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Revolution of chiplets AMDC\
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Gain in performance/cost is not promising

AMDZ1

PACKAGING

000633




Device Packaging 2020 - Fountain Hills, AZ USA - March 2-5, 2020
Visit www.imapsource.org for more IMAPS papers

Chiplet integration requires efficient packaging schemes AMDI

2.5D/3D packages Fan-out packages

Overmolding e
ISV
o

Die 1 Die 2

TECHNOLOGY
ip stacking for heterogeneous integration

Source: online public platforms
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Warpage control during package fabrication is a challenge AMDZ\

~150-180°C
* Different processing steps have different

thermal budgets

* Both wafer-level and package-level warpage

is a challenge

> 100°C ~260°C

A reasonably accurate thermo-mechanical modeling could be helpful in process optimization
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Thermo-mechanical modeling scheme for warpage prediction AMD\

Start with all the materials involved in
the process and simulate step 0
configuration

Silicon L ) Silicon — Silicon ) Silicon l

Step 0: Flat, stress-free, * Step 1: Heat up to Step 2: Add mold and cool Step 3: Remove
strain-free at 25°C 150°C from 25°C down to 25°C from 150°C mold at 25°C

Apply thermal loading and
compute quasi-static deformation
for the first processing step

—o— Warpage l

--#--5tress

0.8 Use deformed shape and computed

stresses as initial geometry and
stresses for the next step and solve for
incremental deformations
[ ]

!

Deformation at the end of step N is
1 2 3 sum of incremental deformations up to
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Example: 2.5D packaging

Interposer

A typical 2.5D package

Objective: to predict and optimize
warpage during the process
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AMDA

Chip on Wafer on Substrate

Chip on Substrate _ Interposer wafer (TSV

revealed)
Interposer (diced, TSV m “ Solder reflow for chiplet
revealed, bumped) | ! dies attach

Meold encapsulation

Solder reflow for

bstrate b Substrate
substrate assembly
i Over-mold grind and

carrier attach

# C4 bumping
w Carrier release and dicing

Ref: Amkor’s 2.5D Package and HDFO- E

Advanced Heterogeneous Packaging
Solution Ref: TSMC, ECTC 2013

Under-filling

Solder reflow for
chiplet dies attach

Solder reflow for
substrate assembly

Stiffener ring attach
Stiffener ring attach
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CoS warpage

Chip on Substrate

Interposer [diced, TSV m
revealed, bumped) { {
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Solder reflow for Ve N\
chiplet dies attach ==
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assembly + UF
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. attach
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Legs 1 to 3 involve different combination of substrate core and UF
material

Appropriate selection of material helps minimize warpage
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CoWoS warpage

Chip on Wafer on Substrate
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interposer waker (TS
revealed)

Salder reflow for chiplet
dies attach

fald encapsulation

Over-mold grind and
earrier attach

C4 bumping

Carrier release and dicing
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Solder reflow for
substrate assembly
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Normalized wafer-warpage

AMDA

1
0.8
0.6
—0—Legl
0.4 Molding Leg2
Leg3
0.2 g
—eo—Legd

0 M_‘"d Carrier
Die attach grind attach i grind
02 * UF +Ca .
Carrier release
-0.4

* Legs 1to 4 involve different combination of substrate core, UF and
mold material

* Appropriate selection of material helps minimize warpage
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CoWoS warpage

Chip on Wafer on Substrate

I rosr s

revealed)
dies attach

Over-mold grind and
carrier attach
=
F Carrieq release and dicing
L

Lalder reflaw for

substrate assembly

Device Packaging 2020 - Fountain Hills, AZ USA - March 2-5, 2020
Visit www.imapsource.org for more IMAPS papers

G
t_
Gt
VT

N\

Stiffenerringattach /7 _ '\

Normalized wafer-warpage

-0.2 + UF

0.8
0.6

—o—Legl
0.4 Molding o—Leg2

—o—Leg3
0.2

—e—Legd

Carrier

Die attach grind attach Si grind
+C4

Carrier release

1 Singulation

MN

-0.4

000640

AMDA

AMDZ1

PACKAGING




Device Packaging 2020 - Fountain Hills, AZ USA - March 2-5, 2020
Visit www.imapsource.org for more IMAPS papers

Summary AMD 1

P A reasonably accurate thermo-mechanical analysis can provide useful insights into mechanics of
packaging fabrication process

P This can help optimize the process parameters and provide guidelines on selection of appropriate
materials for warpage control
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