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Abstract
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The multichip module-ceramic (MCM-C) microcircuit technology using low-temperature cofired
ceramic (LTCC) networks has been applied to electronic systems that require increased performance,
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reduced volume, and higher density. This MCM-C guide focuses on the manufacturability issues that
must be considered for LTCC network fabrication and MCM assembly and the effects that process
capabilities have on the MCM design layout and product yield.

Summary

Honeywell Federal Manufacturing & Technologies (FM&T) provides complete microcircuit capabilities
from design layout through manufacturing and final electrical testing. Manufacturing and testing
capabilities include design layout, electrical and mechanical computer simulation and modeling, circuit
analysis, component analysis, network fabrication, microelectronic assembly, electrical tester design,
electrical testing, materials analysis, and environmental evaluation.

This document provides manufacturing guidelines for multichip module-ceramic (MCM-C)
microcircuits. Figure 1 illustrates an example MCM-C configuration with the parts and processes that are
available. The MCM-C technology is used to manufacture microcircuits for electronic systems that
require increased performance, reduced volume, and higher density that cannot be achieved by the
standard hybrid microcircuit or printed wiring board technologies. The guidelines focus on the
manufacturability issues that must be considered for low-temperature cofired ceramic (LTCC) network
fabrication and MCM assembly and the impact that process capabilities have on the overall MCM design
layout and product yield.

Prerequisites that are necessary to initiate the MCM design layout include electrical, mechanical, and
environmental requirements. Customer design data can be accepted in many standard electronic file
formats. Other requirements include schedule, quantity, cost, classification, and quality level. Design
considerations include electrical, network, packaging, and producibility; and deliverables include
finished product, drawings, documentation, and electronic files.
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Figure 1. Example MCM-C Configuration

Discussion
Scope and Purpose

The scope of this document involved the devel opment of design layout guidelines for LTCC MCMs that
are used for electronic systems. These MCMs typically consist of multilayered cofired thick film
networks with chip and wire and/or surface mount assembled components. The purpose of this document

was to update an existing 73-page document? and replace it with a simplified, more effective MCM-C
manufacturing guide in both written and electronic website versions.

Activity
Introduction

This manufacturing guide includes four appendices that provide information about the MCM-C
technology, illustrate design layout requirements for LTCC networks, show actual MCM-C assemblies,
and provide areference with MCM-C guidance. Appendix A involves the MCM-C technology and
consists of four sections. Appendix Al provides an MCM process flow chart that shows the overall
requirements from design layout through manufacturing to final electrical testing. Appendix A2 provides
amanufacturing checklist for the customer that summarizes the specific details that should be considered
for LTCC network design layout. Appendix A3 isa product definition checklist for creating drawings
with material, network fabrication, assembly, component, and electrical testing information. Appendix
A4 provides material properties for metals, alloys, substrates, adhesives, semiconductors, solders, and
pastes.

Appendix B involves LTCC network dimensions and consists of seven sections. Appendix B1 shows a
cross-section of atypical LTCC network with itemsidentified on the various layers. Appendix B2
provides LTCC network dimensions for high-yield layouts. Appendix B3 provides LTCC network
dimensions for high-density layouts. Appendix B4 illustrates L TCC network requirements for chip and
wire interconnections and L TCC cavities. Appendix B5 shows requirements for seal ringsand LTCC
network braze pads and defines dimensions for lids and solder preforms. Appendix B6 identifies thick
film resistor requirements. Appendix B7 provides LTCC network dimensions for surface mount
assembly.

Appendix C provides four actual examples of MCM-C assemblies. Various features are identified for
each example such as the LTCC network layers, chip components, wire interconnections, and next

assembly interconnections. Appendix D provides areference for MCM-C design layout that istitled
"Design Specifications for Manufacturability of MCM-C Multichip Modules."

Reference

1Chris Allen, Roy Blazek, Jay Desch, Jerry Elarton, David Kautz, Dick Markley,
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Howard Morgenstern, Ron Stewart, and Larry Warner, Design Specifications for Manufacturability of
MCM-C Multichip Modules, AlliedSignal Federal Manufacturing & Technologies: KCP-613-5430, June
1995 (Available from NTIS).

Appendix A

MCM-C Technology

Al. MCM Process Flow

MCM Process Flow

MCM CUSTOMER REQUIREMENTS

|

CONCURRENT ENGINEERING
DRAFT SCHEMATIC
PARTS DEFINITION

DESIGN VERIFICATION SCHEMATIC CAPTURE

PACKAGE DESIGN

|
PROCUREMENT

MATERIAL
PROCUREMENT

NETWORK FAB

|
VERIFICATION

'
_pacusce Deseh_|
—

PIECE PARTS
PROCUREMENT

NN
L

MCM-C ASSEMBLY &= A

DELIVER MCM-C TO CUSTOMER

A2. MCM-C Technology: Manufacturing Customer Checklist

PRE-ROUTING TASKS DATETO BE DATE
COMPLETED COMPLETED

Verification

Schematic vs. draft schematic
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Electronic netlist file vs. schematic

Components CAD definition vs. component definitions (library)

Components availability

Electrical / Thermal

Controlled impedance conductor lines
Propagation delay

High current conductor lines

Isolation, shielding and cross talk

Thermal management

Die backside metallization and potential

Printed Resistors

Verify each resistor value

Power dissipation considered for each resistor
Low resistance paths to low value resistors
Probe pads for resistor trimming

Place all resistors for active trimming on one sideof LTCC
Provide opening in al resistor loops

Design Definition

Electrical interface

Mechanical interface

LTCC layers (number, planes and XY runs)
LTCC cavity (features and components)
Manufacturability

Network considerations reviewed with engineer
MCM package considerations reviewed with engineer

Testability

file://N1)/fulltext/f00/096/00096766/sub/6384blaz.htm
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Requirements reviewed with test equipment engineer

Test nodes defined for key signals

POST-ROUTING TASKS DATETO BE DATE
COMPLETED COMPLETED

Verify CAD conductor routing vs. schematic

Verify conductor lines widths/spacings/vias meet design
definition

Verify special features

Controlled impedance conductor lines (W)
Propagation delay (L)

High current conductor lines (W)

Thermal management

Verify package marking

Verify alignment marks for automatic equipment

Verify placement of pin one indicator for components and
networks

Verify seal ring, lid and braze pad are correct for final MCM
package design

Verify testing

Verify final MCM package design against MCM
requirements

9 of 57 3/14/01 3:10 PM



Multichip Module-Ceramic file://N1|/fulltext/f00/096/00096766/sub/6384blaz.htm

A3. MCM-C Technology: Product Definition Checklist

REQUIRED INFORMATION DATE TOBE DATE
COMPLETED COMPLETED

MCM Graphic Layout

Components and circuitry on one or both sides of the
network

Die attachment requirements
Temperature restrictions

Wire length and loop height restrictions
Wire diameter requirements

Wire layout enlargement

Wire and ribbon requirements
Component/lid clearance

Surface mount soldering flag notes
Solder dispensing flag notes

Epoxy dispensing flag notes

Marking requirements

Static handling flag notes

Active trimming flag notes

MCM Material List

Drawings: AY, CK, AC, SS, 99 specs, material specs
LTCC network

Other networks
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Epoxy materials

Eutectic die attach materials
Wire and ribbon materials
Solder materials

MCM lid

Components

MCM Schematic

Electrical schematic for verification and troubleshooting

REQUIRED INFORMATION DATE TOBE DATE
COMPLETED COMPLETED

MCM Electrical Test Specifications
Electrical requirements

Electrical test temperatures
Temperature cycling

Power burn-in

Centrifuge test

Shock and vibration

MCM operating and storage conditions
Network Graphic Layout

Network dimensions

Network cavity dimensions

Network solder screen printing reguirements

LTCC tape materials
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Alignment marks for automated wire bonding, wire pull
testing, component pick-and-place, solder and epoxy
dispensing

Seal frame solder attachment materials

Pin and lead solder attachment material

Network Material List

DD (Design Definition)

Substrate materials

Thick film paste - chip and wire

Thick film paste - surface mount

Thin film materials

Thick film paste - seal frame

Thick film paste - pins and leads

Pins, leads, seal rings

Screens and stencils
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REQUIRED INFORMATION DATE TOBE DATE
COMPLETED COMPLETED

Component Drawings

Component dimensions - length, width and thickness
Component wire bond pad dimensions and pitch
Component materials (Si, GaAs)

Component topside metallization and passivation
Component backside metallization and potential

Die bond pad layout (vendor map)

Component wire bond pads - gold or aluminum

Component termination materials compatible with surface
mount soldering

Component storage conditions

Component Considerations

Component testing (known good di€)
Component visual inspection

Component library for future tests and failure analysis
High-yield components using mature technology
Commercial-grade component requirements
Military-grade component requirements

Part Drawings

Lid dimensions

Lid materials and plating conditions

Lid solder attachment materials
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A4. MCM-C Technology: Material Properties

This section is a convenient reference of some key properties of materials used in multichip module
applications. It summarizes thermal, electrical, mechanical, and processing information on these
materials, and the parametric values come from avariety of sources listed at the end of the document.
The section contains seven tables as itemized below.

Table 1 Properties of Pure Metals

Table 2 Properties of Alloys

Table 3 Properties of Substrate Materials

Table 4 Properties of Adhesive Materials

Table 5 Properties of Semiconductor Materials

Table 6 Properties of Solder Materials

Table 7 Properties of Paste Materials

Pure Metals
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Parameter
Manufacturer
Density @ 25° C

Thermal Conductivity @
100°C

Thermal Expansion @ 0°
-200° C

Specific Heat
Y oung's Modulus

Electrical Resistivity @
20°C

Process Info - Melting
Temperature

file://N1)/fulltext/f00/096/00096766/sub/6384blaz.htm

Silver  Copper Gold  Aluminum
Units Ag Cu Au Al
g/cms 10.51 8.9211 19.311 2.70211
Wim-K 42711 3981 31511 23711
ppm/° C 1911 16.611] 14.271 2501
Jg-K 0.234117 0.38517 0.12913 0.900;1
GPa 82.715] 129.8i5] 78.5[5] 70.6[5]
W -cm 1.59m[y  1.67mpy  2.35my 2.65m[1)
°C 9621 10831 10641 66051

Table 1 Properties of Pure Metals

Alloys

Nickel
Ni
8.901

89.911)

131y

0.4441;
199.5(5]

6.84m
[1]

145311
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Parameter

Manufacturer

Density @ 25° C

Thermal Conductivity @

100° C

Thermal Expansion @ 0°

-200° C

Specific Heat

Y oung's Modulus

Electrical Resistivity @

20°C

Process Info - Melting

Temperature

Parameter
M anufacturer
Density @ 25° C

Thermal Conductivity @
100° C

Thermal Expansion @ 0°
-200° C

Specific Heat
Y oung's Modulus

Electrical Resistivity @
20° C

Process Info - Melting
Temperature

Units

g/lcms

W/m-K

ppm/°
C

Jg-K

GPa

W -cm

°C

CMSH
A-40

Units Al160/S140
Sumitomo
g/cms 2.53(9]

W/m-K 1389
ppm/° 13.5(9]
C

Jg-K 0.879(9
GPa 10149

W -cm 8.35m[9]

Kovar

Fe54/Ni29/Col7
Stupakoff Labs
8.36-8.505]

17.1p25]

4.81;5]

14.15)

48.9m(s5)

145025

filex//N1)/fulltext/f00/096/00096 766/sub/6384blaz.htm

Cu-Mo-Cu

Mo74/Cu26
AMAX, Inc.
9.910]

195010

5.66/10]

0.295(10]
228[10]

3.5m[10]

2575-267525]

Thermkon
76

W80/Cu20
CMW, Inc.
15.56711]

1801113

7.6[11]

240[11

4.21mi11]

Fe64/Ni36
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Parameter
Manufacturer
Density @ 25° C

Thermal Conductivity @ 100°
C

Thermal Expansion @ 0° -200°
C

Specific Heat

Y oung's Modulus

Flexural Strength

Electrical Resistivity @ 20° C
Rel. Dielectric Constant @
freg

Dielectric Loss Tangent @
freg

Process Info - Melting
Temperature
Max Useful Temperature

file://N)/fulltext/f00/096/00096766/sub/6384blaz.htm

Table 2 Properties of Alloys

Substrate Materials

Units

g/cms

W/m-K

ppm/° C

Jg-K
GPa
MPa

W -cm

x10-3

Natural
Diamond
Typella

C

3.5157

200012

1.3412

900-1000;2]

300;3]

104 to >1016[2]

568 @ 3
kHz2]

103]

500-700;2]

CvD
Diamond

C

Crystallume

3.5016]

1300;16]
2.0[16]

0.51916

10501241

1012 to
1016[24]

5.7[24]

0.5114]

Polycrystalline
Diamond

C
Diamonex
3.21t0 3.4(15]

>1300j15]

2115]

>1011[15]

5.715

<05 @ 15
GHz15

70015]
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Silicon Carbide
Beryllia Aluminum
Nitride
Parameter Units BeO AIN SiC
Manufacturer Brush Carborundum  Brush Wellman
Wellman
Density @ 25° C g/cms 2.85[12] 3.26[12] 3.2112]
Thermal Conductivity @ 1000 W/m-K 260[12] 170p12] 701121
C
Thermal Expansion @ 0° -200°  ppm/° C 7.2[12] 4.1112] 3.8112]
C
Specific Heat Jg-K 1.0112] 0.7112] 0.81121
Y oung's Modulus GPa 262[12] 276[12] 407112
Flexural Strength MPa 240;3] 4503 49017]
Electrical Resistivity @ 20° C W -cm >1014[12] >1014[12] >1011[12]
Rel. Dielectric Constant @ 6.7 @ 10 88 @10 40 @ 10
freq MHz12] MHz12) MHz12]
Dielectric Loss Tangent @ x103 1@10 <l1@10 80-170 @
freq MHz12] MHz12] 10 MHzp2
Process Info - Melting °C
Temperature 1700112] 1800512 1900121

Max Useful Temperature

Substrate Materials (cont.)
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Alumina LTCC 901 LTCC LTCC 845

951
Parameter Units 96%
Al203

Manufacturer Coors Du Pont Du Pont Du Pont
Density @ 25° C g/cms 3.75113] 2.896] 3.156] 2.46]
Thermal Conductivity @ 100°  W/m-K 20013 2.0p6] 3.056] 2.0p6]
C
Thermal Expansion @ 0° ppm/° 6.3[13] 7.96] 5.716] 4 5
-200° C C
Specific Heat Jg-K 0.88[13]
Y oung's Modulus GPa 303[13]
Flexural Strength MPa 399113 229(6] 32016] 24016
Electrical Resistivity @ 20°C W -cm >1014[13]
Rel. Dielectric Constant @ 9.5 @ 100 79@1 78@10 £48@5
freg MHz13) MHze MHze kHz to

73@ 5 GHzjs]

1 GHz[26]

Dielectric Loss Tangent @ x103 04@100 3@1MHzes 15@10 3@5kHz
freg MHz13] 5 @ 1 GHz[26] MHzs to 5 GHzjs
Process Info - Melting °C
Temperature 150012] 650121

Max Useful Temperature

Table 3 Properties of Substrates

Adhesive Materials
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Parameter
M anufacturer

Density @ 25° C

Thermal Conductivity @ 100°
C

Thermal Expansion @ 0° -200°
C

Specific Heat

Die Shear Strength @ 25° C
Lap Shear Strength @ 25° C
Electrical Resistivity @ 20° C
Process Info - Curing

Temperature
Glass Transition Temperature

Ablebond
84-1LMIT
Units Silver-filled
€poxy
Abelstik
g/cms 3.99(8]
W/m-K 5.99]
ppm/° 52g]
C
Jg-K
MPa 34.5
MPa 11.0r8
W -cm 70ms]
°C 150;g]
103(8]

Epibond 7002

Silver-filled

epoxy

Furane

2.99(18]

1.67118)

50118]

11.919]
13.8[19]

200m1s]

165j18]
145[18]

Epo-Tek
H20E

Silver-filled

epoxy
Epoxy

Technology

2.60[19]

1.59119]

10.3[19]

100-400m
(19]

50-175019]
50-60[19]

file://N)/fulltext/f00/096/00096766/sub/6384blaz.htm
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Parameter Units
Manufacturer

Density @ 25° C g/cms
Thermal Conductivity @ W/m-K
100° C

Thermal Expansion @ 0° ppm/°
-200° C C
Specific Heat Jg-K

Die Shear Strength @ 25° C MPa

Lap Shear Strength @ 25° C MPa

Electrical Resistivity @ 20°C W -cm
Process Info - Curing °C
Temperature

Glass Transition Temperature

JM 7000
Silver-Filled
Cyanate
Ester

Honeywell

1.227]

33[27]

17.2127]

2m

150 - 350;27]
>240[27]

file://N)/fulltext/f00/096/00096766/sub/6384blaz.htm

Staystik 101

Silver-filled

Thermoplastic

Cookson

3.0-3.57

407

0.4617]

2417

500m([7]

300 - 375(7]
>180[7]

Adhesive Materials (cont.)

Staystik 181

Silver-filled
Thermoplastic

Cookson

3.0-3.57

407

0.467

17.2171

500m[7

160 - 27517
>98J7]
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Parameter

Manufacturer
Density @ 25° C

Thermal Conductivity @
100° C

Thermal Expansion @ 0°
-200° C

Specific Heat
Die Shear Strength @ 25° C
Lap Shear Strength @ 25° C

Electrical Resistivity @ 20°
C

Rel. Dielectric Constant @
freq

Dielectric Loss Tangent @
freq

Process Info — Curing
Temperature

Glass Transition
Temperature

Units

g/cms

W/m-K

ppm/° C

Jg-K
MPa
MPa

W -cm

x10-3

Stayform 401

Thermoplastic

Cookson

0.25-0.307

60171

1.26/7

24.87]

>109[7]
3.0@50
MHz7

10 @ 50
MHz7

225 - 30071
>145(7]

file://N1)/fulltext/f00/096/00096 766/sub/6384blaz.htm

Stayform501  Stayform 581
Silver-filled Silver-filled
Thermoplastic Thermoplastic
Cookson Cookson
3.0-3.57 3.0-3.57
407 507
0.4617] 0.467]
24117 17.2m
500m(7] 500m(7]
300-375[7] 160 -275(7]
>180[7] >98[7]

Table 4 Properties of Adhesive Material

Semiconductor Materias
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Parameter

Manufacturer

Density @ 25° C

Thermal Conductivity @ 100° C

Thermal Expansion @ 0° -200°
C

Specific Heat

Y oung's Modulus

Flexural Strength

Electrical Resistivity @ 20° C

Rel. Dielectric Constant @ freq

Dielectric Loss Tangent @ freq

Process Info - Melting
Temperature

Units

g/cms
W/m-K

ppm/° C

Jg-K
GPa
MPa

W -cm

x10-3

Silicon

S

2.32831

83.5(1]

31

0.70711

131123]

230K[s]

12;3]

14101

file://N1)/fulltext/f00/096/00096766/sub/6384blaz.htm

Gallium
Arsenide

GaAs

5.31671
46[3

6141

0.32711

85.5(23]

10s[22]

129 @
4-18 GHz22

123813

Table 5 Properties of Semiconductor Materials

Solder Materials
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Parameter

Manufacturer

Density @ 25° C

Thermal Conductivity @ 100° C
Thermal Expansion @ 0° -200° C
Specific Heat

Die Shear Strength @ 25° C

Lap Shear Strength @ 25° C
Electrical Resistivity @ 25° C

Process Info - Liquidus
Temperature

Units

g/cms
W/m-K
ppm/° C
Jg-K
Mpa
Pa

W -cm

Tin/Lead
Sn63/Ph37
Williams
8.4025]
51i25]

2525]

41.828]
1.7np2g]

183125

filex//N1)/fulltext/f00/096/00096 766/sub/6384blaz.htm

Eutectic
Au80/Sn20
Williams
14.5125
68.2[25]

15.93/25]

280(25]

Table 6 Properties of Solder Materials

Paste Materials
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Primary Purpose

ViaFill
Conductors
ViaFill
Conductor
ViaFill

Conductor

Conductors

Conductors

Conductors

Conductors

I nsul ator

filex//N1)/fulltext/f00/096/00096 766/sub/6384blaz.htm

Metal Type Resistivity Nominal Primary Use
(mohms/sq) Thickness
(microns)
Fire System
Gold 1Layer
Gold 5 6t09
Silver 1Layer
Silver 3.3 6t09
Palladium/Silver 1layer
Palladium/Silver 20 6t09

External Post-Fire Materials

Gold 4
Palladium/ 80
Platinum/Gold
Palladium/Gold 80
Palladium/Silver 20
Glass

Table 7 Properties of Paste Materials

15

15

15

12

Gold Wire
Bondable

Tin/Lead Solder

Lead/Indium
Solder

Tin/Lead Solder

Cross-over
Dielectric
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Appendix B

LTCC Network Dimensions

B1. LTCC Cross Section

Low Temperature Co-Fired Ceramic Multichip Module
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Low Temperture Cofired Ceramic (LTCC) Networks

Thick film printed conductors and resistors
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Multiple conductor planes stacked on each other and interconnected by electrical blind and buried vias

and microvias

Hermetic multiple cavities for integrated circuits

Exterior populated with surface mount components

Several varieties of interconnections for next assembly interface
These networks combine all three hybrid technologies

Thick film processing

Chip and wire assembly

Surface mount attachment

B2. High-Yield Layout

LTCC Network Dimensiona and Parametric Information and Constraints
for aTypical High-Yield MCM Design

(All dimensions are in mils except where noted. 1 mil = 0.001 inch)
Genera Information on FM& T Capabilities
Maximum Part Size (fired) 3.70 x 3.70 inches
Post Fired Dimensional Tolerances
Pre-Fired Sizing = 10%
Post-Fired Sizing + 2 mils
Maximum Number of Layers 50*
* Designer should minimize the number of layers needed.
Camber (mils/inch) 3 typical

Tape Data
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Thetypical shrinkage for the tape from unfired to fired is 13% in the X and Y directions and 15% in the
Z direction. Actual shrinkage is tape lot dependent and is controlled by the design expansion factor.

The tape has three thicknesses in the Z direction which are 4.5 unfired (3.8 fired), 6.5 unfired (5.5 fired),
and 10 unfired (8.5 fired).

2w, 0.
SEgger
3 % 3
| F— f A
[ joT |
| |
1]

Vias, Electrical
Viasizesare 7 and 10 mil diameters. These via sizes are placed in the unfired tape.
The minimum recommended via diameters are approximately 1x the unfired tape thickness.
The minimum via spacing to the design fired edge of the network shall be 3x the via diameter.
The minimum via-to-via spacing within the same tape layer shall be 3x the average via diameter.
The minimum via stagger between tape layers shall be 2x the via diameter.
Stacking of viasis acceptable. Via staggering is recommended for reducing surface irregularities due to

viamaterial shrinkage being different from the tape. See wire bond pad section for special via
reguirements.

Vias, Thermal

Thermal viasizesare 7, 10, and 20 mil diameters placed in an array. A minimum of one layer of via
stagger is recommended for hermeticity. The minimum via-to-via spacing shall be 2x the via diameter.

WA Cack Pad dptoiah e e —

Hewnom
(o —

Mieimam Live Nlidh ——o  |—
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2mlk Larger (wamme
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Conductor Lines, Internal
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The minimum line width shall be 8 mils (fired).
The minimum conductor spacing shall be 8 mils (fired).

Conductor lines connecting to avia shall be 2 milslarger (unfired) than the via diameter. A catch pad
shall be added to support this connection recommendation

Ground/Power Planes

14 mil min.
_,I tipalie_ 20 mil min. Space

Hetwork
Edge

0

The planes shall be a grid pattern using a minimum of 10 mil lines with 15 mil spaces.

Multiple plane within a network shall be off-set or at a different angle pattern from the planes above and
below.

Partial planes are not recommended due to irregular fired shrinkage.
A 20 mil clearance is recommended for any feed-through line, via, and thermal vias.

Plane to network edge spacing of 15 milsis recommended.
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B3. High-Density Layout

LTCC Network Dimensiona and Parametric Information and Constraints
for a Typical High-Density MCM Layout

(All dimensions are in mils except where noted. 1 mil = 0.001 inch)
General Information on FM& T Capabilities
Maximum Part Size (fired) 3.70 x 3.70 inches
Post Fired Dimensional Tolerances
Pre-Fired Sizing = 10%
Post-Fired Sizing = 2 mils
Maximum Number of Layers 50*
* Designer should minimize the number of layers needed.
Camber (mils/inch) 3 typical
Tape Data

The typical shrinkage for the tape from unfired to fired is 13% in the X and Y directions and 15% in the
Z direction. Actual shrinkage is tape lot dependent and is controlled by the design expansion factor.

The tape has three thicknesses in the Z direction which are 4.5 unfired (3.8 fired), 6.5 unfired (5.5 fired),
and 10 unfired (8.5 fired).

ZivE. 0.
Stagqer
IvB iy
b a0k THEDH
L1 I 1
|
B

Vias, Electrical
Viasizesare 5, 7, and 10 mil diameters. These via sizes are placed in the unfired tape.
The minimum recommended via diameters are approximately 1x the unfired tape thickness.
The minimum via spacing to the design fired edge of the network shall be 3x the via diameter.

The minimum via-to-via spacing within the same tape layer shall be 3x the average via diameter.
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The minimum via stagger between tape layers shall be 2x the via diameter.
Stacking of viasis acceptable. Via staggering is recommended for reducing surface irregularities due to

viamaterial shrinkage being different from the tape. See wire bond pad section for special via
requirements.

Vias, Thermal

Thermal viasizesare 7, 10, and 20 mil diameters placed in an array. A minimum of one layer of via
stagger is recommended for hermeticity. The minimum via-to-via spacing shall be 2x the via diameter.

Conductor Lines, Internal

Mirimum Spadng ——3 10mll min.
ﬁ —':-_. =acr kb {_

Wia Cakch Pad (op loral Edge o

—

2 milz Lag er guraned)
e vis plame er

Mirimum pre idh ——3  [—

Mirimum Spadng H‘ —

The minimum line width shall be 6 mils (fired).

The minimum conductor spacing shall be 6 mils (fired).
Conductor lines connecting to avia shall be 2 milslarger (unfired) than the via diameter. A catch pad

shall be added to support this connection recommendation. If higher density is required, catch pads may
be eliminated, but yield may be affected.
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14 mil min.
_’] Hpalie_ 18 mil min. Space

letwork
Edge

i)
TTITIT
TTITIT
TTITIT
TTITIT
TTITTT
M LT
oo OTOoOoOooOoOOn

10 mil Grid Lines on 15 mil Spaces

Ground/Power Planes

The planes shall be a grid pattern using a minimum of 10 mil lines with 15 mil spaces.

Multiple plane within a network shall be off-set or at a different angle pattern from the planes above and

below.
Partial planes are not recommended due to irregular fired shrinkage.
A 15 mil clearance is recommended for any feed-through line, via, and thermal vias.

Plane to network edge spacing of 15 milsis recommended.

B4. Chip and Wire and Cavity Layout
(All dimensions are post-fired, except where noted)

(All dimensions are in mils except where noted. 1 mil = 0.001 inch)

Min/Max Typicd
Dimension

33 0f 57

Figure
[tem
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Network Thickness

LTCC thickness at bottom of cavity

Bond wire length [1]

Wire bond (width and length) [2]

Die mounting pad (width and length beyond die) [3]

Die edge distance to edge of wire bond pad. Minimum or
2X thickness of die (whichever isgreater) ONLY FOR
WIRE BOND PADSON THE SAME LAYER ASDIE
PAD

Wire bond pad via stayout

Die bond pad neck down should conform to conductor
requirements

Bond wire angle from die to network wire bond pad

Wire bond pad spacing

Die to die mounting pad spacing

Cavity depth

First ledge height = Die height +/- 10 for single ledge or

= Die height — 10 for multiple ledges

Distance from die edge to cavity wall

Wire bond pad length (FOR CAVITY DESIGN), B = C-A
Seal ring height (minimum) = Die height (max) —K + M

Where: M — Bond wire loop height + 10 min (20 typical)
for wire to lid clearance (see wire information )

Cavity edge to seal ring (minimum) = H/Tan f

Cavity ledgelengthC = (A + D) + (T/Tan f ) see wire
information

Where: Pad pull back

Bondable pad length

file://N1)/fulltext/f00/096/00096 766/sub/6384blaz.htm

40 min (no
cavity)

40 min
100 max
6 min
5min

20 min

Viadia+ 4

Linewidth
min

30° max
8min
10 min

N/A

10 min
15 min

20 min

20 min

3min

10 min

40

10

10

20

2 X viadia.

10

10

20

30

30
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Bond ledge height LTCC T1& T2
layers
Tool angle 80° Wire bonder f
| J
Sgal I-[I
Fing 0
T1
— K
T2 Die Pad
F P Fam—
T i #
G / Apig T LTCC Metwork
EEE koo L Wire Bond Pad

Fecommended
1l ire Bonding

’—é\ IZI

LR T VR : WWire Bond Fad
e = hie Bond Pd

8 De el——"—3 Die 3 | |oe D
o B e 2 D ; ' :
o o ot Permitted . Die T I _4 i
® guoapapn” . & ¥ire Bond : 1 6 5

- Meck down is to prevent
honding rmaterial runout

4

Wire Information

Wire Material  Bond  Bond pad Wire LTCC Max.
Sizé type  widthand bond cavity current
(mils) length height wall wire
clearance  length
(M) >
(C) 0.040
in.
1.0 Au Ball 10 min 10 min 30 0.65A
1.0 Al Wedge 10 min 10 min 40 0.48A

For other wire and ribbon sizes contact FM&T.
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High Density, Fine Pitch
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- & = llf
B ==
-
o =] '.I
Wire Bond Pad Layout

Cavity and Die Layout Definition Notes

[1] Wire Length. Maximum wire length (bond-to-bond) for high shock or acceleration shall not exceed
80 mils.

[2] Wire Bond Pads. Wire bond pads shall be positioned to prevent bonding wires from crossing over
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semiconductor die, another bonding wire, or exposed conductor line.

A "1" indicator should be placed next to the number one wire bond pad. Thisindicator will aid the
operator during the wire bonding process.

Die-to-die wire bonding is not permitted.
Electrical vias should be located away from the wire bonding area to avoid bonding problem.
For multiple wire bonds, increase bond pad 10 mils minimum in direction of bonding.

[3] Die Mounting Pad. Die mounting pads are used for epoxy or eutectic bonding of back-bonded
semiconductor dice (transistors, diodes and integrated circuits) to the substrate metallization.

When attaching semiconductor dieit isimportant that the correct electrical "potential™ be connected to
the die mounting pad. That "potential” may be voltage, GND or floating condition.

Die Attachment and Wire Bonder Alignment Marks. A "+" mark shall be placed on opposite corners
within the area of the die components and the wire bond pads.

B5. Seal Ring, Braze Pad, and Lid Definition

—4 5eal Ring Width ffF——
T T A El —C L F.
iy SR ID l Lid
CAYITY 2
4 Seal Ring
1 SR O
+i- 2
: Braze Pad
cL
SRIDL+- 2 E
f—————— SRODL+i- 2

LTCC Metwork
Mote: CL= Cavity Length

CU = C awiby Wifidth

Il = Inside Dimension

Ob = Outzide Dimension

(All dimensions
are as fired and are in mils. 1 mil = 0.001 inch)

Seal Ring _
Sedl ring ID length (SRIDL) = CL + 2A + 2B
Seal ring ID width (SRIDW) = CW + 2A + 2B

Where A = 10 min. (20 typical) and B = 10 min. (typical)
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Seal ring OD length (SRODL) = Seal ring ID length + 2 x seal ring width

Seal ring OD width (SRODW) = Seal ring ID width + 2 x seal ring width

file://N1)/fulltext/f00/096/00096766/sub/6384blaz.htm

where seal ring width is 30 milsfor cavity sizes< 1 inch and 50 mils for cavity

sizes>1inch

Seal ring OD radius = 30 and ID radius = 20

Note: A large cavity will require alarger seal ring width.

Braze Pad

Braze pad ID length = Seal ring ID length — 2B
Braze pad ID width = Seal ring ID width — 2B
Braze pad OD length = Seal ring OD length +2F
Braze pad OD width = Seal ring OD width + 2F
where F = 10 min. (15 typical)

Braze pad radius should be the same as the seal ring
Lid

Lid length = Seal ring OD length — 2E

Lid width = Seal ring OD width — 2E

where E = 10 min (typical)

Lid radius = same as sedl ring

Lid thickness = 10 min. if lid width or length is

lessthan 0.70 in. and 15 mils min. for larger openings

Lid Solder Preform

Solder ID length = Seal ring ID length + 2C
Solder ID width = Seal ring ID width + 2C
where C =5 min. (typical)

Solder OD length = Lid OD length
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Solder OD width = Lid OD width

Solder preform thicknessis 3 +/- 0.3 (typical)

B6. Thick Film Resistor Layout

Thick Film Resistor Definition -- External

There are three basic considerations in designing a thick file resistor: 1) the resistance value; 2) the
power dissipation required; and 3) the allowable resistance tolerance. The resistor value is influenced by
its length-to-width ratio, and the power dissipation is a function of the resistor area.

All resistors that are to be trimmed to value must have associated probe pads. Other resistors that do not
require trimming should still have associated probe pads, since such resistors still must be probed to
check if they are within specified resistance limits.

When the schematic design includes parallel resistors (for example, resistor loops), a break in an
associated network conductor line shall be provided to establish independence among such resistors for

trimming. The break is closed later during assembly by bridging with a bond wire.

Resistor material is available in decade values of sheet resistance and they are: 10W/ [0, 100W/ [J,
1,000W/ O, 10,000W/ O, 100,000W/ O, and 1MW/ [I.

Power dissipation is afunction of the resistor area. For high reliability applications and to compensate
for resistor trimming, such resistors shall be designed with a power density rating of 25 W/sg. in.

A formulafor calculating the minimum width of aresistor, given the power dissipation required, isas
follows:

Wheree W=0O(P x Ps) / (D x R)

R = Resistor value (KW)

P = maximum power dissipation in resistor (m\W)

D = power density rating of system (W/sqg. in.)

Ps = sheet resistance of resistor material (W/ )

W = minimum resistor width (mil)

Thick film resistors are trimmed to value. The trimming operation can only provide an increase in
resistance. All resistors that must be more precise than 35% shall be designed to 70% of their desired
final value.

For resistors that require atolerance of + 5% to + 1%, the following design constraints should be

observed:
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e Minimum dimension is 0.050 in.
e Minimum resistor value is 50W

e Maximum resistor length-to-width ratios are 5:1 to 1:5; that is, the length can be as much as 5
times the width or as small as 1/5 the width.

Caution: Very large and very small resistors may not necessarily abide by the theoretical formulafor
determining resistor values.

Resistance = Published Sheet Resistance x L ength

Width

(All dimensions are post-fired and arein mils. 1 mil = 0.001inch)

M in/M ax Typicd Figure
Dimension
[tem

Resistor length 25 min 50 1
Resistor width 25 min 50 2
Resistor to pad overlap 10 min 10 3
Pad beyond resistor width 5min 10 4
Pad beyond resistor end 5min 10 5
Probe pad (length and width) 20 min 30 6
Nearest conductor 15 min 15 7
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==

Printed
Resistor

-

—/

)

B7. Surface Mount Layout
(All dimensions are post-fired, except where noted)

(All dimensions are in mils except where noted. 1 mil = 0.001 inch)
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Chip bond pad [1]

Chip pad width

Pad beyond chip width (max width)
Pad beyond chip end (max length)
Chip to pad overlap

Chip pad-to-chip pad spacing

LCC Mounting pads 2]
Pad width
Pad length beyond L CC package

Nearest conductor

Triple PtAu for all solder pads
First PtAu print

Dielectric window

Second PtAu print

Third PtAu print

42 of 57
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Min/Max Dimension Typical  Figure

Item

35 1
5min 10 2
5min 10 3
12 min 20 4
10 min 10 5

SameasLCC

20 min 20 6
10 min 7

As defined minus 2 mils (all sides)

Opening is 2 mils overlap on first print (all
sides)

Asdefined
Asdefined

3/14/01 3:10 PM



Multichip Module-Ceramic file://N1|/fulltext/f00/096/00096766/sub/6384blaz.htm
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_ﬁ@ solder t
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1
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LEC Triple Print for Solder
Py () ST ined 3rd PtAu
2nd PtAu
e ctric
LTCC Network 15t Pau

Surface Mount Layout Definition Notes
[1] Component Solder Pads. When circuits are to be assembled using solder techniques, the conductors
that receive solder shall be triple-printed. This triple printing makes subsequent soldering operations less
critical and provides for enhanced conductor adhesion.

Components requiring orientation should include a notch, where possible, on one component solder pad
to aid part installation.

Use nominal component dimensions when designing solder pad geometries. Pad sizes are designed to
accept component variations from nominal.

Components with length greater than or equal to 200 mils should use the typical pad dimensions or
larger.

Both pads should be the same dimensions to minimize the possibility of component misalignment during
the soldering operations.

Chip resistors and capacitors with a package size less than 0603 will affect product yields.
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[2] LCC Mounting Pads. It isimportant to obtain an accurate representation of the LCC metallization
pattern.

A "pin one" indicator for an LCC on the substrate is typically alonger solder pad. This uniqueness will
aid the operator during the assembly process.

SMT Pick and Place Alignment Marks. A "- " mark will be placed on opposite corners within the

area of the SMT components. The "- " is a 30 mil diameter circle

Surface Mount Package Pad Definitions. See IPC Standard SM782 or www.IPC.org for typical pad
configurations.

Appendix C

MCM-C Examples

MCM-C, 2.24 x 2.24 in.; 32-layer LTCC network; 800 MHz clock frequency; 12,103 electrical vias,
thermal vias; 11 silicon and GaAs ICs; 637, 1-mil gold wire interconnections; hermetically sealed active
chip components
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MCM-C, 2.0x 2.0in.; 16-layer LTCC network; electrical and thermal vias, hermetically sealed ASIC
and other active chip components; AIN TKN chip carrier; passive surface mount components; PGA pins
for next assembly interface

MCM-C, 0.676 x 0.676 in.; 6-layer, 2-sided LTCC network; 7-mil electrical vias; hermetically sealed
active chip components with 1-mil gold wire interconnections on one side; passive surface mount
components on opposite side; J-leaded edge clips for next assembly interface
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MCM-C, 0.870 x 0.780 in.; 6-layer, 2-sided LTCC network; 7-mil electrical vias; hermetically sealed
active analog and digital chip components with 1-mil gold wire interconnections on one side; passive
surface mount components on opposite side; J-leaded edge clips for next assembly interface

Appendix D
MCM Reference

Design Specifications for Manufacturability
of MCM-C Multichip Modules

Design Specifications for Manufacturability of MCM-C Multichip Modules
Roy Blazek, Jay Desch, David Kautz, and Howard Morgenstern
AlliedSignal Federal Manufacturing & Technologies®
P.O. Box 419159
Kansas City , MO 64141-6159

Phone: 816-997-4901; Fax: 816-997-3297
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Email: rblazek@kcp.com
Abstract

A comprehensive guide for ceramic-based multichip modules (MCMs) [1] has been developed by
AlliedSignal Federal Manufacturing & Technologies (FM&T) to provide manufacturability information
for its customers about how MCM designs can be affected by existing process and equipment
capabilities. This guide extends beyond a listing of design rules by providing information about design
layout, low-temperature cofired ceramic (LTCC) substrate fabrication, MCM assembly, and electrical
testing. Electrical, mechanical, packaging, environmental, and producibility issues are reviewed.
Examples of three MCM designs are shown in the form of packaging cross-sectional views, LTCC
substrate layer allocations, and overall MCM photographs. The guide has proven to be an effective tool
for enhancing communications between MCM designers and manufacturers and producing a microcircuit
that meets design requirements within the limitations of process capabilities.

Key Words: Multichip module, Multichip module ceramic (MCM-C), LTCC substrate, manufacturability

Introduction

The development of MCMs using LTCC substrates is a continuing effort by AlliedSignal FM& T to meet
future microelectronic packaging designs. The complexity of these MCMs requires that concurrent
engineering methods be used to decrease overall project flowtime. Future electronic systems will require
the cofired ceramic MCM technology for the higher performance, smaller volume, faster speed, lighter
weight, and higher density that cannot be provided by traditional hybrid microcircuit and printed wiring
board technologies.

In order to meet a customer’s electronic system design requirements, a close relationship must be
developed between designers and manufacturers so that the microcircuits required for these electronic
systems can be designed, packaged, and tested within the required cycle time, process yield, and cost
constraints. Design guides had been developed for earlier hybrid microcircuit (HMC) production, but
redesign and rework resulted when designers stretched to incorporate functional characteristics that
exceeded the HM C process equipment and technology limitations.

The developers of the MCM-C technology realized that a more comprehensive design guide was required
to transform complex MCM designs into producible microcircuits. As a result, the Design Specifications
for Manufacturability of MCM-C Multichip Modules was created as part of a Total Quality initiative. Six
sigma manufacturing quality levels can be achieved only if six sigma designs are developed by focusing
more attention at the front end of the design-manufacturing cycle.

The Design Specifications for MCM-C Multichip Modules is a 73-page document that includes electrical,
mechanical, environmental, testing, packaging design, and MCM producibility requirements and
considerations for ceramic MCMs. A review of deliverables includes drawings, documentation, and
computer-automated design (CAD) files. Seven appendices include material properties, CAD checklists,
substrate, assembly, and testing effects on design, component procurement, and MCM-C design
examples.

Customer Requirements
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The MCM-C development process sequence includes the customer requirements, MCM design, LTCC
substrate fabrication, MCM assembly, electrical and environmental testing, and delivery. The knowledge
needed to define a complete MCM package may be provided by the customer, but more likely a
concurrent effort between the MCM design team and the customer will be required to develop all of the
necessary information. The type of ceramic MCM available at AlliedSignal FM&T is a microelectronic
assembly composed of standard and custom-designed integrated circuits and surface mount components
that are attached to a multilayer, high density, three-dimensional, interconnected substrate. Some of the
electrical, mechanical, environmental, and testing requirements that will be required by the design team
to manufacture this type of MCM include the following:

e Electrical requirements

e functional block diagram,

e schematic, and

e electrical interfaces,

e interconnect impedances, terminations, loads, and bandwidths.

e Mechanical requirements

e size of the MCM,

¢ heat transfer, and

e mechanical interfaces;

e pin or lead geometry and location,

e attachment material composition and next assembly processing conditions,

e encapsulation materials, and

¢ |ocation of thermal pathways.

e Environmental requirements

e operational shock and vibration,

e thermal,

e hermetic,

e atmosphere, and

e storage and transportation.

e Testing requirements
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electrical,

temperature,

burn-in, and

shock and vibration.

In addition to MCM performance, other customer requirements include documentation, cost, quantity,
schedule, and quality. Since these items are interrelated and invariably require trade-offs, the design team
can most effectively analyze and communicate such trade-offs by first understanding the customer’s
prioritiesin these areas.

Packaging Design Requirements

The success of an MCM project is directly related to the concurrent efforts between the customer and the
design team. The design team includes representatives from electrical, LTCC substrate, MCM assembly,
drafting, testing, quality, and manufacturing areas. Packaging design requirements include electrical
design and testing, LTCC substrate fabrication, and MCM assembly. The design team and customer must
have complete knowledge of the capabilities and interactions of all of these areas in order to obtain a
manufacturable design. An MCM producibility assessment is performed before the design is committed
to manufacturing.

Electrical Design and Testing

The electrical design of the MCM must produce the schematic definition inclusive of all component
symbols, signal input/output (I/0) definitions, and signal timing relationships or event sequences. This
design cannot be considered complete until some degree of design testing is successfully conducted, such
as the use of simulation and analysis tools and/or actually breadboarding the design and testing for
correct functionality.

Once the electrical design has been completed, implementation techniques must be identified that ensure
the required electrical performance. Issues to be resolved include power distribution (voltage, current,
grounding) and signal integrity (isolation, controlled impedance interconnects, dielectric effects,
propagation delay, MCM 1/O launch). The product of this effort should be layout and routing rules, a
preliminary layer stackup, dielectric tape selection, and a concept for 1/0 interconnect to the user system.
Module electrical testing and troubleshooting should be considered early in the design so that additional
test points are incorporated.

A thermal analysis is dways in order for any MCM design. The basic goa of thermal analysis is to
minimize the thermal impedance between the semiconductor die surface (where active, heat-generating
junctions are located) and the outer surface of the MCM (where the heat transfer to the environment or to
the user system occurs).

Before finalizing the LTCC substrate layout, the design team must verify the electrical and thermal
management designs. This verification avoids increased cost and production delays that result from
inaccurate definition. Table 1, which appears in the MCM-C manufacturability guide, provides the
design team with a checklist to support the initial phase of the design.
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Table 1. LTCC Substrate Pre-Routing Checklist

Verification
Schematic vs. draft schematic
Electrica netlist file vs. schematic

Components CAD definition vs. component
definition

Considerations

Controlled impedance conductor lines
Propagation delay

High current conductor lines

Isolation, shielding and cross tak
Thermal management

Die backside metallization and potential
Printed resistors

Verify each resistor value

Power dissipation for each resistor
Low resistance paths to low value resistors
Probe pads for resistor trimming

Place all resistors for active trimming on
one side of substrate

Provide opening in all resistor loops
Design definition

Electrical interface

Mechanical interface

LTCC layers (number, planes and XY runs)
LTCC cavity (features and components)

Manufacturability
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Substrate considerations reviewed with
engineer

MCM package considerations reviewed
with engineer

Testability

Requirements reviewed with test equipment
engineer

Test nodes defined for key signals

LTCC Substrate Fabrication

The substrate design/layout and assembly are the concluding processes in the MCM design where all of
the customer requirements, the manufacturing process capabilities, and the remaining design trade-off
options are merged together to create the final MCM package definition. The process of creating the
package definition aso defines the substrate features due to the nature of the technology. LTCC
substrates can serve as both the interconnecting network and the module package.

MCM thermal characteristics are often dominated by the substrate characteristics. One factor impacting
substrate thermal performance is the thickness of the substrate beneath the heat dissipating devices. By
placing these devices in cavities, substrate thickness can be reduced. An illustration of the cavity layout
is shown in Figure 1. The minimum and typical dimensions of the substrate and cavity are shown in
Table 2. All substrate dimensions are post-fired conditions and are in mm except where noted. The

substrate cavity parameters include cofired package thickness, LTCC thickness at the bottom of the cavity, cavity depth, ledge
height, distance from die edge to cavity wall, seal ring height, cavity edge to seal ring, and cavity ledge length.
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Figure 1. Cavity Layout Definition

Table 2. LTCC Substrate Cavity Parameters

Minimum  Fig.

1
or Typica
Dimension Item
(mm)
Cofired package 1.52 min P

thickness
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LTCC thickness at
bottom of cavity

Cavity depth

First ledge height =

Die height + 0.5 for single
ledge or Die height -0.25 for
multiple ledges

Distance from die edge
to cavity wall

Wire bond pad length
(FOR CAVITY
DESIGN). B=C-A

Seal ring height (min)
= Die heght (max)
-K+M Where:
M=Bond wire loop
height + 0.25 (min) for
lid clearance

Bond wire loop height
for 0.025 Au wire

Bond wire loop height
for 0.127 Al wire

Cavity edge to sed
ring (Minimum) =
H/Tant

Cavity bond pad ledge
length
C=(A+D)+(T/Tan ¢ )

Bond pad pull back
Bondable pad length

Bond ledge height =
Number of LTCC

Iayers - layer's post-fired
thickness

Tool Angle for wire
bonder

1.02 min

NA

NA

0.25 min
0.50 typ

0.38 min

0.50 min

0.25typ

0.76 typ

0.50 min
0.76 typ

0.76 typ

0.08 min

0.25 min

NA

70
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The LTCC substrate thicknesses shown in Table 2 were established to ensure that the substrate will have
adequate package strength. The tightest dimensional tolerance on the contour of the substrate can be held
if the substrate is rectangular. Arcs, keyways, and irregular shapes are possible but not with tight
tolerances because they are cut before firing. Substrate layer allocation is related to the designed
thickness of the part and the electrical functionality assigned to each layer.

Voltages and grounds are distributed to the components by metal planes designed into specified substrate
layers, one plane for each voltage and ground. Each plane is typically composed of metal printed on the
specified layer in a cross-hatched pattern. An adequate number of substrate signal layers must be defined
so that all of the MCM interconnections can be successfully routed. Signal layers are normally defined as
a pair of two conductor layers where one layer is used to route traces primarily in an X direction while
the traces on the other layer are routed primarily in the Y direction. This orthogonal routing technique
tends to reduce coupling between layers and retain planar external surfaces.

The manufacturability guide provides a recommended width for internal traces. Wider traces are possible
for unique signa properties, but the designer is advised that traces with lesser widths can reduce
substrate yield. A recommended diameter for internal electrical viasis specified in the guide. Larger via
diameters are possible, but the ratio of the via diameter to tape thickness becomes critical. Smaller via
diameters are possible, but forcing the ink into the smaller via becomes more difficult, and the substrate
yield is reduced. Guidance is provided for minimum spacing between electrical vias and for staggering
vias every two layers. Thermal vias are treated separately from electrical vias, and spacing and diameter
requirements are provided.

A six-page appendix in the MCM-C manufacturability guide provides LTCC substrate information and
constraints on design. Information in this appendix includes a conceptual substrate cross-section and
layer allocation; substrate dimensional and parametric information and constraints for atypical dielectric
tape, typical paste properties, seal ring, braze pad, and lid definition; and a substrate specification
summary.

MCM Assembly

A definition is required for each unique component to be used in the MCM design. The component
characteristics which are essential for proper MCM design include the length, width, and thickness
dimensions for each component. Information about bond pad dimensions, pitch, and materia
composition is required for layout and assembly. A die bond pad layout showing the location of all bond
pads with meaningful names is required. This information could be in the form of a die photograph or a
scaled drawing. Knowledge of the die technology is required to establish appropriate assembly, handling,
and testing processes. Die technology includes semiconductor material, logic type, and information on
die passivation.

Die attach techniques dramatically impact the thermal impedance between the semiconductor die and the
LTCC substrate. Electrically conductive and nonconductive epoxies and thermoplastic adhesives are
used for die attachment to provide MCM rework capability. Information regarding the semiconductor die
backside metallization is required as it impacts die attach options. Knowledge of the semiconductor die
backside potential is required so that the die attach pad may be connected to the proper voltage or
allowed to float. As in the case of die attach, passive component attachment techniques and material
selection can be critical to the thermal performance.
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Die components should be placed on the substrate to provide adequate room for attachment and
connection. Components should be placed and oriented for the shortest trace interconnect lengths. The
interconnect length of high-speed signal traces requires particular attention. After each die has been
attached to the substrate, it must be electrically interconnected to the substrate. This interconnect is
accomplished with wires bonded between appropriate die and substrate bond pads. The
manufacturability guide shows specific physical limitations for substrate bond pad size and spacing, wire
lengths, current carrying capabilities, and rework procedures.

Surface mount components are usually leadless chip carriers, chip resistors, or chip capacitors.
Interconnect traces for these components are typically located on interna layers of the substrate. The
surface mount pads that are used for attaching these components must be triple-printed to prevent solder
leaching. The solders selected for attachment of surface mount components must be compatible with the
substrate metallization and component termination materials. Solder can be applied to the substrate by
screen printing, preforms, or automated dispensing. Component reflow soldering can be done by using
convection or infrared belt furnaces or avapor phase chamber.

Brazing (high-temperature soldering) is used to attach pins or leads and a seal ring to the substrate. The
ability to braze a seal ring to the substrate allows a hermetic die cavity to be formed with the addition of
a lid. Pins or leads are typically used for the electrical interface and mechanical support between the
MCM and the user system. The dimensions of these parts must be defined. Several constraints and
recommendations on the design of a seal ring, its braze pad, and the companion lid are shown in the
manufacturability guide.

A 16-page appendix in the MCM-C manufacturability guide provides assembly information and
constraints on design. Information in this appendix includes an assembly drawing checklist; cavity and
component layout definition; surface mount layout definition; substrate pin, lead, and seal ring
attachment; die attachment; wire bonding; gold ribbon bonding; sealing and leak testing; and surface
mount assembly. Assembly and rework limitations are shown for each process with descriptions of
materials, process times and temperatures, and available equipment.

MCM Producibility

When an MCM design is completed but before it is committed to manufacturing, a final assessment of
the producibility must be conducted. This assessment is the culmination of an on-going producibility
assessment which should have been occurring throughout the design process.

The producibility of the design can be influenced by the availability and quality of the pieceparts,
particularly die components such as Application Specific Integrated Circuits (ASICs). Unlike packaged
components, when a die is incorporated into the design, it is not readily replaceable with a functionally
identical die from another supplier. Even if die quantities are expected to be available, additional die
testing may be required to ensure die quality (known good die) prior to assembly; otherwise, excessive
die replacement rework will be inevitable.

The ability to manufacture an MCM design must not only address the availability of those processes and
equipment directly related to the assembly of the MCM but also the processes and equipment required to
produce all parts of the MCM such as the LTCC substrate. While all processes and equipment may be
available, acceptable producibility must also permit an achievable assembly sequence that provides die
protection, cleanliness, and decreasing process temperatures with subsequent processing steps.

54 of 57 3/14/01 3:10 PM



Multichip Module-Ceramic file://N1|/fulltext/f00/096/00096766/sub/6384blaz.htm

MCM Examples

The manufacturability guide includes three design examples; this paper will only describe two. The
processor module (PM) is shown in Figure 2, which isa5.08 X 5.08 cm package with 165 PGA pins for
electrical interface. This module performs all the processing and decision-making functions as part of a
controller system. A surface mount read only memory (ROM) provides capability to define the module’'s
task.

Figure 2. PM with Open Cavity

Figure 3 shows the cross-sectiona view of the cavity area of the processor module. Some of the PM
features are a two-tiered wire bondout cavity for the large digital ASIC, a sixteen-layer low temperature
cofired ceramic substrate, and a high thermal conducting thick film aluminum nitride diode chip
subcarrier with thermal vias.

Figure 3. PM - Package Cross-Sectional View

Figure 4 shows PM layer alocation. The substrate thickness will be based on the mechanical
requirements of the substrate and its physical features including those layers which form the die cavity.
The electrical functionality of the substrate layers will be assigned based on the number of ground and/or
power planes required and the electrical interconnect density of the signa layers.
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Figure 4. PM - Substrate Layer Allocation

The input/output module (IOM) is shown in Figure 5, which isa 5.08 X 5.08 cm package with PGA pins
for electrical interface. This module performs the input level shifting for eight lines and provides output

drives.

Figure 5. IOM with Open Cavity

Figure 6 shows the cross-sectional view of the cavity area of the input/output module. Some of the
features are an analog ASIC, an eight-layer low temperature cofired ceramic substrate, and a high
thermal conducting thin film aluminum nitride FET subcarrier with staggered thermal vias.
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Figure 6. IOM - Package Cross-Sectional View
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Conclusions

The development of Design Specifications for Manufacturability of MCM-C Multichip Modules resulted
with an effective reference for creating complex ceramic MCMs within the limitations of the LTCC
substrate fabrication, MCM assembly, and electrical testing capabilities. By improving the customer
knowledge of the overall process and technology effects on design, the producibility of the MCM was
increased before manufacturing was initiated. By involving the customer in the overal
design-manufacturing process, design changes and rework could be reduced, and packaging and testing
yields could be increased. Adherence to the design rules in the manufacturability guide is expected to
produce MCM designs that lead to optimum substrate, assembly, and testing yields and MCMs that can
be delivered on schedule at a reasonable cost. This manfacturability guide is expected to expand as the
technology and more complex designs evolve, and as new, higher-capability packaging and test
equipment develop.
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