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Advanced Semiconductor
Engineering, Inc.

Using Deca's Adaptive Patterning™ to win the Chiplet Integration race
with Siemens EDA and ASE
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1. Introductions

2.Background

3.Technology overview
1. Silicon Interposer
2.Embedded Bridge
3. Fan-Out

4. Adaptive Patterning™
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5. Design Study
6. Follow Up Work
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Agenda

1. Introductions 1 Introductions
2.Background

(D DECA

3.Technology overview
Robin Gabriel - Solutions Architect, AP Studio

1. Silicon Interposer

Jan ellar = Sr, Director of Applications & Design
2.Embedded Bridge
SIEMENS
3.Fan-Out Keith Felton - Product Marketing Manager, High Density Advanced IC Packaging
4. Adaptive Patterning™ lan Gabbitas - Applications Engineer, IC Packaging

Introduction

5. Design Study % ASE GROUP

6. Follow Up Work John Hunt - Sr. Director of Engineering, Marketing & Technical Promotion

Lihong Cao - Director, Corporate Technology Development
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2. Background 2 Background
3. Technology overview

1. Silicon Interposer

2.Embedded Bridge

3. Fan-Out

4. Adaptive Patterning™
Introduction

5. Design Study
6. Follow Up Work
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L] -
Adoption Life Cycle
EARLY MARKET THE CHASM MAINSTREAM MARKET
Chiplets
Heterogeneous Integration)
CONSERVATIVES
© TECH ENTHUSIASTS
INNOVATORS EARLY EARLY LATE LAGGARDS
2.5% AD]OSP;:RS MA;qD;:lTY MA;QO:‘IT\' 16%
Source: Crossing the Chasm, Geoffrey A. Moore
* Chiplets are close to crossing the chasm
* Achieving cost-effective high-density integration is key
o B
Deca released for iMAPS 2021
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The Chiplet Integration Race

Key Competition Factors

1. Cost

2. Yield

3. Scalability

1>
Deca released for iIMAPS 2021
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Agenda

1. Introductions

2.Background
3. Technology overview 3 Technology Overview and

1.Silicon Interposer Compal’ison
2.Embedded Bridge

3. Fan-Out

4. Adaptive Patterning™
Introduction

5. Design Study
6. Follow Up Work

1>
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Competitors

Heterogenous Integration Solutions

Traditional Multi-die Flip-Chip Chip-First Face-down Fan-out on Substrate

Diet Die2

Dt e o R e g

" Chip-Last Fan-out on Substrate
Silicon Interposer Die1 Die2

Diet Die2
HNNREENEEEEE HEREERENEEEE

Embedded Bridge Chip-First Face-up Fan-out on Substrate

Die1 Die2
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Competitors

Heterogenous Integration Solutions

Traditional Multi-die Flip-Chip Chip-First Face-down Fan-out on Substrate

Diet Die2

m | RS

— Chip-Last Fan-out on Substrate
Silicon Interposer Die1 Die2

Die1 e
EENNEENEENEN O OO O O

Embedded Bridge Chip-First Face-up Fan-out on Substrate

Die1 Die2

e BT T e e e g
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Competitors
Heterogenous Integration Solutions
Chip-First Face-down Fan-out on Substrate
BN i T
Chip-Last Fan-out on Substrate
Die1 Die2
Die1 Die2
0 I O 0O D O
Embedded Bridge Chip-First Face-up Fan-out on Substrate
Die1 Die2
Deca released for iMAPS 2021.\ﬁ v
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Competitors
Heterogenous Integration Solutions
Chip-First Face-down Fan-out on Substrate
B T T T 1 I
Chip-Last Fan-out on Substrate
Die1 Die2
1 | | - ‘ -
B e
m
Embedded Bridge Chip-First Face-up Fan-out on Substrate
Die1 Die2
.=
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Cost

Normalized in $ per mm?

Cost Comparison
$0.110
$0.100
$0.090

$0.080

Actual Cost
(36mm x 36mm device)

$0.070

$0.062
$0.060
Ideal Cost
$0.050 (100% utilzation) Desired Range

$0.040 (0.75 to 1.5 cents/mm?)

Cost per sq. mm (USD)

$0.030
$0.020
$0.010

7nm - 300mm Si Interposer - 300mm Bridge chips - 510 x 515mm Fan-out - 300mm Fan-out - 600 x 600mm

= $ per mm (if 100% utilized) = $ per mm (actual for 36 x 36mm device)

One cent ($0.01) per mm? key target for mainstream (mass market) chiplet adoption

b B
Deca released for IMAPS 2021
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Scalabili ty
Minimum Die Pad Pitch Supported
o (Eu F'|I|e:r M-Series Gen 1 Embedded Bridge Chips M-Series Gen 2
(fip.chip on substrate) (Chips first fan-out) (EMIB Roadmap)* (Chips first fan-out)
. . . . . .
. . . . .
. . . . . .
. . . . .
. . . . . .
. . . . .
. . . . . .
. . . . .
. . . . . .
. . . . .
. . . . . .
. . . . .
. . . . . .
. . . . .
. . . . . .
. . . . .
. . . . . .
. . . . .
. . . . . .
Flip Chip Cu Pillar: Gen 1 (Production): EMIB Roadmap* Gen 2.1 (2021 roadmap):
Die pad pitch: 100 ym Die pad pitch: 45 um Die pad pitch: 36 um Die pad pitch: 20 ym
Custudsize (A 40 um Cu stud size (A): 30 um Enclosure (C): 7.5 um Custud size (A): 12 ym
Via size (B): 20 ym Via size (B): 15 um 3. - Via size (B): 6um
Enclosure (C): 10 ym Enclosure (C): 7.5 um 10 per. mim 208 Enclosure (C): 3pm
EMC height (D): 25 um EMC height (D): 25 um EMC height (D):
10 per mm?2: 10 per mm?2: 492 et 10 per mm?2:
BN
Deca released for iMAPS 2021
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Competitors

Heterogenous Integration Solutions

Chip-First Face-down Fan-out on Substrate

Dt e o R e g

Chip-Last Fan-out on Substrate

Die1 Die2

Embedded Bridge

Die1

Chip-First Face-up Fan-out on Substrate

Die2

T T e s T T T —

1>
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Competitors

Heterogenous Integration Solutions

Chip-First Face-down Fan-out on Substrate

Dt e o R e g

Chip-Last Fan-out on Substrate

Die 1 Die2
- - .

”me‘ﬂlﬁ’

Embedded Bridge Chip-First Face-up Fan-out on Substrate

Die1 Die2

B T B A R R B R
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Chip-First Face-down Fan-out on Substrate

Yield - Planarity

Chip-first face-up

g
N

QA LAB WD1S.7mm 15.0kV x1.Sk 2

1>
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Competitors

Heterogenous Integration Solutions

Embedded Bridge

Die1 Die2

17

Chip-First Face-down Fan-out on Substrate

T T T B

Chip-Last Fan-out on Substrate

Die1 Die2

Chip-First Face-up Fan-out on Substrate

o>
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* Provides an opportunity to integrate known-good die (KGD) onto a known-good substrate
* Viewed as a simple extension of traditional substrate technology using solder chip-attach
 In practice, significantly more complicated than the traditional flip-chip laminate process with addition of a temporary
carrier, RDL build-up, chip attach, molding, and carrier removal
* Additionally, high precision low-throughput thermo-compression die attach is typically required
* The solder-metal interface required for flip-chip bumping adds electrical discontinuities in the signal path
T P == ) o ) Beeredne
Chip Last Fan Out
. . Trace & Pad Flip Chip &
Wafer Bumping Wafer Dicing Formation Molding Hewierso
*Courtesy of ASE
=
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Competitors

Heterogenous Integration Solutions

Embedded Bridge

Die1 Die2

19

Chip-First Face-down Fan-out on Substrate

T T T B

Chip-Last Fan-out on Substrate

Die1 Die2

Chip-First Face-up Fan-out on Substrate

5/14/2021
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Competitors
Heterogenous Integration Solutions
Chip-First Face-down Fan-out on Substrate
BN i T
Chip-Last Fan-out on Substrate
Die1 Die2
Embedded Bridge Chip-First Face-up Fan-out on Substrate
Die1 Die2
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Yield
The Die Shift Problem - #1 Concern
Designed position (nominal)
Actual position
(with chip-attach tolerance & mold displacement)
Die placement tolerance
1. Di | ment off X, Y, & rotation (relative to nominal)
e placeme t offset Mold displacement
(during compression molding process)
Actual position
2. Displacement during moldin, i i i P e DD
p g g Designed position (nominal) o e e e e e
o900 0O oo 00O
Die shift is the displacement from L 2L LR LA L L
designed position to actual o0 900 (30 B N N N J
position o000 L B B N
L B 3 B N (3L N N N N
D;e shift u;cluldescomb]ne o090 0SO® (N NN N
Sl Gy cecsssscccnss
L N N N (N N N N N
o909 0O L B B N N
LB N N N (0 B M B
L B A B L B B
s
Deca released for iMAPS 2021
22
Die Attach Capital Cost
(6x6mm Package, 11 panels per hour on 600mm)
$100.000 Production Capacity
@ 3 k panels per month
7 - $80.000 35 million units per month
8 € $60.000
S .
T $40000 With
a Adaptive Patternin
§ $20.000 - P e
$0.000 |
+3um - 2k UPH High Accuracy Moderate Accuracy

Capital for Conventional Fan-out Line

Capital cost with high precision die attach

%
%
5 0%
i1
§ 2%
3 10%
o
o
o Ly
P
o
Desrach PO AN ECD  Ume

Pareto of top five capex items.

Capital for M-Series Fan-out Line

Capital cost with Adaptive Patterning™

Chip Attach Equipment Options

Very high +3um @ 30 $1.4M | 2,000 CPH
accuracy

High +8um @ 30 $0.9M 5,000 CPH
accuracy
Moderate + 15um @ 30 $1.3M | 22,000 CPH
accuracy

Adaptive Patterning enables an
effective + 3um @ 3o performance

using the 22,000 CPH machine

10X reduction in highest capex process with Adaptive Patterning o 55

Deca released for iIMAPS 2021
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Scalabilit
InFO bond pad M-Series with Adaptive Patterning
(Latest Gen) (Gen 1)
e via contact
SR Adaptive Fattemng
Small via
contact area
*“Dimensions estimated by independent consultant
Small via - Large via
- filmited by die shift -
= withaur AF) .
- " Custudsize
“ Large Cu capture pad (o need for extra Cu laver)
PRY {extra ayer added fo Cu std) 15um
12
30 pm
50 pym {Cu Stud)
(Extra capture pad}
o B
Deca released for IMAPS 2021
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Competitors

Heterogenous Integration Solutions

Embedded Bridge

Die1 Die2

Chip-First Face-down Fan-out on Substrate

Chip-Last Fan-out on Substrate

Die 1 Die2
- - .

v

Chip-First Face-up Fan-out on Substrate

2t o e e

1>
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Agenda

1. Introductions

2.Background

3.Technology overview
1. Silicon Interposer
2.Embedded Bridge
3. Fan-Out

4. Adaptive Patterning™ 4  Adaptive Patterning

Introduction
5. Design Study
6. Follow Up Work

Deca released for iIMAPS 2021
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Adaptive Patterning

Design

q

W PM1 (PVIAT)
W UBM
CuPPI (PRDL1)

| i Ol
.’ .._._ _.. . . o .. . W P2 (PUBV)
{ ° i

O Die 1 Shadow
i 3 Die 1 Shift Region (SR)
i i i : 0] Die 2 Shadow
E = : S ©; Die 2 Shift Region (SR)
7 Adaptive Route Region (ARR)

Deca released for iIMAPS 2021
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Adaptive Patterning

Die Shift

Die movement

27

PM1 (PVIA1)

usmMm

GuPPI (PRDL1)

PM2 (PUBV)

Die 1 Shadow

Die 1 Shift Region (SR)

Die 2 Shadow

Die 2 Shift Region (SR)
Adaptive Route Region (ARR)

<>
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Adaptive Patterning

Die Shift

Die movement

28

PM1 (PVIA1)

usmMm

GuPPI (PRDL1)

PM2 (PUBV)

Die 1 Shadow

Die 1 Shift Region (SR)

Die 2 Shadow

Die 2 Shift Region (SR)
Adaptive Route Region (ARR)

<>
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Adaptive Patterning

Adaptive Alighment

| PM1 (PVIAT)
B UBM
GuPPI (PRDL1)
W PM2 (PUBV)
O Die 1 Shadow
3 Die 1 Shift Region (SR)
O Die 2 Shadow
; Die 2 Shift Region (SR)
7 Adaptive Route Region (ARR)

Pattern is adaptively alighed to new die position

Deca released for iIMAPS 2021
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Adaptive Patterning

Adaptive Alignment

| PM1 (PVIAT)
B UBM
GuPPI (PRDL1)
W PM2 (PUBV)
O Die 1 Shadow
3 Die 1 Shift Region (SR)
O Die 2 Shadow
; Die 2 Shift Region (SR)
7 Adaptive Route Region (ARR)

Pattern is adaptively alighed to new die position

Deca released for iIMAPS 2021
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Adaptive Patterning

Adaptive Alighment

| PM1 (PVIAT)
B UBM
GuPPI (PRDL1)
W PM2 (PUBV)
O Die 1 Shadow
3 Die 1 Shift Region (SR)
O Die 2 Shadow
; Die 2 Shift Region (SR)
% Adaptive Route Region (ARR)

Addition of fixed RDL

Deca released for iIMAPS 2021
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Adaptive Patterning

Adaptive Alignment

L ° e e ¥ & >
® e o @ { J i ® ‘e
° - * . e
. °
® 00 @@ @ ® o0
LN e o ® ° :Em(pvmn

O Die 1 Shadow

3 Die 1 Shift Region (SR)

O Die 2 Shadow

i; Die 2 Shift Region (SR)

% Adaptive Route Region (ARR)

e ®
e ‘0 0 0°0 0 ® 0 o0 & S
L]

Addition of fixed RDL
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Adaptive Patterning

Adaptive Routing

| PM1 (PVIAT)
B UBM
GuPPI (PRDL1)
W PM2 (PUBV)
O Die 1 Shadow
3 Die 1 Shift Region (SR)
O Die 2 Shadow
i; Die 2 Shift Region (SR)
% Adaptive Route Region (ARR)

Adaptive routing is performed to complete connections

Deca released for iIMAPS 2021
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Adaptive Patterning

Adaptive Routing

oooo ;o.o..
; )

. : .
o N ) \
. LN . ® o

| PM1 (PVIAT)
B UBM
L] L] CuPPI (PRDL1)
o ‘e o o' o . o . . . W M2 (PUBY)
. O Die 1 Shadow
3 Die 1 Shift Region (SR)
O Die 2 Shadow
i; Die 2 Shift Region (SR)
% Adaptive Route Region (ARR)

Adaptive routing is performed to complete connections

Deca released for iIMAPS 2021

000779

17



Device Packaging Conference 2021 - April 12-15, 2021

5/14/2021

Agenda

1. Introductions

2.Background

3.Technology overview
1. Silicon Interposer
2.Embedded Bridge
3. Fan-Out

4. Adaptive Patterning™
Introduction

5. Design Study
6. Follow Up Work

S Design Study

35

Ty
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Design Study

Concept

< 36 mm
= S A
o
T
e
e
£ o
)
I~
2
s
=== = Y

24740 pm

36

Ty
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L]
Design Study
20um Pitch Study
PRDI
7 : ; : *planned follow up study on
PRDL3 )  PRDLA __ | layer count reduction using PAA
o B
Deca released for iMAPS 2021
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L] L L] L]
Design in Xpedition
Building Interfaces with step and repeat (nCopy)
B8 Xpedtion Layout GAESD Prejects Deca’ HiDie_ 1A 10dbe, v/ fidie tvipig - [1iie 1] - o x
Ese 08 Yew Geup Boce Boute # Menes IO TSMCIOfaonc ETPAMTK PacogeUtibes [rew dnahsit Quipet  Smen Utitier  Wedow Meip T AGS1A, 21718 Groy. 430435, 416004 tomy a8x
SbmT BB 2L E owarsmenn
Bl T e Y
O
£ | o | G| P |
) v @ 2
:lﬁi‘m:m
s E«
5
g
a2
g
g
TR o eeave e s 4 R [ e v el
I Treo [ Thove [ shemiis 4 Compermrt Bt 5 e S = [ b T 6 o G 1Fed R
o B
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Design in Xpedition - Physical Reuse Blocks
Interface Replication
B pedtion Layout GAESD Projects\Deca! 100 ke by - o X
Vil . oo 38 @SN *oET EBD L oc 0ut1
BX &S 3
e
p b @ 2
| Lrmmiow..
::;’:‘?:‘:(h
FEE
R
. nowe v G520 1 T lacoehs
3 Pow / M | 4 Component Exglormr b Exphorer Blndo Faco 8 Deaw Shatch 10 Toggie Gloss 1 Fnd
Selet I ool 009
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Design Study
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Agenda

1. Introductions

2.Background

3.Technology overview
1. Silicon Interposer
2.Embedded Bridge
3. Fan-Out

4. Adaptive Patterning™
Introduction

5. Design Study
6. Follow Up Work 6 Follow up Work and Conclusions

Ty
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Follow up

Update Design and Build with ASE

Existing JEDEC Standard - 55um Pitch AP Gen2 - 20um Pitch

36 mm > ” 36 mm

= R 2 ‘l

A

36 mm

17887.5 ym

Bu =

24740 um

24740 pm

Ty

Deca released for iIMAPS 2021
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Follow up
Update Design and Build with ASE

Existing JEDEC Standard - 55um Pitch AP Gen2 - 20um Pitch

W

86% reduction in required die area

1>
Deca released for iIMAPS 2021
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Follow Up Work

Progressive Adaptive Alignment

As Designed

1>
Deca released for iIMAPS 2021
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Follow Up Work

Progressive Adaptive Alignment

Adaptive Alignment

b B
Deca released for IMAPS 2021
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Follow Up Work

Progressive Adaptive Alignment

Progressive Adaptive Alighment

b B
Deca released for IMAPS 2021
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Follow Up

* Opportunity to combine fan-out and bridge chip technologies

 Integrating silicon bridge into chip-first fanout and using chip-last approach to place SOCs and HBM

Adaptive Patterning corrects for

shift of multiple bridge die
(Up to 100 um mis-alignment reduced to < 4 um)

Note: Patentsissued & pending on structure & methods
= IS

Deca released for iIMAPS 2021
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Conclusion

EARLY MARKET

THE CHASI

s

MAINSTREAM MARKET

Chiplets

Heterogeneous Integration

| TECH ENTHUSIASTS

EARLY EARLY

LATE

N Ng\;::ons ADOPTERS MAJORITY MAJORITY mi‘::ws
X 13.5% 34% 4%

Source: Crossing the Chasm, Geoffrey A. Moore

* Chiplets are close to crossing the chasm to mainstream adoption but cost-effective
high-density integration is necessary to do so

* Adaptive Patterning provides a way to break through these barriers and make the

transition to mainstream adoption
4 :
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Thank you.

For more information contact:

Name: Robin Gabriel

Email: robin.Gabriel@thinkdeca.com

25
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