Ceramics Interconnection Initiative
Technology Roadmap 2002 &
Challenges for Future Growth

Vice President Howard W. Imhof
(MIDAS Vision System, Inc.)

-03 -






££ MIDAS

aa— V 1 S 1 O Ne

IMAPS-CIi 2002 Roadmap
&
Challenges For Future Growth

Nepcon Korea 2003
Atlantic Hall, COEX, Seoul, Korea
April 9, 2003

Howard Imhof - Vice President Marketing
MIDAS Vision Systems, Inc.
Chairman of IMAPS-CIl Technology Roadmap Committee

Frank Marangell — Vice President Sales
MIDAS Vision Systems, Inc.

@ 2003 MIDAS Vision Systems, Inc. Company Confidential

Overview

Sections:
1. IMAPS — NEMI 2002 Technology Roadmap
2. The Multi Layer Ceramic Markets

3. Yield Management in Multi Layered Co-Fired Ceramics
Production
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IMAPS — NEMI 2002 Technology Roadmap
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IMAPS - NEMI ROADMAP - History E==—VISIO0N.

TR

* First Roadmap from IMAPS was released in 2000
— Help from IPC and NEMI

~ Strategy for this edition will be up-dated sections by collective
expertise of Ceramic Interconnect Initiative committee.

- We can only do this with your input!
— Thank You!

Now released!!

The IMAPS 2002 Ceramic Interconnect
Technology Roadmap.

Visit www.midasvision.com to download the IMAPS 2002 Ceramic Technology Roadmap
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IMAPS-CIl Roadmap Commiittee F==% M’Q/q,\%
e Chair: Howard Imhof, MIDAS Vision Systems, Inc.

e Co-chair.  Wayne Johnson, Auburn University
e Contributors:

______________________________

' Dan Amey Dupont

! Peter Bamwell + Hereaus Circuit Materials Division -
'Lfec-i I-Da-tri- T ADLCorp -------------- :
_Mike Ehlert . National Semiconductor ‘

______________________________
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Ceramic Interconnect Technology EZ=VIsIoN.

Ceramic Interconnect Technology

Thick Film

Courtesy: DUPONT
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What’s Changed in Last 2 Years??

e Ceramic production sheet size has increased
— from 6.5 x8.5"to 12 x16”
¢ “0” shrink green tape
— Available to 18.0X18.0 inches and larger
¢ Advances in Photo Processed Materials
— Reduce dimensions and layer count
— Line definition to 25 microns.
* Renewed interest in Aluminum Nitride ceramic
— With compatible material set.
¢ National Institute for Standards and Technology and University
involvement
— Standard Measurements for Loss Tan data at high frequency.

e Low Temperature Co-Fired Ceramic has demonstrated
capability for MEMS architecture.
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Mi (m\'echnoloqy

Tymg together MCM’s, SoC, SoP, and SiP
System-{N-Package X

MCM + SoC + 3D package .

Substrate is interconnect,

has multi-1/O, is passively
integrated & is the package

Packaging provides high
value-add, becoming part
of the system

N

Electrical, optica
cnwmnmm :

rather than value-
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Attributes for Enabled Packaging
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VISION::

Packaging must address requirements beyond structural ...

*Provide interconnect

Courtesy: C-MAC MicroTechnology — a Solectron Company
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*Support Multiple /O

— Environmental
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‘Z’ is not Imaginary in Packaging EZ—VISIO
Density Measurements in mm?2 or mms....
* PWB & IC industries: ¢ LTCC - cubic packaging
density = XY use of real estate
XY measurements reflect interconnect only - MHz & GHz friendly
"« Efficient packaging utilizes real estate in the 2’ —Hi-density interconnect
direction
* PWB vs. Ceramic debate(s) — High layer counts
 _same arguments, different decade | ~Embedded capacity
e 5isph e B —UmquesoFeatures ......................
................... e R T
.................. e _Bhndbunedanmhemamas
.................................................................................... :.6i.&;ér.1.s.i.&;;|.l.y.;{;6i;.............4...............
.................................................................................... —Hermetlcny
Courtesy: C-MAC MicroTechnology ~ a Solectron Company - Becomes the package
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LTCC Adaptable & Scaleable Features == Vv 1510 N.

1. Embedded GHz Friendly Elements
2. High Density 3-D Interconnect
3. Advanced Assembly & Packaging

RF ICs

Surface Acoustic Wave (SAW) Filter

Digital and Analog V|

Discrete Devices
(transistors, diodes)

Multilayer Ceramic
With Buried Circuitry
(i.e.., resonators, filters,
capacitors...)

RF Feed through
PLLIC

Courtesy: C-MAC MicroTechnology - a Solectron Company Baseband Processor IC
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LTCC Module Capabilities =

“Integrated laser and
optical modulator

V-] ELECTRICAL

Input/Output
detecto Coax
cable
mbedded inLTCC p 8
g -
Ed

LTCC Fiber

alignmen

groove
Ball grid array . Transimpedance
mounting X amplifier (flip chip)

b Photo detector
array
Embedded passives
(resistors/capacitors)
Fiber Multilayer LTCC  gyicon V-groove
Optic substrate
Input/Qutp
ut Courtesy: C-MAC MicroTechnology - a Solectron Company
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Opto-Electronic System in Package, % MIDAS

- Y | S 1 O No
SiP

LTCC tape layer
Tape layer interconnect w/vias
Next tape layer
Tape layer interconnect w/vias

Embedded resistors
Tape layer with cavities
Tape layer interconnect w/vias
Surface resistors
BGA I/O
Embedded fiber ferrules
Passive add-on elements

Active electrical & optoelectronic devices

Wire bonding
Brazed sidewall Courtesy: C-MAC MicroTechnology ~ a Solectron Company
Hermetic package
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Photo Processes E=— VISIONs
* Processes that reduce dimensions
* result in denser circuits and reduced circuit layer count
L ] .
2 Processes: P— A
ands
*Photo defined or etched corduceer
*Photosensitive Spin Coat Spray Etzh with
Photo resist Ingine/Potassium
Todids
So{g Develop L *
Print (and with Sodium
dry) Paste Carbonate Pigg%;;;; I Sh’resplgtom
. ! 'S 3
with wt&gv ; Dry and Fre Expose to UY Cla(a%?:a
Negath with Photo
Mask ? Positive Mask necessary)
Courtesy of Heracus CMD
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Substrate cost F

Normalised cost

-
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2
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. | B Unit area cost
+ W Cost per length of interconnect
0 50% Fine line coverage cost

Direct Print Photo Sensitive Etched

Courtesy of Heraeus CMD .
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. . . Z£ MIDAS
Comparison of 50 micron Line EZE— VISION.

Courtesy of Heraeus CMD
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Advanced and Packaging Challenges
Short Term — 5 years
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* [mproved Organic Substrates
~ T4 compatible with Pb free soldering processing
~ Increased wire ability at low cost
— Improved dimensional control and lower dielectric loss to support
— Low-cost embedded passive

— Improved planarity and low warpage at higher process
temperatures

— Low moisture absorption

)

RAMIC

© 2003 MIDAS Vision Systems, Inc. c
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Challenges for Ceramics E=—VvisiIoON.

* Design and Simulation software
— Embedded Passive “Library”
— Faster design iteration turn-around
* North American Infrastructure Investment to capitalize on “Killer
Apps”
¢ Reduce cost with Yield Management Solutions
* Equipment set capable of handling large format tape.

* Migration of manufacturing will take capital investment and R&D
out of NA

* Education and retention of engineering and technical resources

© 2003 MIDAS Vision Systems, Inc. Company Confidential
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Key Educational Programs E==—VvIsioN

* IMAPS Educational Foundation
* Auburn University
— Wireless Engineering Degree Program
¢ University of Arkansas, Georgia Institue of Technology
e Packaging Program
* Florida International University and Penn State University
* Marterial Science

...to name a few.

© 2003 MIDAS Vision Systems, Inc. Company Confidential

Business Issues E==—Vvisi

Current downturn has seen significant prototype activity

~ When successful designs reach production volumes it will fuel
recovery.

¢ Significant investment of production fab in China and Taiwan
¢ Paradigm shift in price of laminates from FR4 to high
performance PTFE type for high frequency application make
ceramic more competitive in these applications
* Time to Market issues increase with out-sourcing
— Need to establish supplier relationships at design level
¢ EMS companies pressure passive component suppliers.

¢ Discounting by major distributors has stopped, volumes are
returning at lower unit pricing

* CHi Education Initiative
~ ATWs, Trade Shows, etc.

[}
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Summary EZ—ViIsSiIONs

* MLC is no longer a SCIENCE PROJECT
e MLC is a mature technology with global infrastructure

» Ceramic will continue growth in niche markets

— Demanding performance requirements such as thermal conductivity
and uniform electrical properties over a broad frequency range
{applications proven to 77 GHZ) are required in analogue, digital,
RF and Optical applications.

WE HAVE THE TECHNOLOGY

ADOPT IT!!

© 2003 MIDAS Vision Systems, Inc. Company Confidential

The Multi Layer Ceramic Markets
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Cost Comparison: LTCC v. Organic &=—=visio

Assembly
Substrate /4

© 2003 MIDAS Vision Systems, Inc.

Total Available Market, TAM

Module /8

] .2
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MIDAS
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LTCC is HALF the size, 80% the COST

mLTCC

Organic Substrate

Module Cost
Composition

Source: Ray Brown. IEEE/MTTS2000

Company Confidential
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* Chip Carriers, MCM and Semiconductor Multi Layer Ceramic Packages

MLC Material Processed in Billion Inch?
2002 2003 2004 2005 2008 2007
Asia 18.30 21.05 24.20 30.25 39.33 53.09
USA 0.30 0.51 0.68 0.81 1.20 130
ROW 130 1.63 220 286 4.32 5.53
19.90 2318  27.08 33.92 44.85 59.92
Saurce: Prismark Partners LLC, Japaness MIT), IMAPS, Industry Sources,
P Group, industry A

© 2003 MIDAS Vision Systems, Inc.
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Processed Material

2001 Market Distribution

HTCC

LTCC
Multi Layer Ceramic Material

B Optoelectr. ® ML/ Aerospace 0O PC & Netw ork
0 Autonotive | Telecom
Company Confidential
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Global Market Forecasts s

¢ Passive Integration Components & Modules: 2001-2007

2001 2007

Passive

Passive LTCC Ne]l;zt;rk.

Network Components
2% y Modules

‘ LTCC

- 9%

33%

FR4 Modul
40%

$2.7 Billion USD $5.6 Billion USD

Average Annual Growth = 13%

© 2003 MIDAS Vision Systems, Inc. Company Confidential

Market Drivers &=V |]S]O0N-s

LTCC-based SiP Market

$20,000+
$15,000+
¢ |
= $10,000+
L3
$5,000+
w L) T T L
2002 2003 2004 2005
HLTCC SoC, MEMS Pkg 0O LTCC FO Modules
HLTCC other CJLTCC MCP/MCM
Courtesy: C-MAC MicroTechnology - a Solectron Company
© 2003 MIDAS Vision Systems, Inc. Company Confidential
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Yield Management in
Muiti Layer Ceramic Production

© 2003 MIDAS Vision Systems, Inc. Company Confidential

Managing Production Cost EZ=vVvIsion.

¢ Dramatic drop in manufacturing costs is needed to
achieve and maintain A competitive position in the world.

LTCC Manufacturing Cost Trends
1.2
1.1 1 [ Erraract]
1 0 Forecast
$ 09 O OH
£ o8 .
o 0'7 0O Supplies
S 06 @ Dep
& 0s
w V. 3 Labor
g 4 0O Materials
Q. en
03 o el
0 T - T 1]
1999 2000 2001 2002 2003 2004
© 2003 MIDAS Vision Systems, Inc. Company Confidential
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Yield

££ MIDAS

The Need for Yield Management EZF=VISIO0N.

Yield Deterioration Due to Layers

Influence of individual Layer Defects on Package Electrical Yield % OF
100~ e e o e ey DEFECTS
w Lo
: 1% = LAMINATION
80! ; IN
| 2% | EACHLAYER
o | Example: 10 Layers
% | : 95% yield/layer
@ 5% ,
B Sheet/Layer e ?,'i‘:f; :?:]ad
W 10% | 1 1 1| 9% 95%
0 2 ] 95%  §0%
0 e e e e ¢ et e e ] o
12 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 8 1 L u%  86%
# of Layers 4 —]:' l l —1 wn 8%
5 5% 77%
6 | 1 ] es% 74%
711 1| % 70%
8 1T 1 9% 66%
9 1 95% 63%
10 1 | %% 60%
© 2003 MIDAS Vision Systems, Inc. Company Confidential
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Prevention of Field Failures E=E—VvIsionN.
* Relative Costs of Catching Mistakes
1000+ ’
900
800
» 700
.g 600
5 500
[} o
& 400
300
2001 MIDgS Fi;l:lsl “lt)irty”
orts
1001 pens
0+~ e R Conductor Partially

Printed or Etched

Conductor /,--V-----..-.-------- .
E Residual Conductor - !

Concept Proto Production Field
Courtesy of IBM Stages

Flex Substrate 6r Can Pass Electrical Test.
‘Green Tape’ Sheet | “High Field Fallure Probability”
© 2003 MIDAS Vision Systems, Inc. ~ Semmccccossae-aoo ~cvrqrag-comgantann - -
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MIDAS inspection and repair £2£ MIDAS
modules

¢ Stand-alone Process Modules
¢ Islands of Automation

¢ w/loaders and un-loaders
¢ Complete In-line Solutions

© 2003 MIDAS Vision Systems, Inc. Company Confidential

In-Production Yield Management === v ision.

e Identify Defects and Trends Immediately
* Reject or Repair Defects
¢ Fix the Problems Before Laminating
* Eliminate Added Value to Scrap
¢ With Known Good Circuit Map Reduce Cost of Electrical Test
» Guaranteed Increase Electrical Yields

« Statistical Process Control (SPC)
» Characterize Process Capabilities
¢ Unbiased Feedback to the Operator
» Automated Data Collection

@© 2003 MIDAS Vision Systems, Inc. Company Confidential

-110 -



Ideal Production Control ££ MIDAS
Scrap - Repair - Smart Stack

© 2003 MIDAS Vision Systems, Inc. Company Confidential

Process w/Manual Inspection EE=VIsion,

«Manual Inspection w/o Process Feedback

Conductor

Print Manual

Inspection

Manual MWanual
inspection Via Fill Inspectian

Blanking Via Punching

*Green Tape"

Manuat
Inspection

Trimming &

Post Printing Electrical Tost

Past Firing

Laminating Co-Firing Final Test

© 2002 MIDAS Vision Systems, Inc.
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Yield Management w/AOI

i ]
i\

LAN - Ethernet 10/100 Mb

CADRMIDAS Verify & Repair
CAD Conversion/Template Generation "

Verlly & Repalr

Vesify & Repalr
-

R

‘g“y - - 4

o
Blanking Via Punching _Optial Via Fi Optical Print
LTy e 2342 Inspection w3 i Inspection P o oo
e ¥
- r g
6-—&‘-// -, L :
- - w
& VaNy & Repalr
| ~3
Workstation  Servar &
Templste'SPC/Defect Datsbase
Automated
Cotatng Inspoction
Post Printing Trimming &
Laminating Co-Firing  ‘po FI,.,,Q Electrical Test ¢y aqt

© 2002 MIDAS Vision Systems, inc.
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Data Collection & Report
Generation

Company Confidential

££ MIDAS

¢ Data Collection
¢ Defects
e Excesses
* Voids
¢ Material Shrinkage/Stretch
¢ Screen Stretch
* Registration Verification
* Feature Measurements
* Report Generation
+ Known Good Circuit Map, KGC
» Defect Data - Type, Location, Size

« Measurement - Registration, Line Width, etc

© 2003 MIDAS Vision Systems, Inc.
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Maximized Yields EZ=— VISION.

« MIDAS Automated Optical Inspection, AOl,
Drives Yield Increase

Electrical Yield improvement
Manual inspection { With AGl 97% avg.
|| SugE=)E
z HHHH
> T
8
] —H i HHHH
HHHHE
Lot Si 560(2)03 g 5 6 7 8 9 10 11 12 13:i14 15 16 17 18
ot Size = 50, units LOT #
Actual production numbers [ Midas Vision Systems, Inc.
© 2003 MIDAS Vision Systems, Inc. Company Confidential
Yield Management Results EZ=Vvision.

Incorporating 100% Inspection and Verify & Repair Provides
1. Reduced Cost of Inspection & Supervision

Reduced Scrap Material

Higher Productivity

Lowers Cost of Test

Efficient Production Planning

On-time Delivery to Customers

Increased Quality (Less Field Failures)

N oA~ wN

AOI will make you more competitive
in today’s global market!

© 2003 MIDAS Vision Systems, Inc. Company Confidential
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Thank You

The 63 companies of the
Ceramic Interconnect Initiative
www.imaps.org/cii

MIDAS Vision Systems

www.midasvision.com
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