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Dual Integration - Verschmelzung von Wafer
und Panel Level Technologien

Dr. Michael Topper
BDT
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Introduction

4 |
[ommsyi=2y 0

Why do we need
such large machines
to bund such small systems’?
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Introduction — Development of Single Chip Packaging

Package form factor
2.5 X mm >
/ Package area /
'4_L\—\_ﬁ chip area
QFP ~55
<+— 1.5x mm —»
~2.0
<1.2

WLP

O
O
O
&)
®)
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O
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Fraunhofer 1IZM —t 200 pm
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Example of WLP at IZM: Automotive Application

Mag= 18X  SgaiA=SE2
WD = 20 mm EHT = 2000 i

.
=
=]

1V 1L

3-D Stack on leaddfram

Bumped 3-D Stack Final Sensor in “DAG” Housing

Chip scale package integration of different microsystem technologies by thin die
stacking, polymer embedding and redistribution/bumping for automotive applications

| 4
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Reliability prediction is key (thermomechanical simulation)

(Department: Environmental and Reliability Engineering)
Stoney equation

Eyd?

Verification of the stress and
bow solution of the model

Free standing films «Analytical solution
*Bow measurements

°F = 6(1 — vs)Rd;

N

By |

Bow and stress

Ll rrelel measurement
*CTE & Tg
*Elongation to break
*Youngs modulus : .
© P %rack through the

*Tensile strength
polymer layer

~ Fraunhofer
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Wafer Level Packaging: Mainstream for Mobile Products

No of WLPs
12.3mm
20
1 5 / _A_._.I_._
10 /
5 ,//
0 == No of WLPs
S X H b9 S
,,’(9 e ™ e 5]

& \Qo‘\ OOQ’ \(\o‘\ OOQ’ -
.Q‘Q‘O R \Q\\ R \Q‘\ S
N ™

Lo
g

Apple iPhone

3GS

ch'iTJ'works
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Wafer Level Packaging: Compatibility of Wafer Sizes is key

Sensors: 100 mm — 200 mm

ASICs: 150 mm — 200 mm
HProcessors: 200 mm — 300 mm
Memory: 300 mm

others: single chips, wafer parts, ...

Electronic Systems
Example ATLAS (CERN): 100 mm Sensor, 200 mm Read Out CMOS

__——
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|ZM Wafer Level Packaging Line (RDL)
for Wafer Sizes 100 mm / 150 mm / 200mm / 300 mm

Seed Layer == Resist Process == Lithography &= Plating == Strip / Etching

v .‘ B S . - - e : ,':' \,..-—-'—'-‘

Ty

Sputter Spin Coater Mask Aligner Wafer Plating Wet Etching
Cure msp Descum
.
i
- ___:'I‘gf
r! il-if
Spin Coater Mask Aligner Spin Coater N2 Oven RIE
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Question in 2003: Do we need a camera in a phone?

Nikkei Market Access Seminar 2003 Sept. 12

8000
7000 T T
6000 P . : ' O Others
L B sznyo
S 5000 T | BNokia
v R | i
% 4000 3 ok I:ITrcashlba
= :iiii |- Shap
= 3000 = — - |Dsamsung
i: it it B Ppanasonic
2000 Toa il mNee
1000 =
0 nIHIHIHIHI 1 1 1 1 |'.|.I|'I|I.|.'| 1
01/Q1 01/Q3 02/ Q1 02/ Q3 03/ Q1 03/ Q3 04/ Q1 04/ Q3

vl Q

2014: Global smartphone shipments totaled
1.167 billion units in 2014
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Extension of WLP to 3D Integration using TSV

Wafer-Level-Cameras

= Bringing the electrical contact to the back-side
of the sensor

= \Wafer level integration of optics and camera
electronics

= Module size: 0.7 x 0.7 x 1.0 mm3
= Application: low-cost-endoscopes
= Partner: Awaiba GmbH

Fronmt wafer -
with aperture

.

B Lens wafer —

i
B Spacer wafer "'}

Imager cover
glass wafer

Imager wafer

© Fraunhofer IZM ’AWA’BA % FraunhOfer
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= Waferlevel Systemintegration using TSV

m Thinfilm technologies, Bumping

m \Wafer thinning, Thin Wafer Handling

m Through Silicon Via (TSV) Formation

m High density metallization,
redistribution

m Interposer, assembly and
interconnection technologies

GRAPHICS TECHNOLOGY LEADERSHIP

HIGH BANDWIDTH
MEMORY

Rolf Aschenbrenner

1ZM


http://electroiq.com/insights-from-leading-edge/wp-content/uploads/sites/4/2015/05/AMD-graphics-module.jpg

New Assembly Cleanroom

Wafer Stud Bumping  Surface Plasma Batch Reflow Oven up to
300 mm (K&S) Protection 300 mm (ATV, Budatec) Membrane Bonder
(ONTOS) - (ATV)
i ‘\_’ —a s ‘_‘

Automatic Die Bonder Automatic Flip Chip High Precision Halfautomated Flip
300 mm Bonder 300 mm Flip Chip Bonder Chip Bonder
(BESI) (PANASONIC) (SET) (Finetech)

Z Fraunhofer
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Waferlevel Systemintegration - Wireless Sensor Nodes

Features: Working range 50m, 12mm accuracy
Devices:

= FFT-Co-Processor, ADC
= Fractional-N-PLL
= LNA, PA, Mixer, VCO, Muliplexer

Package

= Thinfilm substrate
= Integrated patch antenna
= FC Device integration

RF — Substrate roRertoTE

Baseband-Substrate [ -

Board (PCB)

- TU Clausthal I :rl::;:: Ninberg * ?ﬁ'in;f;tmi; s =
7@1 7 und Forschung % F raun h Ofe r
m Leibi 1Zm

ibniz
Ferdinand-Braun-Institut



Procedure for Extraction of Dielectric Parameters at >100 GHz
Department: RF & Smart Sensor Systems

N
' ' ' 3D Full wave simulation

. .
Extraction Measure- N
of the ment of the

geometrical surface
dimensions via roughness
microsection

Extraction of ¢, and
tano terms

__——
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3D WL Integration (ICs + Sensors) @ Fraunhofer IZM

a1l T

£
=
™ oy
b
-
L
|

3D TPM
(ASIC+TX+MEMS)

Localization SiP ARM Sensor Image Sensor

Image Sensor (Sensor+|P+SP)

J undesministerium . i
@l?mfudung 1 (ontinental = @ GLOBALFO x Infineon ‘y—l “

und Ferschung
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Future of WLP?
Fan-In WLP: Issue with miniaturization in Front-End (CMQOS)

I 1 1 1 I 1 1 1

PCB: 0.5 mm pitch PCB: 0.5 mm pitch

rrr 1' Fan-Out WLP

PCB: 0.5 mm pitch

- Interposer
rr! 1 (organic / Si)

Packaging of high pin-count ICs:
Interposers (i.e. FC-BGAS)

PCB: 0.5 mm pitch

__——
© Fraunhofer IZM % FraunhOfer
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PWB Design Rules€=» CMOS Design Rules

PWB (organic substrate) CMOS (Si-based Wafers)
Lowest Cost Highest Cost

100 um € PCB Design Rules 50 um ...1 pm CMOS Design Rules = sub pm

\
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Issue with WLP: Chip Shrinkage =» Solution = Fan-Out

For SMD-Assembly 0.5/0.4 mm ball pitch is required
(yield and speed of assembly)

Solution: Extension of Chip Surface by FO-WLP

A

Pitch: 0,4mm

LDie size (mm/side)

iWatch Pitch: 0,2mm

100 200 300

Pin-count

Z Fraunhofer
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http://electroiq.com/chipworks_real_chips_blog/wp-content/uploads/sites/7/2015/08/03_0.jpg
http://electroiq.com/chipworks_real_chips_blog/wp-content/uploads/sites/7/2015/08/04_0.jpg

= Chip Embedding (Chip into Substrate)

Yp, P,
Embedding die technology: s,oos cf'age
= Embedding into PWB (embedded die) St

=» Reconfigured molded wafer. FOWLP (Fan-Out Wafer Level Packaging)

] Embedded die.
h S Single chip

-

-

LS 28w 182828 0 00 /

Embedded PoP
| pn m—

I S10XSX01810] Embedded SiP

= oo AL
TRARAT mam -

o0y
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FOWLP/FOPLP Process Flow Options

Mold first

Apply thermal release tape on carrier

Die assembly on carrier

e —

Wafer/panel overmolding

Carrier release

I-I-I-I-I

RDL (e.g. thin film, PCB based, .
balling, singulation

rrirrs

RDL first

Apply release layer on carrier

RDL (e.g. thin film, PCB based, ...)

Eﬁﬁﬁ\f At —"

Die assembly on carrier

R

Wafer/panel overmolding

Carrier release, balling, singulation

\
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From Wafer to Panel Level Packaging

| performance
A f(L/S, pitch, no. dies, ....)
 Based o1
equipme
* Tightest
line/spat
e Currentl

cost

>

s

]
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Roadmap Panel Level Embedding

Fusion

WLP ! PCB !/ LCD
infrastructures

830mm - Gen 4 LCD
505mm — PCE laminate
X370mm = LCD Gen 2
0x380mm - WLP/LCD /PCBE

mE!

il

3D PoP

-S = Y ECE laminaliegs IJ'!_'.ISI'IE‘IE' [ — |
3uuxaunmm e L0 S PCE LS
m FO SiP FO PoP —u
FO WLP E! e L) ] DR
FEIWLP 1# gen - single die ‘
FO MCP ;
D 459 1m
- = E
ASIC . h Y
300mm i —
- - Higt yield
F'DWLF' 2 gen - MCP / S5iP / PoP Semiconductor

#

GEAPE
s P PMIC WLP infrastructure
= RF conrpectivly coambos, BF Tx, NEC
= Al S Ve COdess

+ FPGA/ASICS / MG Source: Yole
I L ] L I

2009 - 2011 2012 2013 2014 2':”5y > 2016
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|IZM Panel Level Embedding Line
from Wafer Scale to Panel Scale 610 x 456 mm2/24”x18”

Datacon/Siplace Inspection Panel Molding Laminator Laser Equipment

mech. drilling Sputter Automatic plating line LDI Wet Etching

Z Fraunhofer
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MST SmartSense - Intelligent 3D MEMS Compass

Technology Demonstrator Commercial Product Advanced Technology

o MEMS
thin film RDL ASIC pressure
. = sensor
maldin Through

compoun Mold

Via (TMVY)

- PCB based RDL MEMS acceleration
BS-MEMS o sensor

MS-ASIC
BS-ASIC

N -

Gt i

s h

Jumper

Heterogeneous Integration
= BGA Multi-Sensor Package
= Evaluation of Material . |

Combinations = Chip on Board technology embedding as a basis

= Reliability Investigations = Transfer molded LGA housing | * Thin film & PCB based RDL
= Product well within specs!

= PoP approach using

\
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Summary

\
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Automotive, Medical Internet of Things
Industry 4.0 Consumer

Trillion Sensor Visions

- ' — . b . L 22 2017 032
Camera with image processing Trillion Sensor Vision

Electrical performance

RF-Modules
Mobile Wireless

s a—

X-ray of embedded System

y
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