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Node N-1

Yielded Die Cost

Node N+1

The next node may
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Gate Costs for Bulk CMOS and FinFET

"

$1.78

1.5 -

Gate Cost per 100M Gates (5)

0 r .
Q42015 Q42016 Q42017

Source: Intemational Business Strategies, Inc.
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Log Decreasing Size

Integrated

Circuits

CMOS

Bipolar

Packagin

GaAs

Today
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Samsung

16Gb NAND flash (2Gx8 chips),
Wide Bus DRAM

Micron

HMC DRAM

Intel

CPU + memory

Sony

CMOS Sensor

Xilinx

4 die 65nm interposer

Top chip (45)
ST S e S
Bottom chip (130)
et i e o

Raytheon

PIN Detector Device
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« Sensors
— Heterogeneous materials
— 100% array efficiency
— Data reduction
« Computing
— Eases power issues — a lot in some cases
— Improves latency
— Accelerates new technology introduction

« Mixing MEMS, RF, Mixed Signal, Processing
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* Via First

* Via Last

* Viaat Front end (FEOL)
* Viaat Mid line (MEOL)
* Viaat Back end (BEOL)
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Substrate)

2nd Level
(Thinned <
Substrate)

1st Level <

Yy Substrate

“SuperContact”
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Packaging Wafer Fab

i
—3 3D-ICs FE |
Y Thiolid ermsieeq  100-1,000,000/sqgmm CMOS 3D
IBM/Samsuing 1000-10M Interconnects/device IBM
1s/sgmm - 100,000,000s/sgmm
Peripheral 1/0 - Transistor to Transistor

=  Ultimate goal

= Flash, DRAM
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One

10 Diameter i 1u Diameter

Copper TSV Tungsten SuperContact
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SuperContact™
I
200mm
Via First, FEOL

SuperContact™
AV
200mm
Via First, FEOL

Size 12pn X1.2 0.6uX0.6pn
LXWXD X 6.0p X2u
Material W in Bulk W in SOI
Minimum <25p 12u
Pitch
Feedthrough 2fF 0.2fF
Capacitance
Series <15Q <1.75Q
Resistance

Interposer

Bond Points

TSV Wafer
WOuX0p | 12uX12p | 25uX25u
X100 Cu Cu
Cu
30 241 Su
150fF << <25fF
<0.5Q < <
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*TSMC * Micron

* Tezzaron « Samsung
* Xilinx * Hynix

* Intel

L, -

Samsung : Stacked Flash

Eight Stacked Chips [WWSP]

« Stanford
* Besang
*LETI
 Sandisk

Matrix: Vertical TFT
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*RPI

« IMEC

« LETI
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Infineon : W deep via

S| Stak (Schemstc)
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IBM : SOl wafer

thinning -
1
GLASS e
200 nm
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Oxide

Silicon

IANAN

Dielectric(SiO2/SiN)

Gate Poly

STI (Shallow Trench Isolation)
W (Tungsten contact & via)
Al (M1 -M5)

Cu (M6, Top Metal)

'I'I'I'l

“Super—Contact”
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Covalent Oxide Wafer Bonding

leZaron Tezzaron Semiconductor 07/16/2014



Two wafer Alian & Bond — Course Grinded— Fine Grinded

7

—— A ; \\

\\\\ ¢ 7 / p

High Precision Alignment

Misalign=0.3um

ap———

6KU X B @ﬂdﬁ’in Wafe
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3rd wafer

1st wafer: controller

B B
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1st wafer: controller

This is the
completed stack!

_ BN
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A SCNES

0.6um trench

i i ‘]’i : % i
@'9004 W#311J40‘IZBF-07A 1.2um T
00 50KV 2.4mm x5.00k SE(U) 6/24/2014 |
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* GaN
« 3D CMOS/InP/GaN
* Graphene
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Mem controler layer in bottom

Capillar Al pad
underfill 3DMem TSV rad <lum
~50um C2W cu2Cu bond
~Sum pitch
p~150um;
TSITSV HR sum
100/10um

RDL|

3DMem|ft section 3DMem # section N

conTH2

TSI (~2ML BEOL w/s=2/2um )|

Tezzaron
Collaboration

c4 bonds
~150um pitch
H™80 um

l

= |

=

-

— = =
1

IME A-Star/ Tezzaron Collaboration

T

— =

HBumps Die to Wafer Cu Thermal Diffusion Bond

L C4 Bumps

2 Layer Processor

FPGA (4Xnm) level#4

level#3
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— Power Conversion

— Cooling
— Photonics

« Optimization
Die footprint
HUBs(20x25 mm) Stacked device
CPU(s) (20x25mm or CPU
NHUB

— Extendingto power SOt
« Mixed PCB/IC Metaphor 5’*"2“1"1*6'*"35\

Tiles with MHUB, Power supply chips

SERDES, and Memblocks
.y

Complete
system
20TFlops

200G packets/s
16 x 10Tb links
~1200W

Full reticle

"_I < B :"'-"_'_ . footprint
- e (28x24 mm)

26
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http://www.fnal.gov/pub/today/archive/archive_2014/images/3dchip-14-0054-06D.jpg
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Optical Coupler 3 r = S Optical Coupler

« 2.5pJ/bitpower target

« Bare metal protocol
— Ultra low latency
— Protocol agnostic

« 8 core Fiber I yy
« 28Gb SERDES or 2.5Gb low-swing interface N
Self-calibrating self-tuning
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View from outlet side | T Nl
| \\\ \ SRS

RS \\\\\\\\\ \\ 3 \\\\\\\\‘“
f= === =
AN

Aluminum plate TR

View from side

T

Metal/Lexan Gas Bypass Cut
Cover
ﬂ Chip Seal ? :
qumd Girdle Gasket
. Manifold . el .
Aluminum plate

Gas Bypass Cut

— Chip Seal
Liquid Girdle Gasket
Manifold

— -

Metal/Ceramic

PCL#140312007 W#4030402EA-01C Block#4  Pillars

AC-4800 5.0kV 2.5mm x300 SE(M) 3/12/2014 100um
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“Volume” 2.5D and 3D Manufacturing
Interposers

— High K Caps

— Photonics

— Passives

— Power transistors

ReRAM

Development of More than Moore
Technologies

— Microfluidics

— Integrated sensors

— Image enhancement technologies

Cu-Cu, DBI®, Oxide, IM 3D assembly
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MEMORY AS AN EXAMPLE
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Memory |
Bits '

Periphery
* Decoders e _

W HEHE
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Gen4 “Dis-Integrated” 3D Memory

R A

— DRAM layers
4xnm node

T H frecece  xaaaaas
saa¥ e +1'*6n+1+n+|+0+0+

EEgll o SEEOeEee | s
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;_,. el zc‘ctltc‘t Rt
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b4 4 p

g ErE

2 million vertical
connections per lay per
die
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lIlfr lIlfr lIlfr lIlfr lIlfr lIlfr lIlfr lIlfr lIlfr lIlfr lIlfr lIlfr lIlfr lIlfr lIlfr
if if if if if if if if if if if if if if if

'!r '!r '!r '!r '!r !r !r !r !r !r !r !r !r !r !r

Controller layer

I/O layer contains: 1/O, contains: sense amps,

interface logicand ——— CAMs, row/column

R&R control CPU. decodes and test

65nm node . . engines. 40nm node
Better yielding than 2D equivalent! :
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Photonic 1/0

 Lowest Power
*  Highest Performance

Pico-SerDes 1/0

. Lower Power
Moderate Performance

SerDes 1/0

« Highest Power
 Moderate Performance

2.5D Si or Organic

 Low Power
* High Performance
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— 16xdensity

« Optimized processes and shorter wires
— 75% reduction in latency
— 40% lower power

« Memory layers are almost all memory
— ~50% less silicon per bit

« On-board intelligence in a logic process
— Higher yield
— Higher reliability
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(30) 4 Gb DDR3 DRAMs =1 Th/s Packet Buffer

P L b b bl b bl &l l bl d
L L L L L L L L L L L L L L L d

(12) 576 Mb RLDRAM3 DRAMs =12 BT/s Tables
S S S S S

(4) 576 Mb SigmaQuad-l1le SRAMs =5 BT/s Stats
= L L 4
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1/, the size
*1/, the power
Network

Processor :
DIRAMA4

22 MM X 19 14 mmx 12.5 mm
mm

26 mm x 32 mm Interposer
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Si Interposer Memory Hub Memory Stack SERDES
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TSVand C4 bump Ceramic Substrate
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Sensors

Moore’s Law 1s about economics
— Theend isnot an if but a when

The realms of integrated circuits and
packaging are overlapping and unifying
3D and 2.5D will be pervasive

— Heterogeneous integration is key benefit

Numerous opportunities
— It’s all about design!
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