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Driving Force for Packaging— “More Than Moore”

o Moore’s Law is facing problems in terms of wafer node and cost

“More than Moore” is commonly accepted by the industry as packaging becomes more critical

Function
Density

Chiplet advantages

Monolithic Chiplet

Mixed process nodes (logic, analog, ...) Package reticle > 2000mm?
Optimized cost/sgqmm Small die: High yield / Lower waste
Function Density curve
R
IP-reuse, short TTM Scalability and Flexibility

M;cte's l.;w Time

A chiplet is one part of a processing module that makes up a larger integrated
circuit like a computer processor rather than manufacturing a processor on a
single piece of silicon with the desired number of cores.
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Chiplets Market Trends

END SYSTEMS MOST RELEVANT FOR CHIPLETS Heterogeneous integration
will play a critical role in

S e ’ chiplets growth

wyf chiplet wi/o chiplet w/ chiplet wi/o chiplet

Chiplets are expected to be
one of the highest growth
package categories over the
next few years.
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Companies like Intel, AMD,
Apple, IBM, Marvell, etc. have
1 11 1111118 ' already implemented Chiplets
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What is XDFOI?

XDFOI™ (x-Dimensional Fan-Out Integration) of JCET group is a heterogeneous integration technology
platform of JCET Group, which includes multiple advanced 2D/2.5D/3D chiplet MCM (multi-chip module) /
SIP (System-in-Package) integration solutions.

XDFOI™

Chiplet Family
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eWLB/ECP Module ' FO- DSRDL PoP k Si TSV Interposer C2FO/FO-Interposer
K / (FO-IP MCM) / K /
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XDFOI RDL-First Assy Process Flow

XDFOI TSV-Less Process

Lo B o A

(D High density RDL build up (») B/G and expose Si dies

(5) Wafer bumping

(2) Flip chip on wafer

1

(3) Underfill, Wafer mold and Carrier release

(6) Backside metallization (optional)
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XDFOI X-Sectional Data

LV

Flip Chip

RDLs-4P4M i o High density Wafer molding / UF
- RDLs B b’

1.5um

i,ssum L 2 PZ 5 um 3 7‘ E '
= Ya.10um A\ ‘: > - >

XDFOI BSM |

JCAP-FA-S4 10.0kV 10.1mm x350 SE(M) EMC

SEM MAG: 379 x SEM I8 JCOP-FA
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XDFOI Roadmap
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RDL Wafer

Max XDFOI size

(mm)

Standard 5 10 20 202 0.75-1 44xa4
(‘reticle size)
40
Advanced 6 8 17 15/2.5 1-10 65X65 (Y2024)
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Layout of Chiplet Splits A
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y CROSS SECTION
1-in-1 2-in-1 3-in-1 4-in-1

Si Thickness of Chiplet Splits

L L N L L 1 L | L L N

T B IO U i NPT Y B | I

Type 1-1 Type 2-1 Type 3-1 Type 4-1
le L o le L K le L N le L o
" ” -+ - ™ "1 ™ “1
1 I T =, LI = L
= (1 B £ It 1 R Y - U IR
\ Type 2-2 Type 3-2 Type 3-3 Type 3-4
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XDFOI Formation Process for 2P2M (Chip-First)

.| | | @ Debonding

@ Dicing Bumping

®PI1 m'— — —

@ Molding ﬂ
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Package Attributes and FC Assy Process

XDFOI FO-MCM

PKG Size 6000mm? FC attach
Package PKG Height 5.2mm l l—_l’-'!_—li_- — o =
B el R e R R N e
HS type Stiffener Ring
Die/FO Size 1200mm?
Bump Type Solder Bump
Die/FO
Min Bump Pitch 180um
Bump Height 70um
# of Layers 20L
Substrate Core Thickness 1200um
BGA Ball Pitch 0.9mm
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XDFOI FO-MCM fcBGA

T

Bottom Side
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(-)Negative Warpage

Contact Plane

Warpage (mm)

Chiplet Splits 1 2 3 3

Si Thickness T T/T T/TIT T/TITIT TUT T1/TIT1 T1/T1T1 T2/T2/T2

After Recon NA

-1.63 -1.57 -1.60 -1.84 -1.75 -2.35 -3.13
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FO Process Level Warpage
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After annealing -1.69 -1.84 -1.75

-1.52 -2.47 |

After PI1 -1.87
After M1 -1.90 @ -2.27
After PI2 -1.50 @ -2.31 -1.79
After M2 -2.02 (.) -1.58 -1.23

*Thickness mismatch, warpage adjustment and backgrind.
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Shadow Moire Data (FO)

Warpage of Die/FO
50
40 —+—Type 1-1
30 —a—Type2-1 + Convex (crying) - Concave (smiling)
20 —+—Type3-1

10

—=Typea-1 ﬁ’% %ﬁwq‘

—I-.—'—'-'r'_i-_-r'_‘

Warpage (um)
[==]

Type 2-2

-10
o Type 3-2
30 —4—Type3-3 Remark:
a0 Type 3-4 1)Sample size, 3ealtype;
50 2)Backside up (bump side down);

S A = = - - O "R R R A R 3)Die/FO area.

[=) N o [) (= =] LN [=] [=] ) [=] LN o

m 3 3 2 R I I ] R Eagvw

Temperature Point

Type 1-1 14 14 12 12 11 14 11 12 12 13 15 10 18
Type 2-1 27 21 20 21 22 22 21 23 20 22 19 22 25
Type 3-1 18 19 19 17 15 16 15 17 21 16 20 24 27
Type 4-1 24 14 16 16 18 19 19 21 22 25 15 17 22
Type 2-2 -14 17 18 22 23 25 29 26 21 22 17 13 -17
Type 3-2 18 20 18 20 20 19 22 22 23 20 20 20 19
Type 3-3 28 24 19 20 23 21 23 24 25 22 20 25 26
Type 3-4 30 23 20 22 22 22 21 25 28 26 25 30 37
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Warpage of PKG
(Ring Type)
400
300 —+—Typel-1
— 200
E —=—Type2-1 + Convex (crying) = Concave (smiling)
2 100
Q ——Type 3-1
?&n 0 'l-'-""J'J_F‘ e M_‘J_Ll - a s
B —=—Typed-1 "\--C::::—;\'_jﬂt? =
g-mo
-200 Type 2-2
-300 Type 3-2 Remal’k. -
1)Sample size, lealtype;
-400 H .
POUULDUUPUUUUUUYUUUUY 2)BOT side up;
[=]
"RRSNEET ISR SEBBEIS 3R 3)Substrate area.
Temperature Point

Type 1-1 -202 -168 -84 -61 63 83 96 116 128 79 -64 -67 -84 -121 -159 -222 -256
Type 2-1 -181 -146 -70 56 58 77 88 107 113 85 -85 -81 -94 -116 -150 -205 -235
Type 3-1 -174 -138 -59 54 74 90 104 116 123 81 -63 -64 -68 -103 -137 -203 -236
Type 4-1 -194 -160 -80 -59 57 69 83 93 103 76 -69 -73 -85 -120 -157 -214 -241
Type 2-2 -178 -148 -68 47 55 73 87 99 82 -76 -82 -83 -87 -117 -144 -199 -225
Type 3-2 -172 -136 -59 46 64 82 g5 110 101 79 -81 -88 -88 -122 -147 -210 -233
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Accelerated Reliability Results

oS SAT oS SAT os SAT

XDFOI™ Type

| A | SR |
Type 1-1 Pass Pass Pass |
Type 2-1 Pass Pass Pass
Type 3-1 Pass Pass Pass
Type 4-1 Pass Pass Pass
Type 2-2 Pass Pass Pass
Type 3-2 Pass Pass Pass
Type 3-3 Pass Pass Pass
Type 3-4 Pass Pass Pass
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Failure Analysis after TC1000cycles (Type 3-1)

PIN1
! L M R

e L E PP

(EMCISi interface, Edge&Gap) =————_F ™9 s nfs o e —

- . -
AT OR T O X TO0 B o sP 00
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Failure Analysis after TC1000cycles (Type 4-1)

1
1
! ——————)
: 3rd Cut
¥ (Edge Bump, EMC/Si interface) =
4th Cut

(EMC/Si interface, Edge&Gap)

% . M .
Sl - SO0UM" i JSCC-S3400 15.0k\L9 Omgx
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Fallure Analysis after TC1000cycles (Type 3-2)

PIN1
! L M R

vI

Q -+ 15t Cut (UF/EMC interface)

r : | = =
E — f ‘ _ . - = 2nd Cut JSCC-S3400 15.0kV B.6mm x50 BSE3D 15Pa
- : : , (Middle Bump)
I |
1 1
' i
I .
1 1
1 1
1 1
: T
I 31 Cut
2 (Edge Bump, EMC/Si interface)
4th Cut A -
(EMC/Sl |nterface, Edge&Gap) S GG-53400.46.0kV40.0mm X 100.BSE3D 15BA s SO0 S ea s ol e waws ¥ : sa00 13w .4 SRS o JIsCCe3100 15 RV 9 A 100 BSEAD F8Pa - dogum
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Summary

o Heterogeneous integration is an attractive and widely accepted technology for high performance packaging.

o Chip-first XDFOI FO-MCM are designed to address all the above requirements for high performance chiplet
package solutions.

o As part of the XDFOI process flow, warpage data and package level reliability data are collected and
analyzed for this high performance package.

o Design flexibility, time to market, expense, and supply-chain bottleneck can be significantly reduced with
XDFOI technology.

o Further development is ongoing to expand the capability window of the technology.

21 JCET Group Confidential |J CEI-



IMAPS 19th Conference on DEVICE

@ ’ 19™ INTERNATIONAL CONFERENCE & EXHIBITION ON
) gl DEVICE PACKAGING
B ‘ FOUNTAIN HILLS, AZ - WWW.DEVICEPACKAGING.ORG *+ MARCH 13-16, 2023

Thank Youl!




>
& :’ 19" INTERNATIONAL CONFERENCE & EXHIBITION ON

gREVicERackhome

IMAPS 19th Conference on DEVICE PACKAGING | March 13-16, 2023 | Fountain Hills, AZ USA
I

Lid Attach Process

TIM coverage: >90% Die Area
Type 1-1

A
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