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Why 3D integration?
To integrate complex electronic systems on silicon

App Processor/DDRSDRAM Power Amps

/ Accelerometer Tanscchics 3D I‘ S

Power Amp

BaseBand Processor

A silicon interposer
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System on board With very heterogeneous dice on it (various
(Smatphone PCB) substrates, various technologies co-existings
various chip makers...). >
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3D @ Léti: Digital — Analog partitionning

Top - Digital

...-.-a.------«--.-.....
-

= ; “Bottom - Analog .

—————————

® Die - BGA connection @ Die - die connection

Wireless application

= High definition video transmitter, >1GHz

= |ntegration technology proven and concept
demonstrated

= TSV + 7 metal layers, 65nm technology

uﬁ( %
S T ——— -
3D Integration of a Wireless product with Design Partitioning
G. Druais et al., 3DIC 2011
Lleti
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WidelO Matrix TSV SoC Front Side Bumps -

WidelO Memory ’
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WIOMING 3D Technology Overview

> MCu pillar in face-to-back configuration, TSV-Middle, bottom die no backside
RDL, but copper post, Cu pillar for substrate connection

T FBGA Package

+ Size 12x12mm  « Ball Matrix 29x29
+ Ball Pitch 0.4mm + 1.2 mm thickness

Memory type WidelO

« Diameter 20 ym  « Height 20 ym

Memory FS Cu-pPillars
« Pitch 40 pm * Number 1016

Package 3D-IC

d-zedm-odpe L0z/0

[SoC Backside Cu-Pillars

+ Diameter 20 pm * Height: 3.5 pm
« Pitch 40 ym * Number 1016

Bandwidth (Gbyte/s) . 12.8

-

AT = TSV middle AR 8:1
« Diameter 10 pm « Height 80 ym
* Pitch 40 ym * Number 1016

N
200mm & 300mm processes & characterization for face to e T s Dby copper Plllare 5
back flow chart for Wide |/O, S. Cheramy & Al, 8th International « Pitch: 180/200 ym edge/central matrix

*Number 933

Power efficiency

(mW/Gbps) 2.86

¢oe ST
*99 ERICSSON

Conference and Exhibition on Device Packaging (2012) s =
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3D @ Léti: Silicon Interposer Bl

TSV 10x100pum

= Interposer size: 26x26mm? (warp management required)
= TSV: 10x80um and 10*100um
= Cudamascene routing : Metall-Vial-Metal2, 0.5um line/0.5um space

g
=
3
o
©
a
@
a
=
o
3
=
=3
°
=
3
@
=3
Q.
5
>
o
;

=  Micro copper pillars: Pitch 50um, 100 000/interposer 100 . o
= TSV exposure s ¢ 2
80 | ] 22-A b
= RDL and passivation: 10um Line / Space, one level S CIREETYS
= u m25-A Ko
= Large copper pillar: pitch 500um, height 70um S e 80 = 2s
= . +24-8 ]
3 4t E +25.8 ;3;,
: % 22-C a
20 = | %€ §‘§
. . a x%c g 5
Micro Cu pillar = ¥e
0 T S T T T Y N T T TR Mt M -~ N
Damascene 006 0,08 01 0,12 0,14g 0,16
TSV R

RDL and Passivation

Large Cu Pillar

\

Leti 2 SHINKO Joined Lab

A

€20z Aenuer g0 uo ysenb Aq ypd-zedm-odpe L 02/0.21922/22910

J. Charbonnier et al., ESTC 2012
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Smart and complex interposer

Active Interposer

Thermal Interposer

Thermal & mechanical constraints higher
and higher

Both during 3D process and assembly

Passives Interposer Photonic Interposer

RF Platform for Baseband Servers
Lighting Data centers
Application Processor (decoupling Computing
capacitance)

Health: Implantable electronics

IE‘i 9th Interfi@tddhal Conference and Exhibition on Device Packaging — S. Cheramy
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3D @ Léti, naxtsteps: Partitioning forelexibility
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2014

Multi-core SoC

184U02-sdewWl/WOoD'S!

lll llll
b

=» More and more complex
=» More and more thermal sensitive
=» Larger and larger
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3D performances assessment

01 pepeojumoq

~ =y, 7 ™, 7 >
3D specific reliability RF Model
oo MPa Q
3D & o
stacking 25 :
reliability " :
-22.5

-

A

4 201
Lt
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Thermal challenges

2D SoC 3D IC integration g

* Increased heat dissipation g

. 3

per unit surface area 2

S

= . 3

g Long wiring (from A to B) in 2D SoC  Poor thermal cond uctivity é

E Micro . . §

E Ror btk i, — |'SV bumps |ntel’ dle heatlng g

c thermal management 3

- is a big issue! ;%

* => |ncrease temperature max ‘%

Short wiring (from A to B) in |n the StaCk / g

3D IC integration with TSVs, 3

thin chips, and microbumps 8

Thermal heat spreader (carbone §

graphite, Cu, AIN §

c . . ]
oo « Simulation Heat spreader » Lateral heat speader 3
(%! Phase change materials wn g
Q — |
T . 12|
© ¢ f Measurement based on a « Dynamic smoothing | § @ |2
S S| specific thermal stack o 3 |s
— = > o |3
9 - Extraction < 3
§ » Thermal characterization S

7
S < \
Fal ry wiek

|
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Thermal simulation of a 3D stack

Max temperature in bottom and
top die is similar — spreading is

different

h=20W/m?.K

Inner convection |:

Conduction through modling E
Conduction through underfill |:

die

Conduction through underfill I:

Conduction to PCB [

Quter convection I:

h=550W/m?2.K

Thickness of the bottom die is

the 1st influent factor

i L A

Thermal behavior in stack-based 3D Ics, ESTC 2012

SMN =75.778

1000800N

5%
thickness of
the silicon
top die

18%
conductivit
y of
underfill in
the large
copper
pillar

1% 0%

0%

SMN =90.587
SMX =105.225
587

1000A00aN

90
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Bottom die thickness influence

I HTC = 30 [W/(m2.K)]
L=20mm

Temperature (°C)

leti

Molding

Die

Interconnection to
BGA Cu pillar (40um)

Boundaries conditions
taken to allow
comparative study

__ BGABalls

4

140

130
120

Die at 50um 110

0

1 —

100

Temperature (°C)

Yo}
o

[e]
o

200 400 600
Z coordinate from the BGA (um)

800

HTC = 200 [W/(m?.K)]

o

—Dieat 200pm

p—

0 200 400 600 800
Z coordinate from the BGA (um)

Increase the thickness from 50 to 200um leads to a 30% temperature

decrease
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Thermal stack

: * Dies are composed of test circuits
Top die

* Heating element (like transistor) and
temperature sensors (like diodes or
resistors)

Bottom die

* 4 heater cores per test circuits
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BGA

Large Cu pillar

—

M M Cu pillar M
N\
* Comparison and fit with 3D stack w H ﬂ H ﬂ ﬂ H
simulation possible 8 mim

* => Drawing of simulation with u H H

2% pitch

alternative ma
interconnect d

\ lzoz AKienuep go uo 3sanb Aq jpd-zg
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Heat spreader onto the 3D stack

HTC = 30 [W/(m2K)]
L=20mm

I=10mm

Possible heat spreader
material : Cu (400W/(m.K))/
graphite sheet (from 1000 to
1600W/(mK) in x & y)

of the package

‘ HTC = 200 [W/(m?.K)]

Theoretical study of the thermal impact of a passive heat
spreading layer integrated in 3D mobile device, S. Salman,

With or without heat spreader on top

<] o JP. Colonna & Al, Imaps 2013
w 7
: @ + -
2 ® F 3 2
=3 = -]
o w
3 S + @
g [: : = 2 5
= % 5
160 =2 3 / 160 3 a
B < \I a e 3
150 | g 150 ] 2
140 S: . 2 140 S e
T 130 8 T130 [ \q :
¥ 120 @ 120 g I
5 2 . o "
£ 110 g 110 2z 2 Hot spot
s [
é-’.lOO + Hot spot ué 100 / 1‘:‘- ot spo
= 4 Edge
g 9% eEdge & 90 2 g
70 70
60 60
0 200 400 600 800 1000 0 200 400 600 1000

leti

Z coordinate (um)

Z coordinate (pm)
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Bow management

/ BEOL: Several microns of heterogeneous layers

i’iﬁﬁ-ﬁaﬁ ~— <100um Silicon and very large dies (> 25*25 mm)
m-j_:i . T
: B

wi/woo'ssaldua||e uepuaw//:dpy Wwody papeojumoq

ackside Process: also an heterogeneous stack...but not the sarre

Solutions:

= Dev. of low stress material
both sides - Insertion of
polymer compensation layers

= Add compliant interconnects
= |ncrease interposer thickness
= Polymer encapsulation

€20z Aenuer g0 uo 3senb Aq jpd-zedm-0dpg102/0.2 1 922/229100/0dA/E L 0Z/APd-8]0IHe/S80UBIB4U0D

A keypoint to go to very
large interposer
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Polymer encapsulation

300um silicon, 200um molding

Z N

AL
M .. ) 13’

180um Top die s

) \ 30um pbumps

250pum molding ! — o

3

120um interposer g

Innovative Wafer-Level Encapsulation & Underfill SOum bumps :_%
Material for Silicon Interposer Application, ECTC 2013, %
C. Ferrandon & Al ; k BGA y
%

1st level S

100% molding under-filling g

€20z Aenuep g0 uo 1sanb Aq

Top die and interposer . - = e -
creation — die to wafer Molding/underfilling S L

le stacking at LETI and dicing af LET! -rence and Exl Report on BGA/CUF at ST ,, |19
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Interposeur thickness

300mm substarte bow (um)

600

500

400

300

200

100

== Dielectric with E=600Mpa
\ =9—dielectric with E=280MPa
120um
. 100um bow limit
75um
- : - ' ' Based on Stoney model
40 90 140 190

Silicium substrate thickness (um)

Submitted at EMPC 2013, Grenoble France, J. Charbonnier
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Conclusion & prospects

3DIC is the future of 2,5D but with some specific challenges to
be addressed now

saidus|je uelpuaw//:dpy woly papeojumoq

...Among with thermal and mechanical challenges

-sdew|/wos!

JUOD:

2,5D already faces to mechanical challenges — will be even
more critical on active silicon

Thermal challenges must have dedicated solution Vs
application

Both challenges have a common solution : increase bottom
die thickness

r €0 uo 3senb Aq jpd-zedm-0dpe | 02/0221.922/229100/0dA/E L 0Z/4pd-8jonie/seousis)

AR15:1E

A

Work on high aspect ratio TSV is a must

€20e
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