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Overview

* Industry Drivers for 2.5D TSV (Thru-Silicon Vias)

udus|je:uelpuaw//:dyy woly papeojumoq
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* Design & Functional Results from Demonstration
Vehicle

18JU0D

* Assembly Results Update
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TSV Industry Drivers
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Estimated Development Costs for an Advanced SoC
Millions of Dollars 5
700 - 5
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500 - g
)
400 - :
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§
100 A g
90 nm 65 nm 45/40 nm 32/28 nm 22920 nm 16/14 nm 10 nm 3
2004 2006 2008 2010 2012 2014 2016 2018 'g
W Design Cost Embedded Software Yield Ramp-Up Cost  mMask Cost ;
Source: Gartner (September 2013) 2

* Development cost for 10nm design will approach $400M
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Minimum Lifetime Revenue Requirements for SoC Designs
Millions of Dollars
3,500 -
3.000 A
2,500 4
2,000 A
1,500 A
1,000 -
500 A
0 4
90 nm 65 nm 45/40 nm 32/28 nm 22/20 nm 16/14 nm 10 nm
2004 2006 2008 2010 2012 2014 2016
B Low-End SoC Design ®Midrange SoC Design m Advanced SoC Design
Source: Gartner (September 2013)

7 nm
2018

* Requires multi-$B lifetime revenue to be economically feasible per design

* Must have other solutions

Amkor Info for Controlled Release at IMAPS DPC - 2014
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Reduce the Impact of Scaling Costs mkor,

Partitioning the Monolithic SoC

« Separating functions reduces # of layers per device

uduay|eruelpuawy/:diy woly pepeojumoq

Higher yield enabled by smaller die size

[ ]
-sdew|/woo"ssa.

Enables use and re-use of lower cost nodes

8JU00:

Lower CAPEX investment for Foundry

Cost savings offset interposer cost

Requires different I/O design, EDA software

enuer g0 uo 3senb Aq ypd-| Ldi-odpy | 0Z/72709€2/599000/0da/v L 0Z/3Ppd-8|o1e/s8oual:
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Power: Costly to Manage, and Limits Performance® wancios

* Mobile: Maximum skin temperature in smart phones requires
shutdown of cores

udus|je:uelpuaw//:dyy woly papeojumoq

* Computing: Power required to drive off substrate memory
reduces graphics or processor performance

-sdew|/woo"ssa.

9JU00

* Networking: > 50% of data center cost is cooling

* Memory: T,>80C increases the required DRAM refresh rate,
increasing power and heat

* High performance Memory: SerDes vs. Massively Parallel
memory buses

— SerDes: Reduces I/O density but higher power

— Massively parallel 1/O is lower power, but requires
very dense routing capability (e.g. interposer)

er €0 U0 3senb Aq ypd-| L di-0dpy | 0Z/v L ¥09£2/S99000/0dA/Y L 0Z/4Ppd-8jonie/seousi
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TV Design and Functional Results
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Test Vehict&dna-Deronstration  Opjectives

* Prove out custom low power die-to-die 10 functionality
— Full development board

— Memory, boot-ROM, and basic peripherals
— Software execution on embedded dual-core ARM Cortex-A9 CPUs

* Demonstrate EDA reference flow to address additional
requirements of 2.5D Design

— Interposer complexity
— Power planning with an interposer

* Demonstrate Collaborative Supply Chain Approach
— Design
— Foundry: Interposer Sourcing and design rules
— Packaging
= Assembly design rules
= Package reliability (ongoing)
— Provide a fully successful integration path

RELL%BILIT}E\:?}FLUST ‘ff & Amkor Info for Controlled Release at IMAPS DPC - 2014
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Package

Body size 27.0 mm * 27.0 mm Ball Count 672 ea Max Height 2.78 mm

Top die

Die size 4.5mm*4.5mm Thickness 0.600 mm Bump Height 0.04 mm
(Cu Pillar)

Bump pitch 40 um pitch

Interposer

Die size 10.6 mm x 7.1mm Thickness ~100 um Eic'i“mp 0.040 mm

FS Bump . BS Bump BS Bump

Height Ni/Au Height, C4 80 um Pitch 0.170 mm

REUAnnlrégggusrfg‘

Amkor Info for Controlled Release at IMAPS DPC - 2014
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Technology®

* Two Logic die contain dual-core ARM Cortex-A9 CPU
— GLOBALFOUNDARIES 28nm SLP
— Peripherals Support: DDR3, NOR Flash, UART, SPI, 12C, 12S
— AXI bridge interfaces
— (Open Silicon was awarded ARM TechCon 2013 “Best in Show” IC design)

uduay|eruelpuawy/:diy woly pepeojumoq

u0o-sdeWI/WOoo"SS8

* Custom die-to-die IO Drivers
— Lower power

— 16 GB/s full-duplex data-rate
across the two die through the
silicon interposer

= 64 bit datapath @0.5GHz
= 2 ports, bidirectional
— Demonstrated ESD performance

/

* Custom Interposer
— GLOBALFOUNDARIES 65nm Cu

€20z Arenuer g0 uo jsonb Agyp
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* Development Board
* Two ARM CPU die
* 64 bit AXI bus between die

L

* Dieto Die interface functionality tested
through software running on the two CPUs

Die-to-Die ARM AXI Bridge

y ,Ma!m/seoueje;uoa-sdew!/woo'ssajdueue‘ue;puaw//:duq wouy papeojumoq

64-bit AXI
Bus

N— ]

N

64-bit AXI
Bus
S~~~

PEpOOEEs

P02/

64-bit AXI BUS at 500 MHz 64-bit AXI BUS at 500 MHz

o

\

Silicon Interposer Development Board
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* Custom Die-to-Die IO Bridge

= 40 um bump pitch micro copper pillar

= 78% area reduction compared to equivalent GPIO |0 size

= Saved 50% of D2D bridge area

— Smaller u-bump pitch could have been used

— Die to die bridge area

= 16 GB/s full-duplex data-rate across the
two die through the silicon interposer

— Lower Power
= ~0.5pJ/bit (average)
= Off-die connections (>7.5pJ/bit)

— Achieved 100V CDM ESD protection
= 4 ESD experiments were designed

RELL&BILIT‘A{{\gRUST ﬁ &

AN
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Die-to-Die
TX cell
16x36um

microBump

Standard Cell
Logic Region

Die-to-Die
RX cell
16x36um

microBump

Die-to-Die
TX cell
16x36um

microBump

Standard Cell
Logic Region

Die-to-Die
RX cell
16x36um

microBump
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Functional die-to-die bridge was successfully demonstrated
and characterized

udus|je:uelpuaw//:dyy woly papeojumoq

500 MHz performance good match with simulations

-sdew|/woo"ssa.

9JU00

2 GHz functionality expected
— Simulations show 2GHz is OK

Power planning
— Used Interposer to make robust power grid
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Assembly
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Chip
capacitor Flux apply
FIELTE attach

Substrate

Interposer

placement Reflow Flux clean

Bake/ Visual
Plasma inspection

Top die Visual

Reilow placement inspection

Flux clean

Visual
inspection

C4 & u-bump Visual Lid attach

underfill inspection

Visual Laser

S el inspection marking

Packing

Interposer placement Top die placement

[y
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* POR Flux and UF materials
» Consistent C4 and Copper Pillar standoffs

o1dus||euelpuawy/:dly woly papeojumoq

Top Die

d—apgueﬁeoue:e;uoo—sde i

Interposer

HDBU Substrate

pd- L d1-0dpyL0Z/Y2709€2/699000
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ARM Demd Triterposer Attach TG Substrate’
* C4 joint of Interposer processed :
with Tensil SiN film on the backside et i

HDBU Substrate l I[ ]

Position Center i Max ‘ Range Average

Top left corner Top center

€20z Atenuer g0 uo 1senb Aq ypd- | L d1-0dpy L 0Z/v L #09£2/S99000/0dA/Y L 0Z/4Pd-8[onie/s80uaI8ju0o-sdew/woo ssaidtst et

Bottom left corner Bottom center Bottom right corner
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ARM Demd Titerposer Attach " To Stbstidte” mkor

* Interposer processed with Compressive SiN film on the backside

* Extensive library of BS film stress recipes

Position
Top 63.4 66.0 64.5
Bottom 63.6 65.7 63.9

Technology®

eIpUBW//:dNYy woly papeojumoq

Unit; um

e

1dus)|

Min ‘ Max ‘ Range Average

-sdew|/woo"ssa.

63.4 66.0 2.6 64.5

9JU00

Bottom left corner

RELL&BILIT‘E\E RUST ﬁ &

Amkor Info for Controlled Release at IMAPS DPC - 2014

Top center Top right corner

Bottom center

N arr———
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* Top die Cu pillar u-bump joint with
Tensile SIN Film

Position Al-Left | Al-Right | A2-Left | A2-Right Min ‘ Max ‘Range Average

Top

Bottom

RELMBILIT&RUST ﬁ & Amkor Info for Controlled Release at IMAPS DPC - 2014 22 Amkor TSV Team
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* Top die Cu pillar u-bump joint with
Compressive SIN Film

dewi/woo ssaldus|e uelpuawy/:dpy woly papeojumoq

Position Al-Left | Al-Right | A2-Left | A2-Right Min Range | Average
Top 41.6 41.9 424 43.2
41.1 43.2 2.1 42 .1
Bottom 42.0 42.2 411 42.2 Unit: u

D !UE/SGOUSJBJ;O-S

RELMBILIT&BUST fg & Amkor Info for Controlled Release at IMAPS DPC - 23 Amkor TSV Team



Warpage: INt&rposerattcred td Substrate: mikor

Technology®

* Warpage tuning for optimum top die attachment

= Stress1 =@ Stress?2 A Stress3 == Stress4
70

60

50 <

Signed Warpage [um]

-10

-20

-30
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25C 75C 100C 125C 150C 183C 200C 220C 240C 260C 240C 220C 200C 183C 150C 125C 100C 75C 25C
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* SAM (Scanning Acoustic Microscopy) confirmed no underfill void
* Cross-section confirmation

* Extensive UF material development for u-bump pitches

SISIU00-sdewl/woo ssaldus|(e’ uelipuawy/:diy woly papeojumoq

AVATAR

Visual image X-section image
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RELMBILIT&BUST ﬁ & Amkor Info for Controlled Release at IMAPS DPC - 2014 25 Amkor TSV Team



ARM Demo TV lfterptyseryield-Stmmmnrary =

5

g &

No. of Die Processed
2

Incoming

REL[ABILIT&RUST ﬁ &

93.7% Cumulative
Yield

F5 Bumping MEOL1 BS Pad + RDL MEOL 2
Interposer Process Steps

Amkor Info for Controlled Release at IMAPS DPC - 2014
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55.0%

50.0%
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B Mo. of Die
=="ield
iy Cmim Yield
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* Collaborative model works : Design, Foundry and OSAT.

udus|je:uelpuaw//:dyy woly papeojumoq

* Die to die 10 signaling performance met or exceeded
expectations

-sdew|/woo"ssa.

9JU00

— 10 power reduced to 0.5pJ/bit

— 10 die area reduced to 22% of typical off chip 10 (GPIO)

* Interposer warpage tuning fully demonstrated

er €0 U0 3senb Aq ypd-| L di-0dpy | 0Z/v L ¥09£2/S99000/0dA/Y L 0Z/4Ppd-8jonie/seousi
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