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3D Integration Does Not Have to be TSV

® FCBGA/2.5D

Tech no*qg;el&sz;y fici
KQ \\Ca gpablllty for low I/O
ol Dup

density, high Si area
packaging

Package Volume

> Less I/O dense than
TSV memory

- QDP m > Smaller package

volume

Active Silicon Area
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The Challenge

» Four die stacked (QDP)

» 200 ym package thickness "

> Reduce from ~325 ym thlckness‘ ?

» Ability to lntegrﬁmkgi) nto a larﬂ‘ieﬁw

SN «——— 35 ym die + 5 ym DAF

—_— =
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Ultra-thin QDP Concept

» Modularization using 4 dies stacked package

Conventional SCSP ‘ é ‘

16 dies stacked r i tacked pkg module x 4 modules = 16 dies

-

\T\— LGA Pad e
» Die stacking # 1 — Risk for ass’y yield loss 1 » Risk for yield loss | by using known good unit
» Die stacking # 1 — Cycle time for electrical test 1 » Cycle time for electrical test | by using electrical

test with module level
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200 um QDP Design Concept Details

» Stack-up analysis (QDP)

----- T
Description Additional information
» Die thickness: 25 ym
Mold thickness 0.100 +0.03 » DAF thickness: 5 um
B PCB S 0.100 +0.03 » Wire loop height: max 50 ym (0.8 mil)
T Total height mm 0.200 +0.042
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Key Technologies for QDP

— Ultra-thin QDP Module [ — SCSP (PiP) —

3. Warpage control for 200 p

Lo ol09

» Evaluation of EMC
| )

“I\'

2. D/P and die stacking for ultra-thin die

» Stealth Dicing Before Grinding (SDBG)
> D/P Process optimization (Under 30 ym)
» Ultra-thin die stacking
> Control of ultra-thin die warpage

> Stacking tool development &
process optimization for die crack &
misalignment

» Die stacking, wirebonding on TBDB
» Mold with full cavity substrate and TBDB
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Wafer Processing for thin QDP

» D/P and die stacking for ultra-thin die

> Application of Stealth Dicing Before Grinding (SDWCbgy ] \“c'
SDBG Process Flow Kor

Lamination

Saw Lane Widt

DAF Cutting, BG DC/DAF 10
Expand Peeling Mount

20 4050 100 200 400 787
Wafer Thickness (um)
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Die Warpage

| min | Max | Ay

w/o DAF 87.4 ym 104.5 pm 92.16 pm\ ogvprg
W/DAF 275.3 ym :TGC\‘HQ 13.77 um
! .

t tKaDoie) ~ G'a&gcked Die)

L S

H 3
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Die Processing for Thin QDP

» D/P and die stacking for ultra-thin die

> Applicated disk type ejector to prevent die crack
» Less die stress during die ejecting from large surfaee@nd step ‘ejecling

Pin Type Ejector Disk Type

Ejecting zone Stress with tltra thin-die Ejecfing zone Low stress with ultra thin-die

[ T

DAF/Mount DAF/Mount
tape

Ejector
Ejector cap
cap
Pin

ejector *
Pin holder

Disk
ejector

Disk holder

Vacuum hole Vacuum hole
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200 um QDP Package Process Flow

Carrier lamination

Die attach (4 die stack)

7 imc-

Wafer back grinding Wirebo Chgo.z- Die attach
(SDBG)
AF Filn tion old/PMC (T-mold)
. ng D u # Wirebonding
B
Support by ATC 0
POty D Carrier removal Mold
Laser marking (optional)
Strip grinding
Pkg saw
‘ = Major process FVI

== Carrier removal
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200 um QDP and ODP Process Flow

= R == — === = —=

TBDB Lamination Die attach on TBDB , Mold/PMC
(4 die stacked) (T-mold)

ANEN 4NN AN
Bl UEEE dEED

Mold grinding &

Strip testi
rip fesfing TBDB detachment

Mold/PMC BGA Ball attach Package saw & O/S test & FVI

(C-mold)
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Initial Warpage Result Summary

» Showed severe smile unit warpage at R.T
> G330SA-H: Avg. -337.3 um @ R.T, Avg. 126 pm @ H T \“c
» Avg. -115.8 @ 125°C (QDP stacking process te @\ogy b/

> New EMC: Avg. -234.8 ym @ R. T AVTFE
° e g

» Avg -104 @ 1 E
a age (S S6 each)
@H.T

mp. for ODP)

@

126
g = - D O
E »
o 2D Image 4] ——
> 150 9 ! e
£ 250
2 2348
-337.3
-450
G330SA-H New EMC 3D Image
RT -337.3 2348 9
mH.T 126 65.1
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Thin QDP Warpage Countermeasures

Leg Package Structure

2 Layer
ub

—_
=
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a

2 Thicker,

Sub

Mold
2 Layer [ De ]

[ De ]
4 2 Layer [ De 1]
[ De 1]

Sub

2 Layer
Sub

2 Layer
Sub

Die

2 Layer
Sub

2 Layer substrate

Thicker substrate

(100 pm — 1«)0
AY

r coreless

D‘G%TNO

With dummy
(65 um T.)

2 Layer
Substrate
[

3 Layer
Substrate

Thicker
Substrate

L I

w/Stiffener

w/Dummy Si

Best warpage
performance

Plots showing relative difference in warpage for various legs

Dummy Si showed better unit warpage performance among the 5 legs
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Dynamic Warpage FEA Data for QDP and ODP
Unit warpage for QDP & ODP

: ﬁ
QDP Unit Warpage EE——m=  ODP Unit Warpage y ; \
Avg. Unit Warpage (SS: 6 ea) ""‘*T+ g\ﬂ_’\O\ange (SS: 6 ea) i
e v-

150

50

-
3 ﬁ
©
'
()
()]
©
e
© -250

-350

-450 -120.0

25 | 75 | 100 |-125|-150|-175|-200| 217 | 245 | 260 | 245 | 217 | 200 | 175|150 | 125|100 | 75 | 25 28 | 50 | 100 | 150 | 183 | 217 | 245 | 260 | 245 | 217 | 183 | 150 | 100 | 50 | 32
e POR |-337|-238/-183|-115| -97. | -72.|-68.|72.8/108./126./99.3| -76. | -82. |-110|-153|-207|-275|-322|-406 et Avg. | 28.3 |-19.2|-35.7|-27.3|-21.2|-19.2|-18.2| 31.5 | 25.3 |-11.2|-21.3|-35.0|-22.8| 24.8 | 27.8
== New | -80 | -65 | -57 | -43 | -38 | 29 |27.8|30.6/37.8(40.6|31.4| 28 | -35 | -47 | -52 | -62 | -72 | -81 |-101 —8— Max. | 43 | -34 | -42 | -30 | -26 | -24 | -30 | 40 | 34 | -20 | -32 | -45 | -30 | 35 | 46
o
Temperature (°C) Temperature (°C)
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Preliminary Test for New Structure

» Uni

t warpage

>  Showed excellent unit warpage

100

©
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Warpage (um)
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performance compared to POR structure
» Avg. 80 um, max 92 ym @ R.T
» Avg. 41 um, max48 ym @ H.T
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T o, T
Reliability Performance for QDP

Passed all items

X-ray Image

Cross-section Image
‘ Y1 =
e . || - 3]

e
-
Test Items Condition Reject Qty (ea) mm

s B |

A

L3 D 0'30° .‘ . 92 0/22 Pass N/A
Rel. only HTS 150°C/1000 hrs 22 0/22 Pass N/A

Rel. with Precon. HAST 130°C/85%RH, 96 hrs 22 0/22 Pass N/A

Rel. with Precon. T/C B 1000x -55/125°C 22 0/22 Pass N/A
kaorﬂ © 2020 Amkor Technology, Inc. 17
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Stack-up Analysis for Thin QDP

Design vs. Actual

ngs‘(pm)

Design Syr Design
203.5

| H

\ ? A Mold ness 100 99.2

= iB gp‘ a@rance 35 28.3

loop height 50 56.7

4 Die stacked thickness 115 113.2

4 Stacked Die ' B1 W/B Die thickness 25 23.1

""""""""" l W — B2 DAF Thickness 5 4.25
C PCB Thickness (2 layer) 100 104.3

© 2020 Amkor Technology, Inc.

Technology®

000279



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

Development Detalls

» Conclusion

> Within 4u of the target thickness y ; \“c .
> Ability to integrate into Package in Package Iﬁ&O\og

> Package warpage and reﬁ 8‘mth P I|m|tse

ID ups‘-se&n image of QDP (Design vs. Actual)

Wirebonding side

Top&B Myiew of QD

T Total 200 203.5

A Mold thickness 100 99.2
A1 Wire to mold top clearance 35 28.3

A2 Wire loop height 50 56.7

H H B 4 Die stacked thickness 115 113.2
Opposite side
B1 WIB Die thickness 25 23.1
B2 DAF Thickness 5 4.25
—
C  PCB Thickness (2 layer) 100 104.3
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