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Agenda

o XDFOITM Introduction and Market

o Assembly Process

o Roadmap

o Process Level Warpage Data

o Package Level Reliability Data

o Summary 
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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

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

Monolithic

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

Source: Yole

o Heterogeneous integration 

will play a critical role in 

chiplets growth 

o Chiplets are expected to be 

one of the highest growth 

package categories over the 

next few years.

o Marketwise, the highest 

adoption rate is in Servers 

followed by PC and 

Automotive

o Companies like Intel, AMD, 

Apple, IBM, Marvell, etc. have 

already implemented Chiplets
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Si

XDFOI™ 
Chiplet Family

2D Chiplet
2.5D 

Chiplet
3D Chiplet

C2FO/FO-Interposer

Medical

FO-SiP

Chip-First Chip-Last

RDL First Fan-out

(FO-MCM)

Chip-Last C2C/C2W or C2FO

eWLB/ECP MCM

eWLB/ECP Module 

i i

C2C/C2W

Si TSV Interposer

(FO-IP MCM)

FO- DSRDL PoP

XDFOITM (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.

What is XDFOI?
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XDFOI RDL-First Assy Process Flow

Die 1 Die2
Die 1 Die2

Die 1 Die2

Die 1 Die2

① High density RDL build up

② Flip chip on wafer

③ Underfill, Wafer mold and Carrier release 

④ B/G and expose Si dies

⑤Wafer bumping

⑥ Backside metallization (optional)

Die 1 Die2

XDFOI TSV-Less Process
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XDFOI X-Sectional Data

RDLs-4P4M Stack via High density 
RDLs

1.5um

2.5um

Wafer molding / UF

Backside Metallization
XDFOI BSM

Flip ChipUltra High Density RDLs

Chip 1 Chip 2
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XDFOI Roadmap

Solution
Micro bump 

pitch (um)

Max RDL

layers

Min via 

size

(um)

Min land 

size

(um)

Min L/S

(um)

Backside 

Metallization 

Thickness (um)

Max XDFOI size 

(mm)

Standard

40

5 10 20 2/2 0.75-1
44X44

( reticle size )

Advanced 6 8 17 1.5/2.5 1-10 65X65 (Y2024)

RDL Wafer
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XDFOI Chiplet Structure
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XDFOI Formation Process for 2P2M (Chip-First)

⑥M 1

Metal Carrier

② Die attach

③Molding

④ Debonding

① Dicing ⑧ Bumping

Metal Carrier

⑤ PI 1

⑨ Backgrinding

⑩ Dicing
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Category Item fcBGA Parameters

Package

PKG Size 6000mm2

PKG Height 5.2mm

HS type Stiffener Ring

Die/FO

Die/FO Size 1200mm2

Bump Type Solder Bump

Min Bump Pitch 180um

Bump Height 70um

Substrate

# of Layers 20L 

Core Thickness 1200um

BGA Ball Pitch 0.9mm

Package Attributes and FC Assy Process

XDFOI FO-MCM

FC attach

Underfilling

Stiffener attach

SMT and Ball attach
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Bottom Side

1-1 2-1 3-1 4-1

2-2 3-2 3-3 3-4

XDFOI FO-MCM fcBGA
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Warpage (mm) Type 1-1 Type 2-1 Type 3-1 Type 4-1 Type 2-2 Type 3-2 Type 3-3 Type 3-4

Chiplet Splits 1 2 3 4 2 3 3 3

Si Thickness T T/T T/T/T T/T/T/T T1/T T1/T/T1 T1/T1/T1 T2/T2/T2

After Recon NA

-1.63 -1.57 -1.60 -1.84 -1.75 -2.35 -3.13

Contact Plane

(-)Negative Warpage

FO Process Level Warpage
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Warpage (mm) Type 3-1 Type 2-2 Type 3-2 Type 3-3 Type 3-4

After annealing -1.69 -1.84 -1.75 -2.35 -3.13

After PI1 -1.52 -2.47 -1.87 -2.37
-4.06

*

After M1 -1.90 -2.52 -2.27 -2.93 -2.55

After PI2 -1.50 -2.31 -1.79 -2.58 missed

After M2 -2.02 -1.58 -1.23 -1.89 -1.75

*Thickness mismatch, warpage adjustment and backgrind.

FO Process Level Warpage

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

001298



JCET Group Confidential15

Shadow Moire Data (FO)

Remark:

1)Sample size, 3ea/type; 

2)Backside up (bump side down); 

3)Die/FO area.
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Remark:

1)Sample size, 1ea/type; 

2)BOT side up; 

3)Substrate area.

Shadow Moire Data after FC Assy
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XDFOITM Type
T0 After MSL4 After TC1000cycles

OS SAT OS SAT OS SAT

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

Accelerated Reliability Results

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

001301



JCET Group Confidential18

Failure Analysis after TC1000cycles (Type 3-1)
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Failure Analysis after TC1000cycles (Type 4-1)
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Failure Analysis after TC1000cycles (Type 3-2)
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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.

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

001305



Thank You!
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TIM coverage: >90% Die Area

Type 1-1

Type 3-1

Type 2-1

Type 4-1

97.24% 98.21%

98.36% 97.58%

Lid Attach Process
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