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About CEA-LETI

MINATEC

At the heart of Minatec campus,
dedicated to Micro and Nanotechnolog

leti

it Grenoble, France
i m‘;,

1500 people working on Silicon technology with industrial partners

~ 80 people working on 3D IC and 3D Packaging

Full 200mm & 300mm 3D capabilities
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Introduction: from WLCSP to smart interposers
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Mmw interposer description and characterization

Conclusions and perspectives
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Today electronic devices challenges

High performance computing ‘

Data servers

Dense integration ‘

Power reduction ‘

Wireless

‘ Low power

‘ Low cost

Mobile & smart
devices
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...translating in new technology requests

High bandwidth

Data servers

‘ Good yield

\ s .
e’
Thermal management

. . (e
Multichip Interposer N\o

Low loss RF RDL &
interco
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‘ Low cost proces
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Mobile & smart
devices

=

More functionalities
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A steady increasing demand in WLCSP

2010 WLCSP produced wafers by device type
(x 1000 wafers 12" eq.)

LED driver Ics EEPROM/flash
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amplifiers + video §

drivers < ]

WLCSP wafer forecast 29 'wggates 2

. . (] b

by device categories (12" eq wspy x1000) §
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Yole Developpement © September 2011 Amplifier / switch / RF k]

4500 power detector / voice ?

- . A Q

£ 200 ;.GR coil motor driver IC, ... S
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z 2000 5 September 2011 =

E 1500 4% =}

£ 10w )

& MEMS, sensors and g

500 BAW CMOS image s&dsors
0 3% 16%
2010 2011 2016 CAGR (%)
W MEMS and sensors 82 152 232 303 359 417 464 335
M CMOS image sensors 310 431 564 694 854 1050 1292 26.8
W Misc. Logic and memory 72 86 96 106 115 123 130 10.2
W Wireless Connectivity B44 798 913 1018 1136 1223 1287 122
W Analog and Mixed Signal 765 887 1007 1122 1236 1353 1457 11.3
total 1,874 2,354 2812 3,243 3,700 4,168 4630 162
Courtesy of Yole

| Wafer Level Chip Scale Packaging (WLCSP) is following a tremendous increase
! Driven by RF (25%) and CMOS image sensors (16%) devices

€20z Arenuer g0 uo 3senb Aq ypd-zzeur-odpg L 0z/L.01922/806

! Clear trend of devices « combo » packaging
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From WLCSP to smart interposer

ON\\ Silicon package

o\
oSt \(ed“c'é‘o“ modules in SiP + IPDs
C0%" "oV oo

No extra BGA

Many individual
components & passives

antenna

molding Passives: C & L
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Why Si interposer for RF applications ?

Miniaturization (high density)
Antenna integration

soidus|je ueipuaw//:dyy woly papeojumoq

Improved signal integrity (shorter distances)

-sdew|/woo’s!

High passives performances integration

9JU00

Increase reliability
Possible baseband integration

2,4 GHz

Wifi, 3G, LTE, PA

60 GHz
|
| >
WIiHD, WiGiG 1-7 Gbps

€20z Arenuer g0 uo 3senb Aq ypd-zzeui-odpe | 0z/2201.922/8061.00/0dA/E L 0Z/4Ppd-8jonie/seousi

Slze reduct|0n Sync & Go Up/downloads%
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Smart interposer: the high data rate wireless case

w)
S
2
2
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B Non licenced band exploitation [57-66 GHz]

- Available bandwidth: 9 GHz (against 83,5 MHz at 2,4GHz)
> Data rate : until 7 Gb/s (standard WiGig)
- 60 GHz 2 A/2 =2,5mm - antenna integration

© WiGig Alliance, 2010

B Consumers applications = final cost limitation

- wHor)

Q .
CMOS technology for transceiver =

Low cost and miniaturized silicon wafer level packaging

1 4

20 Z

B Integration / Miniaturization

' | o
. adi
ol

T
#
n

- Heterogeneous integration functions: RF, MEMS, logic,... o RS ﬁli
- Modules vertical stacking integration: 3D in high resistivity silicon !‘\ Lol

€20z Asenuer g0 uo 156@6 Aq Jpd-zzeur PELOT/LLO LQZZ/806LOO/OdG/SLOZ/}_pd-elO!]JE/SGOUBJBJUOO-SdEUJ!/UJﬁSBm{E' UBIDS
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mmW interposer concept & challenges

Heterogenous dies sourcing and 1/Os Wafer level passivationf
biocompatibility
Compliant and reliable Integrated passives
fine pitch 2@ level High resistivity Si
interconnect and
stand off Low cost TSV

Re-use of TSV from image sensors

= vand low cost [

Bumping

€20z Arenuer g uo 3senb Aq ypd-zzeur-odpg L 0z/2201922/806 400/0dA/E | 0Z/4Ppd-so18/s8ousIsjuodtsdewl/wod ssaidud|je uelpuswy/:dpy
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mmW interposer interconnection modules

|w]

2

2 low loss routing level %
-

Cu pillars + RF die 60 GHz integrated antenna g

flip-chip T

Through-Silicon-vis %

_ chi vertical connections %

CPW and pstrip (TSV) S

High resistivity Si

Reliable blling to PCB

! All individual modules mature and ready
! Next step: integration in a functional mmW demonstrator
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Outline

Introduction: from WLCSP to smart interposers
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Mmw interposer description and characterization

Conclusions and perspectives

1senb Aq ypd-zzeur-odpg L02/2.01922/806100/0dA/E10Z/4pd-8jole/seoual

€20z Arenuer g0 uo

let: 001gicom WLCSP to smart interposers | 9th IMAPS DPC 2013 | Yann LAMY | 12



IMAPS 9th International Conference & Exhibition on Device Packaging | March 11-14, 2013 | Fountain Hills, AZ

mmW interposer layout

60GHz Si interposer demonstrator description E E E EE E.I

B High resistivity silicon wafers> 1kOhms.cm

B LETI MEMS 200mm line

B CMOS 65nm transceiver die

TR

B One functional interposer die:
- 2 x 60GHz antenna (Rx and Tx)
- 81 1/0s (46 effective), 650um pitch
- TSV antenna shileding Faraday cage Lk

- line/space front side: 9um / 9um B
=» Ultra compact design: 6.5 x 6.5 mm2 '

/0dA/€ | 0¢/HPd-8]011e/Sa0uI9u0d-sdeuwl/wod’ssaidus||e uelpuawy//:diy woiy papeojumoq

---------------

B Several DC and RF tests structures ko
== Process qualification
- Mat.e.rlal electrical characterization(g, tan &) 6.5x 6,5 mm2 interposer die

O Silicon substrate

O Passivation layer

€20z Auenuer g0 uo 1SOND AQ JPA ¢CEt-00p

RF and DC test structures
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mmW interposer technology

Front side CPW 50Q
. - thru short L3 =1800 um
Technological description 1 i
B Three level of metalization: MO, M1 et M2 TS L2 =1200 um
== Level interoconnections by TSv and micro vias
i Specific double thick Cu Damascene RDL designed for 60GHz L4 = 2400 um

i Partial TSV filling
B Passivation and UBM metallization on both sides

UBM Ti/Ni/Au  CPW lines
A

12106 |.00/0da/s L 0Z/4pd-ajonue/seousiajuoo-sdew/woo ssedus||e ueipiawy/:dpy woly papeojumod

~ - Same front side CPW 50Q with TSV access from
backside
3umCu I L
7um SiO2
1pum Cu

s thru = short = L3 = 1800 um

12=1200um ¢ L1=600um

Substrat HR

7 um Cu

L4 = 2400 um -

UBM Ti/Ni/Au

€20z Arenuer g0 uo
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Interposer process roW Full interposer die view

1. BEOL 2 levels + antenna

& \ /
41" . ,«/.
p i R -
\ »

Frontside Cu RDL and TiNiAu
usm

2. Temporary bonding and thinning to 120pm

3. TSV AR=2 processing + RDL 5um

E o ]

4. TSV + polymer passivation + UBM

168¢/806100/0dA/E 1 0Z/4pd-8o11e/S9oUaI8)u0d-sdewl/wod ssaidus| e’ uelpuswy//:diy wolj papeojumoq
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Interposer assembly

6. RF die flip-chip

7. wafer-level molding and dicing

€1 0z/4pd-ajo1e/s80UsIaU00-sdewl/woo ssaldus| e uelpuaw//:dpy wol papeojumoq

8. Module ballin

O 0O0VO

Interposer with balling w/o molding

Note: Wafer-Level balling also possible (demonstrated on VT)

leti 001988om WLCSP to smart interposers | 9th IMAPS DPC 2013 | Yann LAMY | 16
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Interposer wafer level molding

7. wafer-level molding and dicing

120um thin CMOS transceiver die TSV

RF chip

Underfilled X

| 50um
molding Iy interposer

nmr e ——— e A

RF interpos ‘

er €0 uo isanb Aq ypd-zzeui-odpeL0z/LL0 LQZZ/SOg(JO/OdG/SLOZ/JPd'eI9!UE/593U9JQJUOQ'SdELU!/U-'09'SsaldUGIIE'UE!p!JGU-'//:d)N wouyj pspeojumoq

=» Laminated molding acts as an underfill

=>» Reduction of pacakaging costs

leti 0o192som WLCSP to smart interposers | 9th IMAPS DPC 2013 | Yann LAMY | 17
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Interposer assembly: balling and stand-off

8. Module balling Balls height after reflow wrt UBM

diameter and balls type

370

340
E 330 —+—SACballs - A -
Final stand-off target : 270pum £ L, OAChalls-B
ﬁ E === Polymer core balls- C
= 310 -
Balls height configurations investigations: B 200

- 2 SnAgCu (SAC) with different diameters

290
- 1 polymer core ball . /._\‘\

- 4 UBM different sizes 5 — T

270 T T T T 1
280 290 300 310 320 330
backside UBM diameter (um)

03senb Aq ypd-zzeul-odpe | 0z/L201.922/806100/0dA/E L 0Z/4Ppd-ajo1e/s0uUIju0D-SdeW/W0D ssaIdus|[e" uelpusw)/:djy woyy papeojumod

=>» Optimization possible with design
=>» Similar results than SoA WLSCP

SAC ball Polymer core =» Thermal cycling and drop tests on-going
ball

leti 0019260m WLCSP to smart interposers | 9th IMAPS DPC 2013 | Yann LAMY | 18



IMAPS 9th International Conference & Exhibition on Device Packaging | March 11-14, 2013 | Fountain Hills, AZ

TSV DC characterization

DC measurement of a 82 TSV daisy chains

99% yield on TSV,

6iH (VT6)
Ch82 TSV a lmA

221863 V

Ry ~ 15 mQ per TSV

o

5

82 TSV daisy chains

100 :
9O ———————— =—m—wafer2 %’

X 80 ——aferl g
o 70 =
2 60 H
- | TSVohain A 8
E 50 v I )
S 40 I I I I 2
g 30 g\'
o 20 3
10 E

0 : : : 18

o

0 0,5 1 1,5 2 2,5 3 3
resistance (Ohms) g

10 wafers

=» Mature technology

leti
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RF frontside characterization

Front side transmission line measurements

B Line length evaluation
== Front side measurements up to 67 GHz
== Design for 50 Ohm matching

0,00E+00 2,00E+10 4,00E+10 6,00E+10
0 F (Hz)

-0,5
-1

1,5

S21 (dB)

2
-2,5 -

-3

——L1=600um -——L2=1200um -——13=1800um -——L4=2400um

Lignes CPW 50Q
A

—

d-B|oi11e/s80UB18)U00-sdew/ W00 ssaIdud|je: ulpUaW//:d)Y Woly papeojumoq

Si02 7um

10

Substrat Si HR

4 different lengths: 600, 1200, 1800 and 2400um
Attenuation loss <0.5 dB/mm thanks to 7um IMD oxide
S11 < -20dB up to 60GHz =» good impedance adaptation

€20z Aenuer g0 uo jsenb Aq ypd-zzeui-odpe L 0z/4201922/806100/0
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TSV RF characterization (1/2
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Insertion losses for a 600 um CPW line
Frequency (Hz)
0,0E+00 2,0E+10 4,0E+10 6,0E+10

= ——Front side - No TSV See O
a S
L5 ----Back side - TSV + molding \‘\\‘
-
N
il I 2] .
~

-2,5

Substrat HR

3 typical regions:
1: Capacitive region: TSV capa driven ~ 1pF

2: Si substrate : resistive region, impact of lossy

Backside

measurments el R ; . . .
:.D_ _ @ 3: Inductive driven behavior

€20z Arenuer g0 umnﬁ £q ypd-zzeu-odpg102/.201922/806|L 00/0dA/c#0z/3Pd-8]oie/S80uBI84u00-sdewl/woo ssaidus)|e uelpuaw;//:dpy woly pepegjumoq
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TSV RF characterization (2/2
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TSV last -model
Signal
- '—|| } .
CUI R L C{IE
Cs i Cs — Gsi
Ground

At low frequency (<1 GHz): theoretical data
confirmed by measurements:

- R~15mOhms

- L=38,3pH

- Cox =1237fF

- Csi=30,3fF

At higher frequencies:
Backside Insertion loss @ 60GHz: ~0.5 dB/TSV

nuer ¢ uo 3senb Aq ypd-zzeui-odpe10z/LL01922/806100/0dA/E L 0Z/APd-8]oE/SB0UBISJU00-sdewI/WO"ssaidua)|e ueIpLaW/:diy Wwouy papeojumoq

messamens - @) 4 @ =» communication to PCB Ok for < 1GHz

=» Acceptable loss at 60GHz, room for improvements
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Molding RF characterization

Laminated wafer level
molding on 120um thin Silicon
wafer: No stress induced

Attenuation without and with molding on CPW
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- ----frontside
2 ——backside_TSV_molding

Alpha (dB/mm)

0 1E+10 2E+10 3E+10 4E+10 SE+10 6E+10

Fréquence (Hz)

effective relative epsilon vs. frequency

7 ----frontside
——backside_TSV_molding
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| 3
r
trace(T, * T{ 1) f reffectif 2nf
Measurement of 2 arcosh(————) 1
Iinesllandlz: y_ l_l 0t\\\I}\I\\}ll\\i\\\li\\ww}wllw}www
2 1 0 1E+10 2E+10 3E+10 4E+10 5E+10 6E+10

Fréquence (Hz)
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Molding RF characterization

Laminated wafer level
molding on 120um thin Silicon
wafer: No stress induced

Differential method permittivity extractio
Without molding - With molding datas

Extracted molding permittivity
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=>» Consistent with high content of SiO2 fillers
=» Tangent delta loss at 60 GHz < 0,01

=>» Low stress WL molding suitable for 60GHz appi.
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Outline

Introduction: from WLCSP to smart interposers
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Mmw interposer description and characterization

Conclusions and perspectives
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Conclusions on mmW interposer

Technological modules validated

= Promising wafer level laminated molding
= No stress observed
= Laminated on 120um thin wafer
= Underfilling

= Mature and low loss TSV-last technology
= Adaptative balling wafer-level balling

First promising mmW results

= Attenuation loss compatible with applications
= Very limited impact of the WL molding
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mmW demonstrator perspectives

Characterize the antenna with reflector on PCB | o
Realize data transmission between 2 modules
Validate the Board Level Reliability (TC and DT)

Medium term:

Rx
Implement the technology for multi antenna

= Shield the antenna from each other
= Beamforming by individually controlled phase signals

Implement phase-shifter in the interposer platform

Antennas 2ton
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From WLCSP to smart interposer: perspectives

a1 Smart
" N\S““‘e%‘s‘\\les interposer

- N\ b\e 935 | . dul
.““\a nteractive module

tunability

Many individual |
components

Tunable Tunable passives

TRANSCIEVER
Courtesy of Yole LAl

0dpe102/2201922/8061.00/0dA/E L 0Z/4Pd-0]01iE/S80UBI9JU0D-SABWI/WOD SSBIdUS)||8 uemuawéguu

TODAY

Interposer: More than
- just a « piece of silicon »

WLSCPMEMS WLSCPRF
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ALSALA

Thank you for
o et - your attention

yann.lamy@cea.fr
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