated Package / Circuit Functions
LTCC
Wafer Level Protection

- Powdered Metallurgy

Acceptance of Plastic?
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mMAaCM Plastic

Unreliable of U iated?

+ Injection Molding Technology is Evolving Rapidly

- Compounds, Fillers & Methods Have Improved
Dramatically in the Past 5 Years.

-  Reduced Moisture Intrusion
- Improved RF & Thermal Performance

+ Premolided Technology Also Holds Promise
- High Strength Crystalline Material
- Integrated Heatsinks
- Metal Coatings

- Complex Forms

THE COMPLEX WORLD OF PLASTICS REQUIRES
CONTINUOUS EVALUATION TO DETERMINE
THE IMPACT OF RECENT ADVANCES

mhacem Microwave MCMs
Intermediate Motherboards {e.g. GMIC}
versus
Integrated Packaging (e.g. LTCC)
MCM Integrated Package
Strengths Strengths
Partition for Yield Control Reduced Parts Count
Partition for Performance includes Package
Increased Flexibility Liabilities
Liabilities Premium on Known Good Die
Requires Final Package Integ. Medium Dictated by

Increased Parts Count Package Needs
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Possibilities

Hermetic MCMs
+ Glass / Silicon (GMIC) Integration Medium
- Wafer Level Protection

- High Performance Potential
- Compatible with Flip Chip & Thermal Pedestals

Plastic Enclosures
¢ Premolded Plastic Enclosures
Integrated Heatsinks
- High Strength Crystalline Plastics

- Complex Structures (Muiltiple Chambers)
Metallized for EMI

Recommendations

RWoH Programs
- Microwave Applicability
- Failure Mode Analysis
- How to Qualify New Technologies

Plastic Technologies Programs
- Reliability Issues
- High Frequency Transition Methods
- Thermnal Management
- EMI Control

Don't Bet on a Single Solution
- A Broad Spectrum of Requirements Will Require

Flexible Solutions.

Technology Access
- Second Tier Suppliers are Critical for Broad Leverage.




Microwave Packaging Tegzhnology Workshop
18-19 June 1992

Military vs. Commercial Packages
Multilayer Ceramic Package Technology

Michael Flanders
Coors Electronic Package Company

'“Commercial VS. Military“}

o Packaging has traditionally been down the supplier food
"~ chain; not as affected by "peripheral" requirements

* Increasing complexity/capability of packaging, plus
- recent Govt. focus brings opportunities/responsibilities

¢ Focusing only on technical requirements will no longer
suffice; must address non-technical aspects when quoting

* Many package manufacturers will need some "education"
as Primes or co-Primes
N\ J

@oors Electronic Package CompanD
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SIGNAL DELAY

1970

M cHIP
[ PACKAGE

1990

{MLC Te

chnol

ogies: MATERIAL

|
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Material

Applications

Advantages

Disadvantages

Aluminum Nliride
(AIN})

Low Temp. Cofired
Ceramic (LTCC)

Alumina 99.5%

Alumina 92%

- High Performance Packages
~ High Power Appilcations
- Large Chip Packaging

- Migh Performance Packages

- Microwave Applications

- Thin Fiim Interconnects

- Microwave Applications

- Low & Intermediate

Performance Packages

- 0.1% Shrinkage Control
(hot-pressed)

- High-conductivity metals
- Low K formulations
- Adjustable TCE

- Excelient Suriace Finish

- Low Loss

- Low Cost
- High Strength
- Mature Technology

- NO metailized cavities

{hot-pressed)

- Poor heat dissipation

- No colire metallization

@oors Electronic Package CompanD
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IMLC Technologi

R S

es.

PRO

CESS

Process

Advantagos / Applications

Disadvantagses

Greenline transparency

| to ceramic materials

Hot-pressing

Continuous turnace tiring

- Established technologies

- Cost Control

- Dimensional Controi

- High Voiume

- Low Cost

- no metallized cavities

(currently)

| - Material-dependent
Shrinkage Control

fl Coors Electronic Package Compan)Q

IMLC Technologies: PROCESSE

Process

Advantages / Appllcations

Disadvantages

Retire techniques

‘Programmable grid*

Via Technology

Electroless Plating

CuW Thermal Vias

- Curved Ceramic

("smart skin®")

- Low Cost
- Short Turn
- Hole Qualilty

- Design

- Lower Cost vs.
CuW heatsink

- Standard Grid

limitations

- Not approved tor some

military applications

(Coors Electronic Package CompanD




== 03d3D

2430

SBIA M/ND

- AlO4A

$1502 Suij0o0} Jamo] Y3noay) suonedydde
JADIA ul so1ureaad o} jeddde aseadduy

SHUIS JEaY AA/ND) 0 dAIBUII)[E 3SOD MO

evununje uy uonedissip [Bu1day) Saseadu]

1S0J 3UIj00] NP [[IM

juawdojaAd( BIA [CULIdN ], S100) pl3 paxy & uo usIsap PauuedINU WO

Sunjoo |, young sjqewessdorq




- «\1()3 -~

Part Type Applications
1 Feedthroughs - High-Rel replacement

for glass-to-metal seal

- Controlled impedance

; Double-sided boards / - Reduced signal delay

, thru-board interconnects - Component consolidation

(Coors Electronic Package Compana

Thin Filin

Multilayer
-~ Wir Integrated  Syryciure
Bond Cm:uns ,
T e TR TR e T S e Y
"_:\::;fl‘i)::l?s:\ Colired Ceramic
B s o eee B s R RN,
X
Thermal
(a) Interfaces
Wire Integrated
SRR
Cofired Ceramic . [¢—Iluterconnect
m Metallization
Thermati
(b) Interface

(a) Thin film multichip modules mounted un a double
sided cofired ceramic carrier. (b) Double sided

u  chip module ssing the cofired ceramic as the
interconnection.
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IMLC Technologies: PART TYpPES

__(cont,)

]

Applications

Multlchlp Modules /
Package

- Protectiop of MCM

- Base for Thin Film Customization
- Combines cost/conductiwty

Multickip Module /
Substrate

density advantage of Thin Film
Mumchlp Module /

advantages of MLC with pattern /
lmorconnoct Board

- Can combine substrate

and Package
Coors Electronio Packago Company

E_./.s&il’fgm’g Packeag
Y..:...._.B"J u c*"oﬁ

"Sel o‘eina a Ceramic
.(u:fér"te (;r .
Mu'e"d"P MOJMICS
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MLC Technologies: PART TYPES:

7 ”
Part Type Applications

Brazed packages - PGAs, leaded packages,
housings, heatsinks i

SLAM arrays - Array processing |
(by customer) :

Chip carriers - Standard outlines

Crystal / oscillator | - Clock applications |
L packages

p
{ Coors Electronic Package Compana

Areas for Investment

- )
¢ Combining different ceramics in single structure
{(e.g. LTCC on AIN, high/low-K combined)

s lower loss LTCCs
* Improved edge definition
* High-conductivity pattern metallization

* Higher conductivity internal metallization
for high-alumina substrates

+ Establishing via grid and lead pilch standards

* Economical methods for finer pitch vias
(cost-controlled tooling)

* High-frequency testing techniques

(Coors Electronic Package Compana
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Low k material

Thermal Conductivity-
(W/m deg C)

Aluminun Nitride 2

Copper/Tungsten

Alumina f% 20.3
Kovar;:__—z_‘ 18.4
LTCCl2.3

0.0 100.0 200.0 300.0 400.0

(Coon Electronic Package Compaﬁa

500.0
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(ppm/deg C)

Thermal Expansion

<+
~

©
©

6.5

macyg
=Le,
>E®BO
3352¥%

<P

[

®

Q.

a

)

O

GaAs

Molybdenum

Aluminum NitrideFreFe——————— -14.7

45

MullitetVF"r—=——— ——— 345

Tungsten
Silicon Carbide}

8.0

6.0

4.0

2.0

0.0

@oors Electronic Package CompanD
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Planned Activities for 1993

1993 MTT-S Workshop on Low Cost Packaging

Special lssue of ths MTT Transactions on Packaging - 1993/1994

1993 MTT-S Packaging Session at the MTT-$ Symposium

Recommendations

Cengral Source of Information Needed:
Broad Industry Access without Proprietary Considerations is Necessary

Materiais Properties

Modeis

Sources of Packages, Paris, Matenals, ...
Standards

Design Rules

Slinﬂﬂdﬁ and S‘anda[d"zan‘nn.

Standards are a Necessary Precondition to Standardization whichisa
Presequisite to Cost Reduction

Standards are Needed in:
Test
Modeling and Design
Magufacturing
Enviroumental Requirements
Ruggedness

- Standards Activities Need to Proceed More Quickly

Need Consistent Effort for Vendors and Users to Develop and
Adopt Standards

Packaging Design Rules:

Vendors Function Primarily as "Machine Shops” and have No Microwave
Design or Test Capability

Design Rule Compilations are Needed to Remove Barriers to Entry for
Particular Packages and Ultimately Reduce Costs

’ Training in Microwave Package Design is a Necessity
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AUTOMATIC RF TECHNIQUES GROUP

Call For Papers

The Automatic RF Techniques Group will hold their 40th Conference in Orlando, Florida, De-
cember 3 and 4, 1992. The Conference theme is:

Measurement and Design of Packages and
interconnects

As microwave and digiwl desigas increase in complexity 2ad speed, while they decrease in size,
the difficulty of realizing packages and interconnects is becoming a choke-poing in design and
measurerment. The increased difficulty leads 1o Iack of accurate data, which, it wrn, ¢an lead ©0
catastrophic design costs and lead-time. Papers sre invited which ideotify problems and/or solu-
tions in this area. Potenual wpics inctude (and ase not limited to) measurement of large, high
speed, Righ frequency systems; analysis of such systems; rouble-shooting or validsting fabricated
systems (both during manufacture and during design); and application of microwave techniques
to Aigh speed digital systerns. In addition, papers conceming all other areas of microwave mea-
surement and desigy are welcome.

Techaical presentations shall be informal twenty-five minute talks using vicwgraphs or 35-mm
slide jHustrations. Authors are requested 1o submit 2 one-page absract and a 500 to 1000 word
summary with attachnients containing illustratons, ewc., providing sufficient technical consent so
ensble proper . saluation and explaining the contributions's usefulness to the conference attend-
¢es, Please refer 10 “ARFTG Instructions to Authors™ for further information. All accepted papers
will be published in the post-conference digest. Twa copies of the absoract and summary should
be sent 1o Bert Bereon, Technical Program Chainman, and should be received o Jater than Octo-
bex 5, 1992, Papers received on ot before September 7, 1992, will be considered for early accep-
tnce and pre-conference publicity. Manafacturers intexesied in exhibising at the conference
should contact the Exhibit Chairman for information and an spplication and agreement form.

Submit papers to: For Exhibit Appiications or fur-
ther information contact the con-
Mr. Bert Berson i ference chairman:
Berson and Associates
) ~655-Cosma-Sraet-Suite 3. Mr. James C. Rautio
‘ffS’ Cesmvo Mountain View, CA 94041 Sonnet Software, Inc.

57, Suate 2 #L(415968-2101 135 Old Cove Road, Suice 203
. Liverpool, NY 13090-3746
(315)453-3096
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The mawenals data in this secuon was taken from data sheets and other hierature from vendors.
including published arucles. Arucle reterences are idenufied by 2 code in brackets. for exampie
{NOV91], the corresponding reterences are also compiled near the end of this Handbeok.

Most numerical values are from tables. but some were obained from graphs. Where necessary.
numerical values have been converted to the standard units used in this Handbook, usually Si
("metric”); vendors' onginal values are shown n braces { }. For expianauons and conversien
factors for units refer to Units & Conversions at the end of this Handbook (page ™). Daa given
for room emperature, 25°C or 30°C arc combined on the same row in the tbles,

The data included here are usually the most recent and best avaslable. and i many cases (as
tndicaied) have been reviewed by the vendor. However. cauton 1s warranted n using this daa,
Usually. values represent typical chasactensucs rather than specuticauon himits. Vanaoiiy 1 the
values is seldom indicated. and irequenty data values do not agree even among a single vendor's
literature. {n most cases. the values must be regarded as typical values, because of lot-to-lot
variaions. If a property is critical, evaluation of the particular material lot. or agreement on
specification limits with the manufacturer, may be wamanted.

tC.

Non not ferr

% &

Data for the tollowing matenals are included wn this secuon:

Genenc Names

Brand Names

Alloys

Fe-Ni 42% to 50% Ni

Fe-Ni-Co ASTM F.15

Kavar®. Sealvar®

fMetal Matrix Microcomposites

Ag/Invar® Sivar ¥
AYSH CMSH A-40
AUSIC , DWAL 20™: SiC40 MCM. SIC50 MCM. SICS5 MCM:;
. PRIMEX™: MCX-622™, MCX-€693™, NX-201™, NX-
§221™ NX-5251™, EFX-100™, EPX-200™
CwALO, , GlidCop® AL-15
Mo/Cu ~ AMC 7525, AMC 8020, AMC 851S;
| Thermicon®: 70M, 65M;
| CMSH: CM-10, CM-1S. CM-20
W/Cu : Tharmkon®: 83, 76, €8, 62:
CMSH: W-10, W-15, W-20
Laminates/Clad Materials
CuMc/Cy ' CMC13, CMC20
Ma/graphite/Mo ! MGM
NVMo, NvMao/Ni -
Cearamics
Alumna, Al,0, o

Aluminum ndride. AN




deodd 3un 3 ayy punaue VOSURGED [RULBY JO 918s Byl w BUEYD © B 350y 6Dane onaubew o) eng i)

HdOROS $10 LoISUEdId jeunay) puw Aynpnpuo? [Runay (2} pescasd onBIsos 0 {2}
822 3 HLSY Pouisw 1s2) uosuedxs jeuseyy {1 pajeavuy {1}
: ; i [t4} c: ZLoh; [EV: a2 )] T {2l pa.div * | i |
; -6, P Byggrs i w ;
050 ¢ 050 Jeay apoeds | mx 0995 _ By s _ 8y g | 8y ¢ ssoupieH
uoonv - o020 - fel oo :c“_ww:‘:,, 312 R A R “ T “ T u:Ev.muo
. [ S - ' i { t | sseuppis mpoeds
i : 28 s oeccw mm I ) P 8y o8 fan ] o i
[ R - - Tt T Ty : ")) 12} SO
| 8601 | uoech mw . i w oz} i el i hat, ed4o
! - H P ! H
i H 2004 | ol oaoom mw | : . W ' ' Auised
. . - ’ . e a ovl | 0384 § [ . 10 STYNPOW
POAIHBES | ! ; . i RS SR . -k e
6L 6. ; 898 2P 8 | D006 - DE/SZ { ‘ ! .
. : -, - - i %4 SE-IE 1€ 2 oF | cc_.a?o_u
POUIH IS E ' ; [ S SRS S SN PRy
SE6 i 162" 8Ll 0q08% - 0EI52Z {s2} {sz-2zl {or} {ve} | {or) | .ﬁn
: ; £r s Oooov sz 0Lt 041-0S4 082 oc2 o6z | ibuasis piotA
| ! i 2408 - sz, G| leosl | leewel | le8 joat | {sx)
: g X . | edN
. . . L8 re 24008 - 52 ! oz 0ur-Giv 0LY-OPY <95 055 | uibuans epsuey
! ; Fi g v L oooom sz
. . I R ; e 01 W97, ti}.5v.
; 1 __ o mzxs._. o .:_uhi ‘ Uoco_u mu | omudixe IN-@d %05 H‘rotu ,Mom IN-04 %2y | Guyweg ssen) | UosUedx Mo _M,.ow.m‘
| ! i Ds5T . |wuneyL m Jsus LN Yooy iowedie) HapueA
j ) oemmvl T oeszn | T T wiod Bueny
) w K% i St EIILEYN g
N8 h iN-o3 Guiess uorsuedxy
< N mu %05 .\.om i (33515 X Mo jeusieny
= R [ SN R U SO
— (2t}
< jeusteunynyy ! yodteusiey wwadier 0puep
! 0¢-d WISV 2
-uomsodwos repuns © qum gy, Aquauuad ydiy sagddas aspe savade (1}
‘possaxd awison oH (1] ‘safexord pauiysew “seseq adoyaed “sausma % saducy
Buieas WIPPa3) LTI J0 SSE(T tyomIC ATASqNS PUT diyd JOINPUOINNIS 13N :suontanddy
Ausyap | pa.dIH M ] . 6 . .
7 IO %96 SQo¥oc8 ! 4o . cuspaanuey Atwy
vo gl uwssdore ﬁ o8 Fay | el Asvagy uo1suEdxd [TULId PIYMCW/PIOAUL)D ud
_ B U VUL P SV
i Tilpadimz| _ i | 5 oze ‘s3apmod W Jo Aodwonnony
, . _ J ! c_nw-l&wmlx, BUIPIOY  (PUSITWHIRY 3§ YDABWITY SIUDW3(R IMIW om1 Jo SAufly admwadm)y caddg
) i wozo an "
i wnunxew | %020 1l [ siuenyisuoa
j %40 S %ST om_w «mm«o 1S N ..oampe (uosuedwod Joj papniouL $1
- Xeuw %GLQ 1S, paisius se 0% 0 UKy %050 UN i it . ’ : .
| xew w100 D] Xew %00 D ©%500> D %S00 D Ay viep 'ssoursng Ul 1a3U0 O ST 30pUdA 1Y) FuIpjo TURTWOINY
PO RN R
| 015005 N1| O2r01Y N 009y IN SO 7F00GKIN ueneandio) yaarrwsed
%05 IN ! (05-) | (85-) {£s-} (bs=) | % wbiom
douriEq.ej;  swweq a4 ooumeq ag eq o3 16984 | uoR 2 uopeaodie) AFojouynay aauadie) ISIIPUIA
{hitd) buspiow |
uoldetus | podiew 7] 9344 se5)
13pwod | (iia) buiptous uoooki 1opmog | Burkoqs pawow wnnomn Aredhy | ensaude 9., Bueag ssei) Jawadie) pue [1] ,5p,, vojsuedxg mo] sajuadie)) SIMIUTAUCY putig
| ¢, S¥.
IN-®4 %06 | IN-84 %05 N9 %2y Bureas ssmn  uosuedxy mo feudlepy IN %06°7t ‘sKkoJf@ IN-3J uondudsap/aweTy duaudn
| jeuaewnny | yoereuuey 1owsdiery T sopusp

TESTN[RITIN v 0 IN-34 pus IN-34 :sdoyy




- AlLlS

LRO1O 13958 TIPP - BUIDiojy ruacwniniy
parpun NGNS T S I0puaA YIAINTUUE,]  JOpUdA £Q PImdau UG ety oep teaio
S0y S JOPUaL PATPUN PUT ¢yjy PATP TN TIP3 JUPUIN BAUALT ) IO saMUNGg

IO T

QUPISIS AT BDISHITOD PAIFPISUDD JOU I, 9t Juieag ssT|D puT Gy, uoisuedsg mo 1auade)

FUIpaM WTIS DUTISIS A PIATIS 2q WTD ispopaw p s[EUATW Fuifeas 12A09 M

‘sanpazord Supreda s192Us BICH S JOPUIA 338 ‘guneas
ssTjd 13911p 30) GERNS ST OF, Buieag-sSTD uade]y spoyisw % sadA) uphejmsul QP4

rvAIND N Bunnid
‘(31ge{reat sapesd je1dads) Jquisod (Furgmaoioyd)

Fuipu feawayn Juuron ‘Fuidurms ‘uimesp doap "Sulunoy uaudde) “Juipuud pue Smddey
“Fuspjuop “Junoq Jurusm “Fuideys “Buppiw suoneaxdo Fuinyatw prepuns (usunog o SusuyaTyy

! ysiuij

SWH ZE-91 ystuy eoepns PO asepng
swe;b pospuny jo #jdnod | wbue ]

8 o dn wes6 | 0 uey Ss8) wosy wbiem | Yiptm

PSR S

‘giqepear §) abuR: 1apim B 'S10npoid piepueEls o {eoidA) ere pue PNpoud vo puadap uanb s3ns

Y

100} 01 ~ je8ys
4102 SNONLMIWOS (duig wibue

100 ) ~ JexdAy YoM

198} B1 01 23 01 dn LueYy0
{102 SNONUINOD SupL

1eey gt 01 g = 01 dn
wepz~otdn
L -01dn | 0010~ 01,0100 - (exdhy SSauNL

198ys pue (#iqeyieny —
Aptenb yoje-oloyd ‘Bunsos
pue ‘Bundwies “Bumeip

erenbs 10 JejleWeIp
L4 O} 1w 0100

s1eqKq 1o (puncl 10 s1Enbs

“1einBueioni) seq 'por ‘SiA sojg -deap Buipnjouy) duig h W0
,5p, SUees SSHH pue Sy, uosuRdcy MO jeuatep
wwedin) OpUBA

“PRIFIA0 20 OH Pid) PABOD €0 SENP Onel ‘ssheby

921 vg vonmmes ‘esnely Z'p 19 oA 1 eep oneubiew iN-0d %05 Gupoyy (SUeIBWNN {1}
1 oinieedwe ]
Qp0EP = Qo02F = euny
Tsovi %
AuAnonpuod
62VE it e 1811093
||||||||||| T T T T et
ApNiSISas
09-05 14 o 9 1y @ S5 jeouoRs3
9t 5P
IN-84 %0% IN0d %05 | IN-8d %2y | Duyees serip uoisuedy3 MO fenaepy
{4] revssreunyny tyoeeutey isuedie) Jopudp

{5 F ¥ 1006 WOK) YW GO > | SsauRL

ssausnquisebuoyon | edeusjeusesuedeys joN | sunog

IN-24 %05 N-93 feuaieny

T museunn " WooleuLIe 10pusp
4 -

‘onsuftwotsay uoppnpun)y ALY




- Allé

‘einleIsdilel Wool 10} BlEp HY
D4 U OF 10) 3,666 PABALUR ‘Suios j0 UNDIRD O) BlRsed PRSI Cuis uonduzsep ususdeds (€]

saana Gueyos ainfeedwas pue Buivapuey YoM J0) §130ys Blep $J0puBa @05 [2]

p2is uiesh § 60 aF WLSY 01 pajeauue vonduasap uawdeds [(]

.200 0 F8 Uty) 98 ueae Ausciod ou ‘esuep Aynj st leuaery 1)

. ) cwob

&'t 658 28 Arsueq

R T xew e T
100 0 ‘oW 1000 ¥y %

S0 00 {00 Yy Sjuansuod

0620 IS S0 Ny S00 1S Joutui

xew 20 1§ OC0 ‘U | 1000 1L 1000 By Aauundus

xew 100 D W00 Q| 100042 10092 Areunsd
Teosteo | ooiioo|  Teosmien| 77T

00'te N 0062 ‘IN 00 i€ N », wbem

(rS=) ecueieq ‘o4 (pS~} woueieq 04 (rs=) 92uereq 04 uottisodwo]

{Nig) uoipeduos (|01 ‘Abinjeew poyiaw

Buipiow uotivelur 1epmod | Buikole peyews wnndep epmod wybnasp uolBILgE
OO IN-04 §i-4 ®I9A0y {i) y19nweg Lol
yoeIeuLeg sepedier Newwy T lopusp

By o | 8489  HdO AM 091-0SI | ssouprey

m h o ﬁ m\nw.lo.naw

! o1 Z51 sseupns ooady
» e e e 4o o U RO S - PP ———

H fo2t : {81} {rsdn}

_ | °d

: 8CI 21, Auitsele jo sninpoy

: ; e

ot : SE-0€ uoiiebuojg

! {os}) . 19542 %2 0 {05} (s}

! ! odN

SPE (129 iod piota

(se) fee} {ren}

edit

FAL- 505 Yibuauns sysus |

00-1N-84 §i-d te] gueaoy {2l{1] o renre0g reuareny
yosieusEy T wedmy  wewmwy i " iopusp

'safexord pautyorw ‘soseq 2deyord “saowro

% soduryy “Fuigeas nppaa) sseid yoene Aensqns pue diygd JoNPULILIS wanQg suopeonddy

"IquIEss ajwessa pur sseid tuotsurdxa [LULAY) PAYNCW/ANRIOAVND [SIMTIY Amwuy

S esdw 2y jo Aofiy adA

S1-d4 WISV ‘uonuesndio) yaseuirey

1 SSTLD “DHIOCT-I-TIA '8L-§1-4 JALLSY 0I9r6X SNN

(@macy Iwrek

puriq)

voneiodio)  A3ojouyrsy

sauadre)

1 SSBLD ‘DT10CT-1-TINW "8L-S1-3 WLSV '019t6X SNN

w1 TAITRS WOU puvsq) Al $190p0id [TIdpy Aiciasds “yaeury

ISIOPUIA

@IBAOY “, IBAIBIS SINILTASWEY puTIg

Loje 03-IN-34 §1-4 WISV :uondudsapsaurey aususny




D0Sh - 0C 1040550101 §
U PUB D 00F - OF 40 0Z G 01 09 ¥ Unjitm 31D 104 UOHRINIBTS (£8) BL-Gi-3 WLSY 01 sunojuon  [u)

i 0,5¢y xoidde
‘wiod eung ey punose uosuedss _cE.n.: 0 ajgs wt eburyd € © Wiyl 'SI0aRe meubew o ong  [g)

822-3 W1SV © POyisw! 158) 1IN0y | Ui 8n1e1adiuia) Woos o] PBjood
PuB ‘U G110} D560 18 PUE QY] | 10} D006 12 H Ut PeY |duIes 40} BjEp UOSUEdXe [BUey |

2]

‘donost ese uorsuedxe {euNay) pue AYNPNPUOd eudy | €]

utwirg),§ Buipasoxa 1ou ejel € e D002
©) 0,006 W} PIOOD pue oy | 10) D006 1€ H Ut pIjeauls eydwes Jo; elep uosuedxo eussy) (2]

1]

‘vorsuRdxa [RUUBY} PUE APMIDNPUOD (FULISY) UO E1EP (SUOIDPR IO} IOYS BB §,i0pUdA Bag

AUMISTS 1 JEQMIZAIE U0 BIRD [PUOHPPE JO] J8OYS BIEP K 10pUSA 0ag (2] st 0} 590 0%94*
B A T T S e e e e 67e>
@PA0M jO Sen10d0id onBUBRL UO SHRIOP A0} 190S BiBp Sjopusa sos (1) 00 b . T ﬂx— _lo|v wlvlo lllllllllllll . .01on | oot x\mo\w
; Dt - {s0s 0} vv0 050, iwey Mpoeds
S P 2 tmedueond BCTN Zi | o omse T
| 201 - aogr T T T e e e m e e m e e o 2 ~
- o e % e m vmu%mJ ie ol Z01 | 0,008 onnmjw
i . ] N e e e — s e e e e e e =
: . : . BRI ol h we 1'6 | 0,002 - OE/52
. I 98 ' T Bt ety n ket el hadais el
= ; : LB o tus3-7 i 082 9L | 36009 ommu,“
! Nh i e — ey v~ AU A S et it I
= o Co - L Aymisisas f sio 09 | 5,005 - 0E/5Z |
! & £5% . DoS2/H 1e2upa3 T el T T T T T T e T T T T T T T lel s | Dg0s - Pl
P ocomedsi e Dl ey T2l yieeas e i - S R T TR NI
waewreg | sewedes | weewy 7 epanl 0 fmeemeeems e = R - +u‘omw,n e (ol
Il o' -
lllllllllll b e e I|\l!l!1|!t{lll|ll1.*
V'S € | DG00E - 0E/52
1] mauSewonsy oanpueyy taddy 000 |rmemmeem e e kaolt IS [ 900F - 052 Hig O
............ L2 | o000z - wm\mu.. uorsuedxe
SHUETIN % JEauinag g : 98¢ 29| 06001 - oe/52 Jewnay)
] fostl vz oeooﬁv R
[ ORI T ,klilu%m!hlv!mmw»_ 111111 Wowwv..k Eo Nc.E
{e91} see | 0,00€ | arnigl
llllllllllllll L o e e e e e e e e v e o e o v ne =
o W {zsi) 642 g 0,002 Suim
USROS ORI RPN -
R VU S ‘._.wvc, £z _ B8 fymnpuod
cL ,_ 0052 feussay).
T ]ro,mo;m«..ﬁ ‘xoidde | mo‘ow,mm xoidde | T wod Buispy
; lalivlie) lelizil)
OD+IN-0d G- " @eno)y wpisaees (esaien
omewseg | 1swedien Noiawy _ jopuap
FRUEYIFWOWISYY % (Fa03qL D
» -
hd T _ » | 4




- AllS8

PATHUN "1IYS TIEP $, J0PUIA siqerear st 0bues 19pw B §10Npoxd piepues 0 jendA; es@ puw Pnposd uo puadep vasb sazg

WDITRLT,] U3 Al PIMDIADL U3 STY TIND Tin6] PATP 133 TP 5 I0pUs ey 190; 91 01 21 01 dn 1egia | _ 1001 01 ~ 169yE
JOPUIY A PAIWIANAU UG SeY NITH QRO IO T QIrp § JOPUdN NNIWY  TEp JU SUN0g HO3 SPONUILIOD SMA _ 19601 01 @ = 0L 0N ¢ #o2 snonuuod duig yibuan
ORI SURERPSE T G EHIEES S
| 199 2 =0} dn | 1004 | = tendA W
O | mmeedn  weimedh

21enbs J0 Jnawep | ; 004 0 ¢
oL O1I23WEP 0100 A=odn = 01,0100 = jexdAt | esoUNIYY
RO SSIPRIIP SSRGS S Ao | e e e e & e s o .

{ ; 193ys puw (eigmmEAe ;

| i Awenb yase-ojoyd Butuod |

JUTISISA) UOISOLIDD PAIPISULD JOU ¥ @IRAGY sloy1q 20 (punos 10 esenbs ' puw ‘Buidwms ‘Burmerp |
‘Ienbuejosi) 18q 'POI ‘BHM [P Goap buipnious) dulg | w0y
@UEAONH ,. [wusien
T Gewedses - T ropuan

soampawnd Suipmdas 1300 TIPS INDUIA 295 SPuYidth P $IEAT YOUTRIs IGIp3, i YDUIOIONL 0| -Ge PIEDUTIS
L2mpaw . RS UL S spey » R H 1{ipadg | “dn (ywoions 2.10] -
0)} ‘PRPIRds se Ys, X aceun

Fuplow Wro 37urIsias G O[T 3¢ T spuipaun F sruarar Juneas 124017 e W | dount wol A T PO | 89%kng
w § pquel
sarnpanasd Fupe@as 9123ys viep s I0puaa 3 Fuyen i pasnba; sy . fss8uiRly
GWHE 1P Inp JQEHNS AR GUEANY PUT | SEAIRIS ISpoqiaw 9 s3dKi uonueeisu uypadg e e T T T T T T oy snonuiuog | wibuan)
" ) sweib paipuny jo aidnod & AR o

an w oldn !
aieyd Aipeas aq ues  JTAITaS 7 @IEA0Y MY/IN) N Buneid _ Focrwebioumimawoymbem| 0 wmEiodn . wew
(SUOHRIIPISUDD [EILIOUCID 10f) YU G 0 > YO 090 0 O YU 200 O | SSAUNDNY[
‘Furdwers 1 Swpund Busmon T TT T edeys fau swausedeys N ST T T T T  ganos tdug sunoy

gy isaprad fuymanogd [Pnads ur AQIraT s) @maoy) Aqissod (3uiymamoyd) uijpw

peuay s Suwes Fuidwen Jupmnap dasp Fuiunny -, TAESS ¥ @ieaoy Surpuud pur Audde OD-IN-®4 §1-34 ] ] :,W\._mom .n_.z._mi
“Fusup Auung Funsn ‘Burdeys “Burpw isuonriade Fuwyorw parpunig Burusoy o Juiutygoey YRy - ) _ﬂ - T weswy J0puaA




- AllS

1 NOISHIA « DNIDYYIVE DN AINYAQY B HOOHGHYH

NORE 811 0 AQ 1DIWE YN G O $SID SIS) Y10Q 0§ uaidets
Answuojed dop pownaut 1sag |2l

LD WLSY ARNSTID USel 1950 DOYIAW 1S3 ( (31

Wb

el 1d @ v o teay xpoadg

0,081 O o0 B81are
Aig Ot
uoIsUBdLe _..E.w:.r

x :_:S

ity ® 0ts APADDRUOY jBUNGY |

:,:!.09.:0- o8N '_JQ—C_uCOu E:E.:E

?:2 HOuE) Bussesod

D,5E€6 m:::v n::.:ua:._o_ SIQEMOYE WHILLIXEYY
O‘oowm, - T ed ocﬂw?
aJEARS leuaieyy
[EHNUEYISWOUDIGL 9 PUag]
8y 09-55

' §saupiey
i m\nEV«aU
52| nwv::zm ooadg
! sl ego
(851} 04y k_u_.mm_w 10 sninpoyy
_ "
0z co:mmco_w

- u - - - —.
{ (o) eai
8: 08y % yibuans piais
| sy} eap
€2} oo wbuans epsua |
adeMIS ,v 1euBRR

ERINETER T

eissod suoisodwod seio (1]

....Eo\o
e ApsueQ
T T T T T T s o W | uRnyRuSa Jouny
LEY _ meunoun Aeuiig
ST TwiaoE By T T s swnion
oTUBING @IRAY uons oo

s6uods @iwau; Pl & ORY _
paissyyul 9 By tABInjeIaw 19pMOg | PorBIL VOHBNGR 4
OIS { reusien

‘gadeyoed pauiydti vaTQ 28ryord

‘saopeasds yeay sasuse saduryg ‘yoTUL NTAYGNS puE diya J01onPUON WIS 131G suoneddy

*AHANINPUOD JEULAY) 431y yum uoisucdxd [P

PIYINTWMA O] (SAUNIEIY Lruiy

UOISIALG STUARA [ENTIV|LIG “SWIWLISY] ST IOPUIA

W JEANIS (SHBUTAUITY puTlg

~nsod oI XPW-{TIoW @leuyBY wondumsapauiey AN

sa1150dwod0101 1y XUIBEY [ERIR




- Al20 -

JOpUIA AQ PIMINAIL UG STY VONTULNIU LOPUIA Wl A[LIP BICP [rUOHIppT
b1 QWA Y1 PALP Y VKA S Tiep Aruianiad s Jopuds  tiep jo s3unug

e o 11

WINIRUOY @ICAU} JO UBORFPIXO 1038314 1 PIPUIWWNDAL S1 JFWITG UOBRGHUD IN © UOINOle )

1192711) UIWBITA

‘ITAOY
vl 3GrpEIw 33T api aan padustis o paugaew ATy spoaw B situanw Juiess 13403y

sreiq 1 g Bunn 3 6 ™ ) N 1T pazeiq Apsey Juizeag
Funrid jarreg a0 3o0s AQ Ny "3y n) N Y paicid Apsty Suneg
PaAN

sy 3 ur) aigssed ar Juiiog pue Sunegsrw Fuidwes Suimesg Buspuud pur Juiddo
Funup Auueq “Fuiwny Judeys Bupw cuoncsado Junysew prrpung  Jutusog 10 utuiyoegy

Youuonu g | Sty exeung

- i - yiuey
wowws g |

£q .,z Aq ¥ 51 yuvg Burieis seouxIY(

T ued peqmun orn pewgomyy | sumod
m MG ! ey

. SOV %

iy ® 0t ApAnInpUOD [BX00)3
TTTTTTI T T T T
14088 ApNISISO) (#2913

w 19APS ' reueen

snaufrwoasdy odapun ) adl

FISUTEN ¥ o913 4




- Al21}

© (um gL X € % € uewioedd) 69-822 3 WISY 300 uOBLETAS
jouneyl (w2 AG 1010Wwep ury O uelN2eds) Poyiou: yREy| Jete AQ peansesu AgaldnpUOD jRuiel | €]

SOV % AHOLL ssoupseH
12 ARNIDNPUOY (¥OLI1] [ - : e s
O - . el e e e - [ ¥ 12}
wa-rm oot Apduser 1o snmpopy
ﬁl\ ‘8 ApAnsiSes (@21129(3 e T
) , edW
orv , Feudien os2 wiuess eysual
pruixg ou UOHEIID,
‘ansufrw-uou olonpun)) adh) posserd 104 40 P2 pou il
lelorv jeusien

ST 6

{ww 61 % £ ¥ € uewndeds) $8-822 3 WLSY +0d uowurdxe wunay) (g} AL s
fww 2 Aa w5 ) POUIBR UERY; 1 AQ PeIMER eI ARMDAPUOS ey, (2] ebmers wri 01-4 18 ome el
waf
198ys @1ep & 0pLan ) J83: D,00F O 9,02 #6UDs 9Y) 1910 NIBD ABAONPUOD Jesey) 104 1) [1}eo0 3852 bmncoo
™ or 1S % Wibiom
e80! 189y MHpdeds 09 2V uonrsodwon
T T T .vMW.v..wmoov TR Bursseid 104 4G BUIPRAIXE 10y “ADinpeiaw Jepmod POINI UORENIQE S
e “an 5008 1 | fel obv reusieyy
I A e |
[} ; - NWig.04
e B 0002 x:.“_; vorsusixe
128 SEL, D001 - {H [swiay )
act 04001 - 12} surm
e e e — e e e * AYAONPUOD % [TLN
j: 74 oL
U ¢ - 082 ) founeuL tay Jo *safexord pounyocit “$¥TY sdoyoed "saonsed op saBuryy) SINMN samod-yduy 1papadu sy
. (w91 Loys) bussesoid AiAnanpuas unayl POOF AIYM YITUT NTNSQAS PUT dIYI IMINPUODIWIS 1I3AQ ssuoneaddy
D065 - Buunp amiesacud) wney T
T T T T T pgtis T emimiechise) yuiod Gumeny ANISU3P-MO'] “KIIAROAPUOD [PULIFY) YB1Y WM UOISUEAXD EULAY) PAONPIY ST Airuitig
ssaxd
pa °oH papnux3 powgeUr uoleXIq84 -gnsodworoisiy adA}
orv feuareyy
auf VS [3 OU129(F OWONWING  IPUIA

O~V HHSIND SInAUTA/WEL puLig

o._nx_E.coEo_E XUIoUL GAY -UONdUISIR/IUTY 2D




- Al22

“J0PUIA
AqQ PIMAADL UIN STY TIED PATRUR PUE (661 PACP SIS EITH SIOPUSA TITH 0 3n0g

TGO H

TV ST 2WEs Y1 S1 WL

10 [RUOWU0IIAUT D)

-Juisnoy sy o1 pasapjos st Juw [eis sepuns
€ J pappam aq Aot piy 0)-IN-24 J0 IN-24 T Buneid IN sae paspios aq Lewl i 30 "y ssed
anresadiuan-mo] Juisn Apaanp paess 34 ACW PRy op-V UT :SPOLpaW R sjeuaew Fulieas 13400/

D MHES Mojaq 3 wnw umesadwdn Buneyd 1y sayn aqissed :Juuaplog

*($52J0NNI3

0 0n333) Iy Kg pamapo) unt gp-gop ‘NCoURE SSAONI2 ‘uZ eid CONH ynm wanayg
0 :SyAN VAN UN Buntyd

‘WMOPIONS MO[s ® £q pamofjuy Jauy |
10} DS 1 BulEIuTe AQ paAd[Ar 2G LD 21 SSINS [ENPISII IATY UNSINNS Ag aprw $33x1d 10N

‘Bulungarw Suipsedss s1aays TIEP § J0puda 395 :Juyuun) so Sunnyaey

UONORP LOISTUIXS B4) O [eYRISd LIS [V UR Ul PISEIUS 81 OPY PapRAXe eON (2]

“JOPUSA 1IV0D "SjqeHRAR GJ8 Sazis o0 (1]

o wwon U 0T | W 052 yibuey

i W 08 ‘0L ‘SE e

o s o5t | mpamp e g8 2 o T o R | oL
pesta.d 0y ‘punoy L poy | wig SuL04 1

12lis] ov-v jeuapy




~ Al23

| i | ) N g/
oE ! 00€ | onw ot S62 Airsueq
e gy | ooueeq v | ewewq ay | eueed 1y | eoumeday | % ewnios
0L '8 | [ TAle 1] w €9 018 09~ OIS 09~ DS uoisoduny
voneIgyus (ejeus ssejeinssasd (ABINIW 10PMOG | PONIaW uOHEMNQRY
! {1} ] (Lel| fuemn)  wegp - :
oi ! 2t | 6 8 01 seauyBnol Smpeiy WIOXN | ,IZ85KN|  wE68XON | MISZEXNT 1028 XN reueiuN
i B R A ..m\q.&“a.m niX3INIBG epaue] HOPUSA
o8 £9 8L €L ] SSouE Mpdeds
T T vl T T T s loszl] (sw) wgp ‘uonenep prepueis 1)
592 061 1+ 022 00Z | Apnsers 10 SDIDPON
UG TSN SR S I "y
220 [241] L TR AT Y ot 6z 6z zmncoo
oo T T een i T T T e v | R — P
psueIRIeyD
oot 00t o1z Wibue s |enxe4
. ) e nme SRS U AU SRR PP €908 S iv €900 J0 1909 # IV [euaingy
[ SRR, Mw [ SR M,. — * a3 auwRg Iy eouseq ty exnweq }y % Sunjos
OAISSO 110D ! _ 1125 5508 {12705 0§ [t1z3or 015 uoHIsOduIoD
%20 ! ! s} wgw : - :
) {99) o9 ” : yibuens piarp GutBuoj 10 Bunjos ‘'vorsruixe AQ pamoyo; ‘Burssesd 1oy “ADinjeiow 1epMOd | POYIeW LOYBOUQE
- - [EPOUE S PRRORURES S I O SR e st e e
» prosh | sor) o wan oM 5015 | oM 05DS | O 0YS reusieyy
[ "z | 02’ yibuans apsuej vYMa 10pUBp
229 XOW | 1825 XN €69 XONW « HZS XN w w1025 XN % [ s310
T T T X 3niud epuey T T opuep,
| . o‘nEVo-h.U ‘adeys-1au 1o pauiyaTu SSYUIs
e e e mo f . ,1‘mm e hd FroUIpS Apecs | pue ssaprasds 103y "sstued 3 sadue( ‘saseq s3exprd 'sadeyorg nunasn somod-y3iy papasu st
{82} i is2) fo2) isn} edo Anananpuos [puusyl pood 25oym YI~1e NENSNS Pue diyd J01INPUOdIWS 1N suonediddy
06) 471} ort | Anouyseja jo sninpopy
WA 5501S Comwosos | owworols | ioen Ansuap
Mo Ananonpuos jeuwdg Y3y yus vossurdxa CuUIY PIYIIRWPI[ORUL)) SAUMTY AWy
YMa opuep
‘d “1 Swsuodwio) NU0AIF spixuT)
TSUTYosIN_ 0

oy} ‘sanjetdaadg asodwod v Q ISIOPUIA

w002-Xd3d ‘5, 001-Xd3
‘WiISTS XN “wiITTS XN 0 1078 XN ‘69X “WIT9 XD g XTWId PpixuT]
DI SIS "D 0SS "DININ 0pDIS VM ‘S3naueassaurcy putig

s2150dWOd0IIAL XLNWW JISAY UONduISIP/IUITY IV




- Al24 -

» - - -
; ! m : i SOvI %
_ { ! | | 1 Apwionpuod
,_ ; __ : i eupeg
e T et M R s SRR AT
i g { ! ! Apaisisa)
poieid uaym swes ‘sy ¢ AwxrdAy ‘paprows Sy | eompng | ! respreet
e e 1 e s i et e o g g e s oo e “- i
] 00 oien | oo w229 | 1P| wEOO| wIZZS| mi0ZS| T OWN| OWK|  OWM oo
] k HOW/,000 0 OF YUY, 100 0 ;.  /Sseuing XOR AN} XOW XN AN| 5508 - R
T eod Sa T | e A e .m M\x.o M e ﬂ&':m wXINN Spexuey 02 TYMQ YMQ HOPUIA
9% 90 M, IR0 SpInL LU8Rq M,l.n! - -
0520 91090 0 OARY GZi X6 X | KYAL N YDA ‘ansufew-you Lopnpun) adAY
BANE N 501900 X800 r— - ’
0¥0 O pIEPURIS X, 500WosUeg | .SZL0°,0800 2900 | STaON)
T 2L E I i
0 1225 XN | i
“w, FOZS XN WA {sruyipoe; H
Siepeands may | 1NOUIM JO Um) i m
Aabuepsaed spoys sbwpec : _
19usen adeys-1oN sued sdeys-ay | oo | swioy 'Y ) D007 - 1Y
002 Xd3 - 004 Xd3 | mE69XOW o, Z29-XIW . [WudIRyy ve L2 Do00€ - Lt .
T ia ey b o¢ e Rt
- N Wig 01
$9 0L 00001 - JH ' :o.nccoa..u
o oorons g1 | wwug ) 56 59 e Y i reuwsey)
You 9t 02epng - ——- ——— —— [ DU
e e b o ] 2?1 f 2,002 NUmM
Wour, 1000 | U100 O I il o s ST Asnaanpuod
py | T T T S S R oLl 0% oel 091 | 091 | DTaiy  Iused)
b e e b e ’
2 - T T G 229 XONW L mhS2S XN ...nmvxos__ wbZZEXN | o, t0Z5-XN feuajeyy
. Y G P - . . .r’.lulb B o B
0200 I SSNS DR 0SS | spunod | nX3NHY oprue] push
i R4 ‘N LOL0O DNNOPS | .1 01,0520 ¢ §90107 ! Ssaumyl
R U _— i
syed oied i } ‘J¥ £909 IO} §t 061 ‘AUNINPUOS fEUL YbIy 10} poziundo 1ou IV 1909 20} St 3-w/M o€t i)
peysiulg | SUOISNIg ([mwawdoiasan) 1eays pajioy pabiog siotg ' SUNo4
: . ! 18 @ W, 0t
YMa | reueimy 8 s01 w [§4) uvosurdxd eusay i
. 1] o6t ) HAM
wnuwmm 02 wnuL 002 H oEs ApnpPnpuod oy |
DAL SSOIS NN 05018 w O OrDes g o]
02 TYMO YMT sopuap

TESWEYSS WIS ¥ Tou0okt




- Al25 -

661 23 “ASojouyda) WNIA) pUGAH Bwnluyeg pugipy w punmO Y3y maN, STIRS VY
put ywg ] AN S M -q [06IHM] IraepuR 3wos ‘(66! PuT 6861 PaSuidos swos
*Q139ys CIEP € JOPUIA DIPIXUTT {--YIJG) 20U "K199YS TILP S JOPUIA (Y M EITD JO SN0

FE O

“Bupsar woisouod Fo)ares 88-QLS-UW 5955Td ,, TT-XIW PIxue UuBeLo)

EMWOUOIS U2 uu sty purq Jureas s
yna sddeyand Suneouge) A3a3mny HEIS3T pue oML "RUIpiam JasT] A0r 03 Yo LUETRITIL
(0T - X TP vonraugey Juunp gemapts 341 jo dot uo pauND] 3G UED (IS I 33Y) pUTq Sunas
IV Uy USMY Yim PAIPIOS uIIQ Aty spif IN-If "Funeid sicudosdde g apixur] viseq
TTIUSWNAEND UT Uo (NS S ISAY M1 SPY 30 JWIpRAy  ISpoyIduwl 3 SITLATW Bulnas a0

“GoNBWIOUE FOYLINY S0} J0PUAs 1Y “Alpigissod
3imang © 3¢ (G0 (- XdT PUC ,,, 729 X1 U0aTauqe; 241 jo wed st paresSau srigpadg (Suneid
aitudoidde ynm) Buuapios £Q PajITISUI UI3Q IATY STUYIPIIG JNWMsRd PALILA Feue|d put (131943
yum) sragipao) [rivead sseid pue Sl apixuvy spoylow sad£1 vonejeisul agipasg

“ayMmy UGMY 10 SIIPJ0S O[T U} Yitm PIIIPIOS 3 U DISAV PARId v Bunappos

‘arqessud St UOISIIAUND ANTPWOIYD J0 Fuizipouy FOTEH-O-THA S0 0y ‘£LOYT-D
13y 193U 1 US IR SAYAN HSSIAONIIIR) 1N IIMIXUE] USAN QUT AYAN PB] 1V MQ Suntyd

awdoaaap sapun s1 Junsta 9za20bs pur spqissod 1 JuBsog adeys 1u-sraN 1wy J0 32
JAmm IAINEIQE Yuim D put padwms 9q YT 1IBAYS (v AQA (rauisgadunid 10 antm) (NQT 40 Sjoot
PUOWEIp 10 3p1gIEd Jussn uop 3q U Juruiysewr pITPUTES (IAISTIQE AIA 1 ISRV Suwyaty




- Al26 -

1alewuoey Bunuesg (Ui ZOSE U3 Lid (5]
Buog urw 0§ ¥ 13 jpwep ww ¥ 9 vsundeds 88223 WISY v}

Yihuay sy buote opest

anieadiual bunnseaw pue (Huoy ury OO X JBKRLEIP W 91 ) POJ © j0 pua auo Buyeay Aq puinseapy  [¢]

anpuadwa) 1o Ybuass plad 8y Moraq 818 SI3A) ssans s buo sy (]

2iqe) Buipasaid u umoys sabuer By JO SPUI 1OMO JYI 18U 8q im standl yibuens 1)

o1
Isl t6£0 eay oipoads
ziz] o002 c

V62| og00p- sz

‘g6l 9,000 - 52 M
o | o0s-se ! vl
el e
Ll D002 52 uoisuedxe jewiayy
vie ' ogor o CT

T o 30006

see 96002

e IS
oo —_
fe} s9g 0,02 AYAIDNPUOD [eUEY L
1zl oamm:mﬂ T T T inyandie) 95 SNONUIUOD WNLIER
(1] 550604 | (Uue) wous) Buresacord Bunnp Siniwiadkiis; S{qEMONIE WNWINKERY
wonmcm o i e e
Sty @doopD | jeuaiepy

(LRI R I RNy N R T E T e |

UOHDS NP LOSIUIXE O} SIIASURY IDE) LO PIINEEIW ‘WAL § X WA 0L X UrY OL Uswidads 'gi3 WiSY [v)

QUM G2 X §ZL puUe JBIWEIR ww G 2} usundeds 'owosenin (€]
‘nbua; obeb ww 0 0§ "opwm wus §°Z1L uausdads 'g3 Wisy [2)

‘SIAIYS BIBP $ 0PURA 995 19Np0osd Uo spuadap ‘sionpord jexdh; sop senjep (]

" By zras ssoupreH

T o B/puoedo
avl A Ssauyys ooeds

e e e | e e e
te} oe1 | Aponses jo sninpopy

.\'

134 uoiebuol3

Bgn

ei9-652 yifiuans pais

edn

[z} 199-59¢ Wibua.s epsuay

1) st @doopin jenaep
ESePIN 8

G 01 UONYSS Y4

nisy vc.mvos "Jonpoid paysf uo J8ayf | uUqus3 uBbIPAL FIONPOLY [BIay WO'S 1581 U3BAXO

-mo (Fo

pouuLIaep

g s€ dn ponl & uabAxo eas), eyi} g wdd 052 AlEUIuou suiRluod Ao uabAxo-mo (2]

onpoxd paysiuy uo enbiuyodl Bwseld peionod uoionpul Aq

@ "uouBpiNo Risiut 0f Joud epmod PATILOIE JO SIEAIRUD [P oM AQ peunuseiap iy [1)
nEu\a
068 Arsue
2] e1qeneae epeib UebAxXO-Mmof =% Wubam

SIUBNHIS SO JOUNHL

%00 1esidh) O fsanundun Areunig

il co Qv %, 1Biom
1 66 ‘enveeq nY uonrsoduo]
Burusio} PO puR UOHSPHOTUBD
104 Aq pemoiio; ‘ABinjelaus JepMod poyiaus uoesqe

$i-Tv @doopuo euajeyw

(TGO R

BRI TETHITIREY

pur siqepear osie st oapei® wBhxo mo) T o@du)pHD (X0 ‘wandea e sasydsownr
Suuriuos usfosply v ansodxa umesadwar Yy Jopue stuof pazesq duumbas suoneaydde 104

“AANANPUOD [RWIAR Jopue o) Y3y yias yduans giy

0 ‘pannbas 1 (Buizeaq ‘83 nsoixa amesadwn Yy 19 Yduons yiy aoyA suonemddy

SIPANINPULY [ERUYL pur

reownadps ydiy ‘unsodxs aneiadwa-ydny woyy Jugudijos 01 aunisisa Qduans yhiy saamway

st oprad (

M NIORPOLY MY INDS  JOPUIA
®do)pIs weu purig
noydnonp pastadap 33:.:.& 2PIXU-RINUILINGT ULy YHM YLICW 0 30y

srauadwos 33e3oed AU puGAY S0j PAPUIWWOIS
SILSID SSNNY §1-1V 0D pavapduans uoissadsiq  uondudsapaumy U




~ Al27 -

I0pUIA
£g Pawdad) uazg STy TIFR ‘gRpt Judy | PACP 1334S IR AIIES TUACEY RRAT(D 0YI0N
Ue61 ATTIUTE (11 6R6E ATIN (11 C6R6! A [ pPINCp NI3YS TITP S I0pUdA, TITP ja saMoug

unN sueniendsd Kiages [eadg

PO H

s d [wowaanAvy Ny

‘sampead Buizeag papudIRIODdI pur
SHMISP 20 MNIRIAN] [TMUYIA § JOPUdA 3G PIPUIWWNIRS S1IPTIT uaTAxa Moy 2y sasaydsounr
Funnpar sopun Juizeiq Jog cwwoiaiake] g avaed ued Junnid N PapUIWWNID st
Fuureyd nD "wapquad v st Jumidm JiAressanou 2 o Arw Juneld fuizeag paveq-ny 30) “13Amug]
‘Fuizeag 01aq papuawwedas st Juneid n) Jo 1N T saved Aurw ui snyg (3 Jo) A}renadsa)
pudes a1 urd ag UL [PUNRW ZEIQ YL JO UCISAJIP O] [RUOBLIAGLY uegl amoans vied
13uy © sty @GO IPID AN 2IAIMOY S[FUATI 37eIq Auew Yitm djqissod st Juizerg duzeig

MIMTIAN PAUYDI S IOPUIA IS SIRIDP I "OPIUTAD B IO 20Dy
n7) PIIC-n Y ISP AL PIOE--iN cqieg Junryd papuswwoddy Juneid 1Ny o1 soud papuawmcda st
23108 1)) tuosaype poud sup paabas ©1 aspaxnud Fuueapd et cFunedonoga 1N 10 n) Buacy

Bupped ND 824)-UBAXO FIOGIM 0 UM SKGRERAR SWLIOL ISOWN )

| | wem
oUeIp euserp owep | [ SESREURY S,
un 0001 o) # ww €620 UG GLE | ww02-0i 0] wiwglal * BSaUNIy]
i . _— - iy
- MOIDOE BHM ) 11039 duis _
spunoy puvespy | puereg pue dug weg ] swioy
[1) §1-7v @doOMD | wueiepy
SIGCITAY S3215 W subog 9
S e e {, o)
PO SOV %
T T T T T Mees o) AuAnonpuod 182019013
e e X
AYn81Sal (U0
§1-7V @doOPID ; euorew

‘anaudew-uou otanpuo) adA ]




- Al28

abiues Sy} 1940 JBEUY O @S0 St uorsuedxa |euwsey)  [g]

(b 51 X € % £ uewideds) 68 972 I WiSY 18d uosurdxa

patieag fuia P AQ ejaieg une (4 UaWdS) poyiau ysey esey Aq pameseaus Apapopaos jewssayy iyl

2doNost 95 uoruedxd jeundy; pue Apanpue euuayl [l
2 03 01 DIGONOR 51 BOISUEDXS [BWISY] 5T O} MdBNos B ApAINDUOY jeuNdy) 12

.2 Aq ,p/1 §t uosuede (PuBYI 20) UBWINSDS 1]

{ i i i
{000l 9000} 1 5900} ! i | “ ; {3-6190)
; ! ! ; i i M6
0RP QT QO { | H | reay, wpseds
; : i C T oo
sl s9: sl 09 ! oot

’ : ocal v Lo WgOt
. : Lt i ' N.“ § 8 R 00081 o,n | :o.w:%axo
] ol 54 i : ‘ { D00t - LY ooy}

. H . . H i . o —
- . , : : : | ! )
ont 081 ; 991 : : : : 4 | 90001 Auan

: “ 1 ; ! i H ~INPUOD

oet 09t oLt | sby 1 Sl G311 SLLL §91 | DoSIiW  (eumayy

. ' . . ‘ t PO L
: “ j ; ' [IBL]

i ¢ . i “ woys) burssasosd Buunp
2006 D006, 0,006 . : i | emeiedwia) wnuiep
] 000504 : V T _ | " wiod Guew
! ! ! " 52GL | o208 | S158

02WD SO OLWD WoZ W59 | DWY ; OWv ; oWy | imiaiepy
. I O i .k . . e e e
Irile]l HSWD oworwng | {e] QUONUNAUL MIND [2hs) wmiawy 1opusp

Wi O Aqww Ot

RIS TR VG RTED I SR T PRy

Ag ww g1 ‘Auduse JO STHNPOW ‘WW 02 SWIDN} UssMmieg yibue) ‘W v Aquw ¢

‘aimdn: sssaasue ued epeied) ww 91 AQ Jejewep Ww SZ 9 'YIBUBNS B)ISUB) ($321S uaunaeds i)

AH O “ AHOSVL AW 021 ®qos| "ys! h _ _ tsoupiey
w | i _ | H 6/, wo-840
L Lz * (43 roZ | zse m H sSAUPIS opdadg
- e - $ T e T S ISP U
(i W {punufox * {sdp i lsd | i “ edo
€01 X 82} 0L ¥ 62} stl, ot} i Ayonsele
522, LT ovz; osz! W i ! 10 sninpopy
o R P T - . S e e
! _ [ fest}s smi}! M : {rsd .04 %)
| ' ‘ edn
i ! opst:  Ovil,; : ; | Yibuans eInxay4
beon [ SRR AN SIS S SRR [
§ * t i | %
oRs:  081'L ore | X { : uonebuory
- i -k U B e Rt R ek TS, SR ) S U O
| | los) 1 lsl} lz2a) | __ frsd ot x)
,, . ’ i : | : edn
| [ 029 $59(  5€S i wibuans pasx
i P SR PO ) H [
: Lo fsou) b (g2e), X {rsd ot %)
| . ' . | i ¥
[1:1 8 org - SeL 046 - v yibuais epsua)
| | _ | i gzsz o 0208 SUSB
oTWd !l SLW3: LW WoLl  wee; OWY' Owvl OwWy ! fmuotey
11} pSwo owopung | @uronumeuL MWD | wowuy | sopusp

[RITTRET O]

Wb rse © " "W ZZ 01 B OW UC PasEQ UCHEMATD hisuag 15

WmIgyL: 10 wead SWNIoA §L 0 Aleuiwoy s Apsorod
‘eopiped WH OL Ct Wt | 0 @INXAU UOUNQUISIP puw enis wein (v}

snjpiodhue] WOos "LICH WLEY "ANEUBR “1E3 WISY ‘Asnwayd spoyiaw 1883 Ig)

w50 te Uiyl §e
SHEWIeY—POIRULIOD 10U §1 A¥Soiod [WNBI00UL JO %S 66 Ausuop  oBmeaw wr 01— exs wieib ow [z}

‘oBULeY $I¥ 0100 §8 UIY) S8 UOIDES puv sSusp Kinj ere sueg (i)

T el (e (aea]
8 6) 6 6) _ {s] qwafb
*66 100t 0408 s8'6 266 066 66! AisuaQ
Tow sl sims Ti 75| Tozmo| Sino| szno| 02no! sl % wbam
08 ON| SBOWN| 6BOW| OBON| SBIOW| SLOW| 08 OWN| S8 OW | uowsoduiod
uotenyy {e] voueU YORORAWOD OJ | poyiauy
‘ABinjelow JepMod 'ABnpejow 10pMod “KBanymew sepmod jBnoim AF UOGERIGE

| s25¢ 0z08 S168 |
oo | S1-Wo| o1-wo | {8l wos| €} wse OWY oWV ONnY feuaie
12} HSWO owowng QUONULIYL MO M (4] sorewy | sopuap

U
w2y 10 "sa3eNond pauydnw saseq s3exaed “sisusen p safuryy SR mod-ydy papasu st
ANADHPULD T poud 21ayM YOTRT ANTASYNS pUT diya 201apuadtua 1ang ssuonemiddy

-Anananpund euuag YAy ynm vorsuedxd (U PAYITWPIONUT §INIEN Aeusnsg

“aup “y'§[) AN owONWNG
) MIND

¥Ry SIpUIA

) 0Z-IND 'SI-IND ‘1-IND HSIND ‘INGL @uapiesay ]
JNSY @UONULIY L TOUONWIY, 1SZSL DINY ‘0TOR DINY ‘SISB DNV ISIMIUTA/AWTY puTig

s3psedutodoldius XpHew-fraw pue saysodwiod N3 UONAUNIP/IWRL SUID




- Al129 -

10puss £q mataal UG STY TITP OahT PUT gRel dy parp €2y
PIFP S 10D JOWOIUNG JOPUIA AQ PAMIADL UIIQ STY TITD L4610 19IYS TIPS IOPUIA T MIND
Japuay Ag POMIIAIL UING STY TICP PAFPUN 122y MIep Atutwigasd 2wy mrp jo sasneg

Jag) H

AD[IP B ST OOWS UNHEPIXO (OWOBUING ‘07 ST WS TN [UoIsoLe))

(nyan sidwexd Joj)
Fuaieid spgrinc yim "Juizeiq so Fouapios Ag owolwng Spoygiaw o siruarw Jupras 12a0pr]

“we pasy APYanD 3q AR SUIPIYY SSTO) [OWNBWAG Spoyiaur 73 $3dA) uonrTISUE YN g

“Jopuaa g pasadIne 3,006-008 W 0ILRIAVHTL
WAMIRIAY PIEIAU JO ST ) PATRIQ 3G ued SN panid 1N owonwng Juizerg

Ruur(d 1aqe 3xeq D07 ® W S| sassed osr Buizriq pur Fuuappn Asea pue 'ssauprey
wouyanp CArund 107 JP0SH-D-TIIN SI93W oy DAIND (Aunsar soneaigienhsuonesgosdg
s3paxdud PIPUILWNIIL J0) LI

S JOPUDA 01 J) H(J-IN) SSIONIAI SO (S NTA) OIS IN Yum pATID 3¢ UR) JOWOHWNG “IN
yitas paieid $82;0n92)3 3q Ut gD parid ag ura oy mawy  FyvaN tnyaN N Suarg

[PAYM TURDNIE LT
punoId 1o 'S[O0) IPIGITI YHM PIUOLLY D UTT) IOWOBWAS “ANMINP Jo yor| o) anp jqissod 10U 51
Juinuog inq ‘padwris 3q urd surd Y YWY CUMIRULOJUL [RUOTIPPE 30) SIFYS PITP S JOPUIA
a3g aqissud g1 s1awoa duys puw sayyou poay “Juipuud pur Fuiddes Suup Jupog ‘Funwm
Futdnys Juiprw—suonrrado Susigorw pRPUTIS CAND B AWy Buiuwo) s Fulugory

witl p »oxewy

pasatbal s¢ |

peuyoew 10 punoib
Arensn “suu Yoo
2= ‘paleluIs By

M qsiuy
pennbes sy | eaepng

W § 0 < $SAUNDIY} 10} Ww QAT §
ww G0 > MeetHN}

equed

]
1
ponnbas sv | (sseuiery

10) wu pAur 04 eadAl Youl 90000

ved uo xew ;
Butpuedap “whuixew uz)wwooe wibusy
wnwirew | wnwixew you WU e XY RO [T T T e

Y XYII Y | EZXYWUET | Yoz xyow zworg | xew (yow g) wnw £z1 ¢ ip

- P B, N U
XBur WA § O W | L= 0) 5200~ Wwoid | (YW 090 O} Ww gk ¢ ssauydLy
T siepasvednog siepasuodnoy | Sired Jo suodnoy T swiog

02N PUB SL-ND WOL 9 WSO | S25. OWY ‘0208 ;
HSWO | 01-WO HSHD Quoxwieul | OWY 'SISBOWY | feusien
’ owopuing MAD wowuy T mpuh

- | ! | | 50V %
el 1we| sze m | Auananpuos
' "® ze | 82 e ..ﬁ i eouoa3
U SRR A S A i il SRS SURR AUt
| " : wo-ryrt
! He 1He | D,2z @ i o Anansises
h €S S g 1S _ i [Cedis k]

I s25L 0208 | si68 '
02-WD _ S1-Wo | o1-wo WY oY OWY | edep
HSWO owoiung T Tyewwy T T iopuag

anaufew-uou oianpuo) adAy




- Al30 -

abues
M1 thud) Sij) 1340 LUBISUDD 0L 501D S1 3| 1)) 16U} 0) #3012 1 QUONULIIYY 10 UOISUBDED jeusayj  {v}

. . (W g1 x € x € Uawdads) 58-822 3 WISY 200 uoisurdxe
1eUnSU it & AQ HISWRIP LA 01 UAURIRTS) poylaw ysel) 1ase) Aq painseaw Aunpnpuas leuneyy [l

1B3ys BIEP S JOPUIA 80S AUcoom pue Uoc UBSMIBG BIBP AUAIINPUOD eusay) 104 _N_

2d0s08! 918 UOISURDXS BUUIY] DUV ALADNPUOD [eusiay]  {1]

{rro 0} {iro 0} . (650 O} i ! {%-6ae0}
. . : . ! o
VL0 2210 £91 0 8101 E9LO0. 6¥LO; 122y 1030y
- . e SR I Ve —

| ! ; ' te] ’
o9 59 LS| 0,005 - 004 W0t
. . R T R .,....W uoisuedxa
] [ $9 i i i M D082 ey
w ol LT e
N w - H S ' O FE * ARARONPUCI
o0c - oet| o8l oail el st | D552 feuusyy
M ; i :o:r,cE.__ E‘r_ﬂLwME!M
| . : ; 040501 _ 1o ainjsiedwae) juiod Buyep
0ZM | SLM:  OLM! €. 9. 89 291 Jenetepy
- . - . - m s e Ld dml ke b ek e oo e om e e n e — e
fefizlli] HsWo owomung (1] Quowwsay ) pwo w 1OpUSA

[EIUTYOIIWOULIIY | P [ET V)

wis Gt AQ w01 AQ W 01 ABXISEIS JO SNNPOW W O SWUSIN usemisq Yibus) ‘ww  AQ WW §
‘qunjdn, asieasuy ‘{ued eiesed) ww gy Aq eewep WU SZ'9 Yibudis epsual sezis uewndads (1]

Aoz | AHoBz| aWooc! Sues| Pweor | Jmsz oy 22 ssoupieH
M 9«.&9-&0
o8l i 681 ¥ 6L 851 v Gt est| en ssouys opoeds
j we) | dsml|  teel| we) =3}
! 4o
08z | otg oce Se2 ovz 052 652 | Auousers jo sninpow
A SDRRAS WA )
i fos1) focs) | {sas} | o8t} s}
I °dn
h oeot oL otz | or2e yibuass [Ranxa4
| i
; yibuais
0gE L m 002’1 090’ | einidry esieasuesf
[V PRSP SN SO SN (NI S —
_ ‘ v4o
: Sutpueq u
i i €04 Lt 124 [z} W aimdni 10 sSHNPoy
i N mli Tgoua %
51 Sl 50 $0! voyefiuoi3y
- e 1
! {a¢} {68} 1 (so1f{ fart) {recy)
| LT
R 025 09 oz 008 yibuans pioiA
{oot} (stir | fo}| sz} fro)
8dn
[+1:14 0€S 095 069 G .- oce 098 Gibuans apsuey
ozm Si-M oM £8 . _1 29 z9 reuREy
I+, HSWO owopwing QuO> 1YL MND Iopuap

|2URI0RY) JO %G 66 Ausuep ‘ebuserr wri gy -G azis weld M 1]
ww § g e iyl se Maunan g}

Bt o ewed ewnjoa 70 Areunuoy si Apsoiod
‘sayoued wrl O3 o W | 0 SINIXAL (USHGUIRIP pue BT WitiD F4]

‘einyeiedwel Woos 11 1EG W1SY ‘Alsuep {1E3 WLSY "Aistueyd spouieul isa) [t)

| guod

S9s5t or 91 0Lt _ 8 pi 95 Gt e 9t F1WaN _. A usQg
s P s e — d i — e —

0z nQ 113 ue ] 113 2 nD 0z ") |1 e oL Ny | % WGtom
08 M| s8 M 68 ‘M SLM| 08 M| S8 M| 06 m!  uvousodwed
poyiaw

usiiesiju "Abinjeiaw Jepmod uonexput ‘ABinjieiow yapmod | uoesqes
ozm| sim| oM €9 | oL | 8o | 29 | (euviery
S f— e : -

Ivifel HsWD owopung | (211} @uonuiseyy MIND i 10puUaA

SRUTS
13y g0 *soafvyaed paviynw ‘sasrq adexyaed ‘siured o saduryy “suRaAd saod-ydy papasu s
ANARIRPUOD JEULIaYl POOS 239ym YITHE Jtensqas pUT diyd JOIRPUOIILIS 1I38(] suoneoyddy

-Knananpuos ruuay 481y gum uossuedxd [euuagl pIYAEWPIAONV0) $ANTI Arwug

auj “YUS] OLIOfY otuonwng
U MWD ISJIOPUIA

0T°A\ ‘S1°A\ ‘01-A\ CHSIND €8 @uoNuLdyg
‘gr @UONWINGL '§Y OUONULIIY] ‘79 QUONUINYL QUONWIIYL SINIUTAWEU pUTIg

S2150dICO0IINY XL [N RD/AY UoNdLISIP/AUTY JUSUD




- Al31

JJOPUIA
£ powainal Udoq STY EIPD “BAG] PUT §R6! JUdY PATR "SI334S MTP S JOPUIA [OHMILING “JOPUA
£q Paw31131 UddY STY TIFP ([6ATC) PUR EEGT( IS CIEP S J0PUdA M) TEITP 0 S22U0S

190 H

AOpF 1) 3XH UONTPIXY IOURMIWNG 1) ST WL IR (UOIDIN])

THUSWLOIIALg 1)

(ny N 21dwexa 203)
gunrid apyenns ynm *Juizeaq 10 Fugappos £g owonung Spayla 7p sfeuat Junras saaoopr]

ut pay £Q1aamp 3q ATW SASYIPII) SST(O) [OWONUIAG SPOQIw 3 SIAA BONEYTISUY RIYIPII

sapusa Aq pasaddns 3, (Ki6-00R 1€ ADBRIAPY BIL
SIUTIIY PARYEIW U0 SIIdw oF pazeag Ag wed HSWD pagid N owowng 3wzrig

Funeid sage 2yeq D00 @ Ulw G sossed ospe :dmizeag pur Juuapios Ased put “ssaupIvy
seaupip chand 30y JROTSE-O- TN RAW oy TIND  (Sunsat uoteatgsjentysuoneagaads

§2anpannid PIPUIWIWIOIIZ K1Y JIAITIINL S JOPUIA 01 131 (]
SN S80I 30 (S NEA) ORI N Yim paryd 3G ur) lowonwng (3 AN VAN UIN :Suneld

‘|33yMm eUIWIN[E UT
yitaw punaid 30 °S001 PIQITI YIm PIVILOTUS 3Q UTH SOWONWNG "UONTULINUL [PUCLIPPT J0) SIIYS
Tirp s Japuda 336 ‘alqissud pi siawod dreys pue sayston poay “Jurpuud pue Juiddey Juijjup
"Fuung "Juiusng -Juideys ‘Jurw—suonriade Fuuydew pIYPUNIS  MIND sFurwny 1o Suugaeiy

pennbes c2 pauyaew J0 puncb ysuy

wi ¢ = xewy Afensn ‘sup Youloion GZi= ‘PRISIUIE Sy aveung

Wi § 0 < SSEUNIIYL JO) W plAUT G Jequed
ww g0 > SSEWON 10) W oA 01 adAy Yo 9000 0 ssouie4
whua

WIIRW YD ¥ X Y b

yed uo Supuedep winunxeu

Gou b X UL p O} YOUI 2 X DU ZWoIg | Uipim

NEW W G O} W}

1= 01,5200~ Woiy | ssaupo)

“iona/suodne | wenqsucdno) w0y
OZM SI-M OL-M HSWO 080 89 TOQUONIAYL | teusien
owokuIng Iﬁ T o 1opuep

SOVI %

er 2 [ iy w st 2 ApAanonpuod 182913
!!!!!!!!!!!! lTl.i'bn'lT».l-lul .QI‘IW!.V" —— ||¢’|‘.P|;i»n|=mlnv..|~ﬂti.
oy | - £s 13 (47 w &Y [ X7 Auansisal [B108§3

0Z-M _ SH-M ovM te) o N 89 M 29 feuaten
HSID owopung QuUONLIBUL MWD Jopusp

anauSrw-uod uidnpua 204




- Al32

0,07 @ISUR D ST1e 01D GG ebraay xewn) (gl
{3 Iwl was ssaiaisdy eapaur Buidh> ppunag bunnp "(z) jeupnpbus  fg)
(CEAEAT J0)) N 01 X

FUaGueS W M 0L AT Aapwxoigde uaamad bubuer afives simgiadug) sy 1as0 Ec.«cou
: R1FLD SIIUS BIER SI0DUIA 0 13138 D006 OF D521 aburs einieiadwal aul 19A0 BlEP 304 (1)

: e} w6

o 0 B0 €0 €0 . 620 820 920 eay apoedg

. o . T odwe Sesrt

D062 ¢ D52 \ 2052 yim WIS . OF D65 ebeieay

12 2l esoqe eAOQE . @ADQE ! PSEAISP  -UWD W 01

L sswanep i @swesap | oseaap wbys < Aueeu : U YBOS

tivi 9419 98! €y 59 X .m_coa:&:.ﬂEoE
3 - . i + I B B - . [T,

i61 o’ 152" €12 w6t - oLt 151 N, AWM

. . i e . . . i ARRnonpuos

rre 802 ! Lig - B892 w e 80Z ' 9911 A'X } lewiayy

,. . _‘ ' ) : ’ 0&3-!&\0%1!)0:.

' : 2,006 . asn wnulxepy
070307 CIMLEL . CORCAE | S205/52 | 0ZR9IOZ | EULTI [ SO, resien
awwcq.& . _: ndE._U ) . : o ﬂomﬂo.w

[CRITERED IOV ET R A G ET TS

{314 a5 ‘3,02

© 50t Ny 0Ze oW Buyapow o) pasn 8q siuauodwod Bj6WIE §0 INDOW Yl 1BY] Papuswwodds st | [b]

enbiuyal NuosBIYN Aq pamseau *(Z) reuprubuo ¢}
patejodenxy [z}

yeupnuGuoy s1 anjea Jaybiy ‘esiansues; s) anea emoy (1]

i | _ , , _ 6/pu1>-edD
i f _ 3 X ssauyns
SE2 { L61] ogz Lz € zoe, agoedg
; P i : T i ; 84D
: : Aise
. 984 022 192 692 E0E = 10 SHIPPON
m QIBASUEN %2L-6 TEVIPPLBUD] %01 21 AU 00 0 !
: OSIFASUES %1 1-@ (enpnEBUot %Gt-1L N 020 0 !
i BIRD %.C1/%0L/%E 1 ) uonebuoi3
a::am; {oorie)  (oseel  {saws)  {lgotsme) e
i : B4W
| ! ! , (42 0}
! 582/092 | mmv\ouv G2g/S6y | S09/085 069/099 | &:E.m PIOIA
. Lol L I I T DA
i | l2}{esms) GS: :mam: {0196} ip1imi1] | I
. i i 4N
i : . i yibuass
! SUE/SYE | S2S/S6F | 0097595 ¢ 069099 SHL09L | opsua )
ozme0z | SteLet | coeeee | S26Se | 020002 ¢ e S6/6 | {euaiepy
easuely ! T T qu,..w | Jopuep

ERCSN 6

e ——————————t——

ERIAP JO] BINBIBYY S JOFVIA @35 (2]

wupnpbuey i}
0.0C @ ' Anpqudaasnsg
S n
gorrzs [2) 563 01 x 01~ 01 4 03 X 2 : anaubepy
"Buissaoid . )
o1 padelgns ng ,v burssasosd ERTLATEE )
© _S: oq 0} n&.::f: o1 26»52 101¥30 :o i 1yl B ol U»E:ﬁ« BIepns oy

i ” ze; cL v | o821 wotn
1 O R A s ._ Apany
_:SNA e se; oc; ve A { D002 sisar
} N o1 0z 22 te | Ooss | reomoar
_
02ROz | TIBLEL | cemene | mwam\mf 0Z/0902 | ELFLEL | 565 fenalew
R E&mCN_Q ' T .KQC.:U f anx..hs/

anaudvw-uou oapuey adi)

TRUITIV ¥ (U191 ()

ﬁn_ua 2201 © OW huB [wod v6 8 @ 1D Buisn “sainu jo ey Aq paienoed il
‘sanjea @say) wWoyy (easueld J0) (BI0) XBWIL) 10| 8p1s 18d) %75 Asea Aew ebejuaniad np |2}

BIGEILAR SUOIPSOWOD WOISND 'sUOHISOSWOD PIepuels i

v ‘ i lel qwop
895 | i85 LE6 856 8| 686 60014 | Aiisuag
) w T e T T s e S e e w 'ﬁ.uzm:ﬁwuuxﬂzo
v towwan ”:U NG %56 66 oW (euajen
e 4 . [ U R
0z:mDf €D | %EE-nD semo| 023l €inyl g mO fz}
090N | FLON| WCEON| O0SON| 09 OW| sLow| 06 oW | % sseur
02D | €43} WEE MO SZND| 62D T M S hD  udwsodwioy

poprouws

BuipperoSupuoq oy ButppeaSuipuog 1ou 104 ‘uoheunie) u uolexqey

| ozomd [ etomwo ﬁ feuaieyy
. — e e e ——

easukjg {1] weuny ! 10pUB A

w1aprasds ey saceq afeyand tsoturd 3 S9quTyy wnMa 1asad ySiy tpapaau
Aasanpuo? reuay pood a1aym Yorne aensqns pue digs J0npuLdImA 1931 suonedddy

Iqryarie pue dpqeaeid AT S1 YNy IOTWNS £ pUT KHARINPUOD [Te1ag
POOS yivm 2ays o) Riesnd) uotsurdnd 3o U IUd [TULdY PAPIRIPILIIING]) Sty

‘(grirear osie Juippr
IPIS-2PFUIN SIPIN QIOG Yo D)) YUm PRED PUT JAW3ID U Opy Yilw 2204 JATE 20y majy  adA g

10y saidoouyda] JA0NTUTMYISHGWD) IISUT( RIamJJTId4y
SpEREY ANedads xounyy ISIOPUIA
0TIV ‘T1DIND S3M3UTA/WRL putig

1294$ [LIdW Pepd nYOMD uondudsapawey dUuan




- Al33 -

SOpuds K Pamaa
Baay TIFQ CPAEPUN TNy Iep S Japuda QRBULL, IOPUIA %E —«USU.,,»U;_ uag sey a:u?
TPAPPUR AN (] PATH IWAS TAUMYIH] PUT SIIYS CIEP S JIPUdA ATWIE) oep jo sa3sno0g

Yo f

SIISIOT TOUWUTAUT ]

dpgeapdde Ny spona g spruaew Furgeas a0y
SIedde N spoate 33 sod4r vonemINe ragIpaa.

NS PIPUIWILINIDS
301 24 TIep xTw ) 335 Jurmoyg proar o) ssaa0d JYi Ut PIPIJU ST M) pan 3G ury
SIPRISITIN DZTH] A0 PIPUIWIABOII A HENIU] OUEL ASUNDMYL O] 01 0)) PIPUILNILI T S} 2JAY
[TUITIL 4N Jug (@uea0) put ‘()38 AOJ( 01 P7eIQ APNJTNIINS UIDG STY D 0N/M) Suizeag

SR PIPUSWBGIA A0J SIIIYS TITP XPWYY 235 (538P2 Ju $3)y 107} opy pasodxa Juneid oy
PR 3G {Irw SSIO00d WAANP T ION R O DU PIUINSSY Ay AN ayaN) N Junryy

Sprutw
FTUHED I0 SUH)IE PIWIYD U0 HONRRLIOJUE PIITIIP J0) SI93YS TICP Inpuda 23§ -I4rssod osp
st(3uramoyd) Supu feowwayy "00) Jo JuLmaws a1ssax3 PUR BONTULUTISP PIOAT 1 PIP2aL
1P W3G PUR umeip 'pasTays ‘padums “pojup 3q Atw rudinyy  utuuo) Jo Suiunyeyy

‘$158Q WOISNI LD e|qERAR abues By} epISINO Sessaunoyy 12}

“JOpUeA PR0D Isenbas AQ suoisuawip 1040 (i}

.

|
|
i

WL YOINU 0L} Wi
9L 0 -#a0ge pue 0100 SN 20

‘wnweeww {Youooiw §1) wi sy
B8C°0 ,010'0 UBY| FE8| STALNORR 304 aJepns
D T a1 puv 1npord uo Guipuedep |
‘, YOul,060 0 0f YUl 100 0 Woiy sEouiel4
Teeeuonp pue feverew |
o Buipuedep w 0}
co. 9 zv%_oE_m93< sseuyy; uo Supuedep SE 01 8 ibuay
“s89UNII UO Buipusdep : csaUNIN
._.EE 8 vonso, ore ww oze x 02 U0 Bupuedep ‘wnipus 92 01 21 UM
e ik 1711 5 7. ¥ S . o
90 'S0 '0209/02
wweo'so’sio ww 0100 F !
‘010 L0 0 €I/MLEL s10'10 eiwuel | (2} 0520 O 1000 | SSUNAYL
T T siaaus. m.ﬂ» 8_|ou T S0y prepuers T 10} ¥ 139ys suuoy
POOWMD 0ZOWD CLONWD : NDONMD i ruaten
R T T ew Jopuap

SQETAY o215 % Subog 3




~ Al34

IOV 1R YO OFO O 104 SZAS/SZ OF INDIN %OWil Yo 001 0 10} 04/08/0 1 Wsos} $8bu) Ones By Byl
"L YIUS 010 O B MAR] Oy IR DU 001 0 OF YU 0RO b WOy AR} 1910} I P jeWON 12}

$5020xd Burzwig wnnoes ex Aupi-ibny # Buren suydeid o) pepuoq sue seays o (i

apeid epucesS EIULY PUP SIS Opy UdRMaq Busuat (5]

E 1) nEub
(g01 x4 = TN} sarynd-usng vl 65 Ol 6¢ Arsuag
T T T iy 02 0wy

wn
1 ey PUSQ Wnodno
(oL TN 2 4 (el ponundus Aewsug

SOORUBIH PATRI] 1¥ CHIUES WOHITR L

1o piand swau senpu epydesd Guser spsuel buing {2} T N e n.mm - o1 (o—z - T i
[+ o 08 % SSauyIy|
WOV 01/08/01 (O 8Md 9 X 9 ¥ | 0 10} Samea Usks DaIMsEap 1] mw. ot Sw UONIEOAWOD
X L= 6 ] wonoea chil #1-4yBiH poyisw uc smqQe 4
sl 52 ; uiuass bupuog oyiewdebon WON t 1LYy
0V AH 08C 0101 T sseupien L
T T (bwuesgnt g wdwdD
802z - FSAUPIS NS
. L)
3,0 @ 022 snnpow Suipueg
T . " wgqp .
D502 19 62 Agoyseie 0 SMNPOW ‘S5puaidy 1eay “saveq afoyand sy g safuryy minng 12034 F1y PP M
: il st ' A v Aitananpund fpuuagt pood 212ym YOPUT NeNsqRs pur digy JHOAPUEIWA 1A suonrtogddy
le} 2§ | yibusis enbiiwy .
I S . Aisudp mo| pue wduans 4y Aannpuad fruudy
ory 5« % pood yim ‘(1334 o1 jarsed) voISURdES JO JUAIIYEI0I [PULI PHUTWARALG])  SUMTI,
2] ewudesd 2 0- | uonebuo y 2y i .= ¥ 1§ [eustn Py 34 J 4
’ . T ‘cn.z
021 0108 wibusss plans dann)) sadnjouyray o mydganur)y
! (20
091 o1 06 yibueim spsua | 1] SIEUMTW UISHPU] TIRUNNNUE STN3] JOPUIA
- {1} opmwudeBony WOW 1euinpy
NIy durru purig

SIPIE QIOQ U Ly gl
PEIY puT 221033 ur Aydes? Pim jaays 1340 20 opAmmdRLIaly  vondumapiawTy Ja




- Al135

IOPUIA AQ PIMIIAII I STY BILP [J0PUIA
wetp AP CIPP [PUOIIPPE 1 nt PACH 1234y Trp Arcunwiid s Jopuas CTIEP JO R0g

O T

swammanua {npuuny pun agniesaduias q@iy K0 pur Fop ages quas agnedwnd SENGE
Swoys g0l pue (ol POYIaw) 4302 QLS TN Japun Aunsag Aessanou jou st (3jdwiexd doy
Funeyd 1) wendand oo sn quedwos Ajeaucajed wr nydwE pur oy tuvisoue)

dquandde joN  Spogiow g siTuAw Jueas I3a0aMy

spquandde 10N spopaw P s3d4y uonRRISYL TUYIPady

‘Juncyd uot pasucyud

o cuonsodap sodea um *Bunedonaayd Ag pasndap oq wed 1D Py I IN (528p9 Jo sajoy

3141 2y pasodxa Buncyd sop 025 3G fm SS3302d WP €I MON O 03 mjtuns paunssy Juneig

SBORPUIWLIIIS
J0) MPUIA I HOSUOD S IPIQIED PITPUTIS i PRLyatw 39 ut) (Tuusoy o Futuor

Buisse0oxd 0} POOVIGNS Oy JO 1Y) 8 O} pRUNSY ]

SOUBIBIBG GOBUNS U«J

| SAVI %

0L 0 1 4 AuMIanpuUe? [#IHJ

e e e e b e e e
UgdZ O P P2 Aungsisas [ERADIHT

opesydubon KON

feudien

‘anaudew-uou 01NpUCD radf)

WOW 010801 10 01e1d 8 X .8 X 10 40} SON[eA UL paInseary {1}

(1] onremdwbon WOW

Yoo g 5 M ysuy @ovpng

e T T Geuzeoo T T sseuimy
™ T s By
T T T osz0 s 610 .8 m.,,‘w T aoim
H000 3 (100 .0r0D) WU YS 2O | ssouNNy |

Commm ..._m_..u,_..%.pmm T T eunog
oneuydesSoN WO _ feuaten

wour

190 ieay apdads

- - T T 5,008 01 Dq081 -
Wg.08

-3 4 uorsuedxe [ewiey;
- . —

111111111 mnu do- |N x.. AWM
.......................... oir | AX AunpnpuoD [Ruiey)
1 - s e

WewuonAue Buinpo-uol “leut ul H50001 PYLTE 3T VTS

"ne Ut D 00E VRN SNONUIUOD LMY

- T xllf — fune) uoys) Burssesaid Buunp
0,009t QIOCRLIS] DIEMOLE WILMBY

| feusiew

T T T Tl B

TSUeYIsWOnUIY] 7 U0l D




- Al36

sbues @inieIsAe) Fril 1940 JuRrIsUOD Ane) &1 310 (1]

vs
506%

YA
S26rs 2 |

{1 D521+ 01 9,55 ebuseny
Mg 01
uouedxs (LI )

Lhiadids]

—

gwoA 2201 © ony pue W6 5HB O N Suen ‘perenciel [}

sssoasuRy & onjEa soubiy wupnpbuoy 5 enjea Jemot i)

e
{6t}

ort

T otieasuen s, rewpaibuor %81 |

{004 06}

069029

Tetime)

00809,

ssiorsuel %G BUpISUDl %0Z |

5w %D
ssaUpNS Mpoads
T

L[ L]

Agouseis j0 SNINPOY

T  ease Yo uononpey |

uoefuo 3
Tl e
*di

(%2 0) wibuens pieia
I TY 7]

i
yibuens epsuay

0675 |

SA6/52 i

feusiBy

A (1} (wob
8004 S0 SL OV Ar6ueq
T - o sousueIEey>
‘Gnoam end Arasewnuod N ‘Asnd ybry jopy Uy

$ IN STIN
06 ‘ON 6 ‘O 66 ONn *, STRUNDIY)
S N STIN S W ‘Uonsodwo)
BuppeaAUPUOG 104 “UOHEURLIY PO UOUBIIQR S
INOWAN ) feusie

siaprasds jeay ‘saseq IFeyaed ‘siawrs p sIFurpy sundna Jamod-yIig (papadu s}
A1ATIONPUOS TRutIdY) POOS 2UdyM YATHE FIENSQRS Put dIYd JNINPUONWIS 13N suoneaddy

"2|qEyITHT put Jgeacid KISTI 51 yMym IdtHns pu

A1ARIDPUD U PooS im (193ys M [35esTd) UOUTAX 3 JO JWIIDYII0D [CULAQ MO 1SAIMEIJ

‘§2NIS JI0Q 40 U0 UL IN YA PRI IS Oy Tiapy (adA ]
STy Ayeidadg xewi) upudp

193yS Q190 PEId IN/OJAVIN 30 OJNAN uenduassp/awrey audun




- Al137

IOPUIL AY PawIIAN U STY CIL PATPUN “133YS BIEP > Jupuda T¥TIIL ) ITIEP JO SIUNUY

ET I

“aiqeanidde toN spowiaw % sfEuaitw Sulfeas 1A00piy
-dqeatdde Jop  spoaw P s3d4E vone|eIsul YIRS

(s38p3 Jo $3j0Y 10}) oy pPIsudx?
Juneid Jog pasn 3q Jiim $SID01 WP T HON IN ST WES A 3q 01 pawnssy  Funeygd

(.pZ) WiW 019 0) 8A0GE pUB (LS00 O} W [Z| O EERRIYY !
(.24} uau GOT 01 ¥ puw (G000} WAL [T\ 0 SSIUNIMIY A
T T T Tz uai 0o 01 (S1000) WAG BEOG | seewnony
ST T e 10) § 1eeys | T T T T g
INJONAN PUBOIWAN | ° fenateyy

SqTeAY S571S % sulvd 3

Guissasoid o) paoelqas 1y 10 teyt 0Q O pIwINSSY 2IUEIEISS! HOCUNS Ay
. ' T T T T Rumionpuoa ool

i . AUAHSISOI (@M1133(3

SN6/5 m,w\nm\nNL_ $6/5 Jeuaiep

odnpuo) adiy

-




- Al38 -

43I0 A0 Xy
100 032000 S0 0> epxped sydy
Aoib -
Avsb b wEONBURS | 1400
T o mS&
9z€ £t oee 9ze-sze 8z¢ Aifsuag
w ORI
owrBu purig
Buipfous Bunsuis pue poylau
uodeha} Buises ede) voyedqey
owopuIng 91920AN $dD $1000) LTI sopuap

-~ ~
S190yS BIPD USAMSG NP senep (2]
GOHRULIOJUY [BUCHIDPE 0] SI83YS MED B I0pUsa 00S  {i]
' Jo'L¥
$L€-0SC : H AI0YS [euney}
1ol fmcol! “ ; {10 5, BA%3)
i ] i %8
{80 SO0 : : 129y Dp3edg
. : se Jog00s 52 T
Ly L 0,000 0v
. + P e Nig Ot
S5v : Bb | D007 - 14 ?
‘ e A oo o e e uoisuedxe
| 124 oy 3,008 - §2
i i ; ] P ey
; ; I olosvw s U
., . e . - - Y - —— e T —
; i lsenoN] '
sensgns ;  pessasd | {og) 12l m 00z 002"
{wi 1) Ul 002 ¢ 73 7 iz soee 06L-041 * 0LV OLL- 0,52/iY © R-wmm
WHMHOBL | 138US 061 | oLi< Sti! oL oem! AUAIINPUOD [@WIeY |
1] owopsng | @1a004y W $dD ~ $100) | SNUCI WBY | JOPUSA
AH 0028 t «EEb.. 0021 ,_ SSOUpITH
T T T Yz : .I_. onel s uossiod
[ SV | S UV S
849
ort snynpous SeeyS
oy | Gl | (ewsnt | *Jo
0t X vE) ot x2e) i Auoneuie
gee s e ore £0t o SniNpoy
B N 1._2. €s) ) . edN
S9E | 092 yibuens panxa)4
{ b oc) wed ey | T T T T T T T T T  agw
{ sy 05-0v] . yibuens
062 06b-06€ : 962 Buipueg
_mE_...:a.x R et B e — J—
3 pbuesis
1204 voisse.duion
ouopwng | era30ky Sdo s1009 souo| B0 JOpUsSA
EICLTEE I

SACASQRS pasyod o sadeyord
pasgon ‘saveq sdeyand ‘yaene diyd 1§ 19ANp CHNIOMIL WYY Uy ‘sALNSqRg ssuogedddy

‘PRRLTEIAW 9 WTD IRy [PUANTW

SLAIAPANIEINSU] Y "ANANIINPUOD Jeundys ySiy tuviumdxa [TuUsyl pIYNTY 1 anivd) Arwug
owoHWNS

TIIN0AY

soweaupAundum) % 0TID Y AN

SdD

(ONZ-N "0L1-M ‘0L-N [SINIUTASIUTU PUTI]) SIS £I3) SI0pUIA

NuEID NIV dujfersddjed pUIN winupuRly HORdLISINOUTY dUXUID

ORURI)




- Al39 -

adnl oy piog dd KBopouysa g Jmsagy pugigp svoneniddy MuonrseIny pugAY o)
AACINGAS PN wniwoty  walg g {681V 181 U661 PATH 133YS TIEP S Jupuds lowtoiung
T6G1O0 SIMP0IQ TIep S I0puds TI0AY HRE1E IS TITD IDIWEII) uf sauBApy Ul
payshgnd 3q 01 "Jupdpy fENBUY SOV 1661 SIWEIR) dutulinudd Y31 ju Fnpjopy uondfuy
LN SWIEPY W N PUC Xeqpung (v "D WIMON "3 8 [I6AON] 1S4 paTpun "nidays
CICP S 0PUIa SNMEIAUAIO PATHUN CLINS PIEP S JOPUIA ISHUOIJTIZ) TITH Jo $IAsN0Y

Q0 H

UDHCA5 1 A URUIE UMW Yim BOHERIXO OF JARINUD 1 TUACW ‘suonrado muuayy 104 N

Sadoid [TuslunIiAvg O

Mo 01
! IHOEE »
,,,,,,,, T T G T T T T T T wn |
uoneneiaw 0 Juu (ras sannbas Apaanp aoN  Spopawr @ sjeUATWE FugRds 12A0N/PY SUCUIRDRNUDS RS N Free S -
' I
*%0] 160°0 . 0
i "M PAOD put (pamyd 1Y 10 IN g WEd) Oy co co| D20 1> Lo o1s0~|  ZHNL ! so1o
g0y pd-By D NSTL Ty ML VAN Ty UIPNTaUL SUONRZIHEIOW Wiy ¥yl (0D Papueq I DU B Tl nESE T TTTREMY | ..o..aa.ma.
1OHPY JRE] SNUDILEII) Oy 30 A SUORTZYTISW Wjy-XDIYY J0 UYL SI00D)  UDHTZICIIN z0 | i
s M9 01
suonessdo Jusipdew numias paepuets Fuiaog so Sultigoepy ce MO €6 _
- — — g~ oA = - - N O e e — o —— — e e -
1 S8 24N ol
llllllllll wnliillllv B e e e e ik Illll_
0,520 68 : 58 88 L 4§ weisvod
||||||||| R e T T R
L ) SuBeQ
WA
yibuass sudeRI
[~aw 98] 5, anen o)
poysyod | ] - .
10} yoordAs " ,wopL > (O SOIPSUIP ~ D004 | wry
& wirl 62> §oTts 1O9jp {Buysiod ; [ lnﬂo 00E
jeondAy rpaysiod WM 600> | Yum SOYIUIINW | {00 Aymsise
B3YdUIOIMU ‘paisjurs 2 58 Moy %) SO | ysy DpSo/LY BWNOA
00f xewy S8 ‘papiows 59 wil Ly o> SOYIUIINW OE> 0c> ey __ esepng - TOPUSA
IR (Sr0x.500) | } T 1!w: ST
' UAL P 1L X WW EP 4L O |
t ANS AJIARD UO S@IUA0-O)- 18UaD |
P Gwes (y200'0%) ww 90 03 |
i ams Aaeo (%S 03) (€20 03) | Jeguied
Youy.£00 0 | WU B50 OF 8OURIR0} D € 4oui7,5000 0 YIUIL2000 | /eseulBly
W ! | wibuey
LZrxzodn b Wb Xopsaidn ;b x .y OIdn ) Pue yipm
e e e b T L
ﬂ | (psepuers
Or00
! ".520 0} “
! .200 0% |
%017 .00 0 | .see00 |
“$20 0 '.5100 ; | 01,6200 ‘ ST |
19ayg | . sabwyoeq | 180yS | suioy
owopwng m [FTe) | SPwmeNA1000 | Souoi @) . Jopuep
— LT - =




- Al4l -

Commercial Software for Support of Packaging CAD/CAM

DATABASE:

Object Oriented: Relational:

VBASE INGRES

GEMSTONE SQL SERVER

OBJECTIVITY/DB INTERBASE

OBJECT STORE ORACLE
PROGRESS
INFORMIX
UNIFY

GEOMETRY (Solids Modeling):

AUTOCAD * OMNI SOLIDS *CONCEPT MODELER
* IDEAS EUCLID
* CADDS 5 CAD KEY SOLIDS

Products marked by "*" have true 3-D capability

ELECTROMAGNETIC SIMULATORS:

* ANSYS * HFSS EXPLORER
* MSC/EMAS * MAXWELL EMSIM
* MAFIA * SUPERFISH

Products marked by "*" are true 3-D simulators

CIRCUIT SIMULATORS:

SUPERCOMPACT (Linear)
HARMONICA (Non-linear)
TOUCHSTONE (Linear)
LIBRA (Non-linear)
HEWLETT PACKARD

THERMAL SIMULATORS:
NASTRAN AIRCOOL NISA

THERM 2 THEAT COMOSM
ALGOR ANSYS
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MECHANICAL SIMULATORS (Vibration, Stress):

PERSONAL DESIGNER NASTRAN

ANSYS COMOSM

ALGOR

NISA

DRAFTING:

CADDS PERSONAL DESIGNER
AUTOCAD CADKEY

~—




