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OUTLINE

°* The main technology drivers to move towards 3D Integration
°* Basic 3D integration technologies

* 3D integration: applications to « image » sensors

°* Takeaways
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Derwent’

AcClarivate Analytics company

@ Since 1967

ik 2,000 people

Patents:
<+« > 3,000 in portfolio
* 40% under license agreement

v,

AR T Startups:
e ﬂ » 69 created for 20 years (75% in
; T activity)

« 3500 jobs created

Cleanrooms:

» 500 state-of-the-art equipment in
200 & 300 m?

* 10 000 square meters cleanroom

@ Budget:
&= . 315 M€
« 85% from R&D contracts




TECHNOLOGIES FUELING APPLICATIONS

MATERIALS FOUNDRY COMPONENTS FUNCTIONS ALGORITHM SERVICES
PROCESS DEVICES ARCHITECTURES SOFTWARE PRODUCTS

£ Fotolia¥CEA

- Adobe Stock/CEA

<
w
S)
=
S
2
(7
@
9
x2)
)
<

monsitj

o, Sar.géngarasov
\ 2

SO, SiC Si Photonic, LED, T-MOS, RF Front-end, Data fusion, tracking Localization, Lidar
GaN, IlI-V, 2D FDSOI CMOS, RF Switch, Sensors & actuators, & classification Autonomous
materials ... MEMS, NEMS, NVM-RAM, TSV, Neural Network, algoritms, Driving, Structural

3D sequential ... PMUT... Display, Cybersecurity cybersecurity ... Health Monitoring

Mastering the entire value chain.
Gathering a complete ecosystem.
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THE MAIN TECHNOLOGY DRIVERS TO MOVE TOWARDS 3D INTEGRATION

°* Moore’s law is slowing down

42 Years of Microprocessor Trend Data

Volume Production Technology Node Transitions

el A I A o
| | : 1 i Transistors Nanometer
| | i LA A
b A :A.ﬁ ,,,,,,,,,,,,,,, | (thousands) 110 + DRAM
A)i“‘:‘ 100 +~ NAND
: : A A : . N
105 F A L Aaata e oo - Single-Thread 90 X A® s Lsi
Moore S law ““ 3 A (Ao Performance &3 L ST . MPU
10t b ; 1 A{} .0“ | (SpecINT x 107) 7o | Yy 4 — = Trend 90 to 32 nm
: : - ; TS :
103 A :t; e A 3.‘ I!h“.‘ |l. Frequency (MHz) & X A 5:\0 ------- Trend 32 nm to horizon
- LA s, . N - . = ... w7
: : o c - N
A 6 ﬂ-. i v ‘x * Typical Power %0 K \‘ *
102 | e 3.§ e.- v v';; 12942 A 'f }{‘ - (Watts) 40 e Forecast3Q4->
. u® v v : *
1 e A NS 1 ] Number of % i P o
10 F - T A oo g% = - 20 Ky oeesten, e ®
s u v . td Logical Cores <~ w— ke T
Falhe y Y T Y vy : . e 10 x2 =y
Ol e o e ) AP = e
10 rge e SHL W SonS Samesn “Parallellsm T
. . . 8 2 & B & & B2 = & @& & ©
1970 1980 1990 2000 2010 2020 cofs o o s s s s s s e e s A
v Source: data collection of SEMI World Fab Forecast reports (June 2014)
ear

Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2017 by K. Rupp
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THE MAIN TECHNOLOGY DRIVERS TO MOVE TOWARDS 3D INTEGRATION

Costs’
USD, millions

6.000 Cost of capital to build fabs

Moore’s law is slowing down lomm,  have accaleratad aer sanm3

transition, while R&D cost

5,000 — - continues to rise
0450 - .
- * Capital cost
4.000 — Building a 14nm costs
0400 ~ ' ~40% more than the
\ previous generation fabs
| - * Longer to process because
0350 -~ 3,000 = of multipatterning
N - Moore’s law « Requires 1.4X times the
0300 \ equipment to get the same
sy \ 2,000 throughput
s
E 0250 N * R&D cost
g - 1000 B Transitioning to 11nm is
S \ ' expected to require 1.5X R&D
= .0200 A ‘\ resources
= [ * Simple scaling no longer
i ‘ o] 1 1 1 1 1 1 1 Simpl li I
b 0150 4 0 2 4 5 8 w0 12 14 18 18 20 22 24 holds a!"ld more complex
2 - innovation is required
O Performance,?
Million transistors per mm?
L0100 -+
"Assuming a 300mm wafer fab with 30,000 wafer monthly capacity.
*Performance is calculated based on transistor density at each node reported for Intel products.
.0050 7 *Nanometers.
.0000 - T T T T T $580M
90nm 40nm 28nm 20nm 16/14nm 54220
7,00
& 6,00
£ $435M
£
o 2,00 2
s .
g <
8 4,00 &
2 & s200M
Q
S 300 3
g H
A <
® 2,00
£
o - $145M
2 1,00 ® —e
$70.3M
0,00 $51.3M
’ $28.5M $37.7M
0 20 40 60 80 100 120 140
SOM
Node (nm) 65nm 40nm 28nm 220m
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THE MAIN TECHNOLOGY DRIVERS TO MOVE TOWARDS 3D INTEGRATION

3 Eras of Demand ! by QZ?
o\ "> =
. . Cloud JeT
2 paradigm shifts P W L
] a\e\ 4s Neuromorphic Zogniiive
T\ ouse® p = . 4 <~ Al
* Move to a System Approach ::f‘iu e ;“ _ % 7 R
* Silicon industry was technologically driven e @: U ;zd c% o
. i Law (C  Video
* Focus on function and usage => develop SiP onf® prope  Geme
. . . Trans stor ilitary > ellutar
the suitable technologies accordingly soc Chiplets ™
‘ SOC SyStem On Chlp N N-" 192";;“"“819705 1980s 1990s 2000s 2010s 2020s 2030s
* SiP: System in Package N Node | I _ .
e  Parameters: Die Partitioning | N-10r N-2 Memory Size/Density
1Tb .
* Performance, footprint, form factor | [ MNode M bodo 3126b | 3 e oArMDansysbibws A
*  Energy consumption Memory Memory o | o e
e Cost 64Gb DRAM Density Gap s Increasing ..'
178 = IbillionTB 175z i ,.-"ﬂ Jl
: ; g “ a0k 15 yer bebind
* Move to a data centric paradigm o s e s
* Data is the fuel of our digital society 2l s 11 s
* Deluge of data e fz < o s
* Data storage is an issue 33"’“" v
* Risk of Si wafer shortage 2-03-.-—”-.!.“...20! ..... e 1994 1998 2002 2006 2010 2014 2018
°* Only 2% of stored data is used => Al S 10w e, 22 s s 5
Ishlmaru, 2019 Clapp, 2015
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THE MAIN TECHNOLOGY DRIVERS TO MOVE TOWARDS 3D INTEGRATION

Performance and latency -
Off-chip memory

* Logic devices: Von Neumann architecture ot |1

Accel-
- erator Ll output
. Device

* Performance of CPU or GPU increases with

generation nodes (Moore’s law)
* Perf= #cores*f_ . *#operations/cycle

° But not the memory bandwidth (BW) => y
memory bottleneck g "
— go.s
* BW=w,*,Sdatarate g B
L @ 06 ‘e.®
z ormance § ’
g §0.4 .
E o : 0.2 L °» L] 1o, .
E 10.00X = ol . .
‘é_ May-05 Oct-06 Feb-08 Jul-09 Nov-10 Apr-12 Aug-13 Dec-14 May-16 Sep-17 Feb-19
£ Memory bandwidth per
Loox operation in server CPU

Feb-08 Jul-09 Nov-10 Apr-12 Aug-13 Dec-14 May-16 Sep-17 Feb-19 and GPUs

Source: Lisa Su — IEDM 2017
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Power/Energy consumption

° Energy operation decreases with
generations (Moore’s law)

* Data movement consumes a lot

* Power for moving a bit in a conductor:

* P= data rate*L/cross section(w)

°* Shorten L and/or increase w

100002

.00X

—a—28nm 2D —&—14/16nm 2D —&—7nm 2D

THE MAIN TECHNOLOGY DRIVERS TO MOVE TOWARDS 3D INTEGRATION

10.00X

¢ :,-.""’
a
16/14nm
45nm e 20/22nm
e Legacy GDDR5 Memory Chip HBM Memory Configuration
. 32nm Configuration
2006 2008 2010 2012 2014 2016 2018 Source: Lisa SU — |ED|\/| 2017
@ Energy / Operation A Density
as

L v 1 v 1 v T a0
.5 1.0+ . N
.éi 4
2 0.8 -
§ ]
g 0.6+ 4
2 o
° il
g 0.4+ “'\g\\e‘ ved et |
© 7_5% \0\3\90«
£ ] 59“‘9 ]
S o
=z 0.2 M x

04 0.6 0.8 1.0 1.2
Frequency (GHz)

—e— 28nm M3D —w— 14/16nm M3D —<— 7nm M3D

=
o]
=~ 10000
)
2
g 1002
— =t+=now
8 =#-20182
- — 10
o
1 T T T T
R S R
& ] A 5
N o® & & © & &
& & & S &
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J &

Source: S. Horst, Optical Interconnect Conference, 2013

Sinha, 2020 2.5D
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THE MAIN TECHNOLOGY DRIVERS TO MOVE TOWARDS 3D INTEGRATION

1000 Reticle Limit

Cost savings
°* Wafer cost is key

° Chip costincreases with:

* The manufacturing node
°* The Siarea
° SOC requ”-es huge SI area Oct-06 Feb-08 Jul-09 Nov-10 Apr-12 Aug-13 Dec14 May-16 Sep-17 Feb-19

@ Server CPU @ GPU

°* But the chip yield decreases Source: Lisa Su — IEDM 2017
W|th the S| area Monolithic 32 core Chiplet 32 core

Die size (mm?)

die cost = 1.0X silicon cost = 0.59X

100% BE(2) D=0.22/cmA2 ViCH El 0 e o

90% —BE(2) D=1.0/cmA2 cex cex

80%

70%
T 0% Cex CCX
£ 50%
o 40% CCX ccxX
S 30% 26% -

20% 1 cex CcCX - 2

10% | 5 4 . ARM: 5nm, 500mm?2 => 32%

o o8 B0l Hiol Hie
0 2 1 6 8 ' : GF: 625mm?2 => 63%
Chip Area, cm? Hypothetical EPYC™ 32 core Actual EPYC™ CPU implementation of

monolithic die without replicated 4x 213mm? die per package = 852mm?
logic, etc. = 777mm?
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THE MAIN TECHNOLOGY DRIVERS TO MOVE TOWARDS 3D INTEGRATION

New market strategy o

* SoC was the Si industry behemoth SoderBumps ————— 38

* Chip assembly, packaging and test
usually outsourced (OSAT)

°* Human resources => Asia

°* Introduction of wafer-level
packaging

°* |P and EDA became avali

SYSTEMPlus

° Intel, Samsung and TSMC_entered Iin
the 3D game

°*  W2W, D2W, Chiplet...
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OUTLINE

°* Basic 3D integration technologies
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BASIC 3D INTEGRATION TECHNOLOGIES

* 2.5and 3D interposer based integration
* Dies are placed/stacked side by side on top a 10°r
passive Si interposer based on TSV ol 2
* Through Si via (TSV) E 3D partitioned IP 9 \ ‘:;f,
* Organic, glass... 10 e e g
* 3D Wafer level packaging 2| cripless ?00\50‘3‘“9@ - E
* Wafer to wafer R ntespasee et I TV oo esim seorisdine o p@*""““‘é@éwo o £
* Die/chip to wafer — 1Q AT
* 3D stacked ICs E ﬁ;j\_m— 1000 oo 10 1 oi

Connection Pitch (um)

CHOMONMONONONONONS)]

* Hybrid bonding
* Chiplets

* With an active interposer
* Monolithic 3D-IC

--«-n‘v

3D + Interposer: Mix of side-by-side and 3D Memory on Logic: One or more
stacked implementations on an interposer  DRAM die stacked directly on logic die

System in ‘ 2.5D-IC

Heterogeneous Integration Monolithic
Package (Silicon  Ultra-High-Density Bump-Less (Disaggregated SoC) 3D-IC
(sip) R Module Interposer) ~ RDL/FOWLP 3D-IC Photonics
II (J @ (J L) (J J J
1998 2004 2010 2016 2018 Now Future
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BASIC 3D INTEGRATION TECHNOLOGIES

3D/2.5D PACKAGING MARKET DRIVERS

— TIMELINE <2019 — 2020* —— 2021 — 2022 —— 2023 —— 2024 —— 2025 —

TYPES OF
l\Y 0 L E YMTC Periphery + Array TECHNOLOGIES
A y Développement X-Stacking Hybrid bonding
Intel HBM+GPU
Kaby Lake-G HPC (x)PU in Servers
Intel FPGA TSMC & Intel — 3D SoC
Stratix 10 Intel FPGA + Chiplets 2.5D interposers
Agilex
UHD FO
NVidia GPU Interposer HBM2E
Al00

Stacked DRAM
Samsung HBM 3DS
Flarebolt

SK hynix

Google (x)PU Intel Exascale GPU - HPC

Samsung HBM2E Ponte Vecchio: Co-EMIB

Flashbolt Intel CPU + Active Interposer

Intel Lakefield Foveros Core i5-L16G7

I/O DENSITY

Intel (x)PU Ethernet Switch
Tofino2

- AMD GPU NVidia GPU
Xilinx FPGA Vega Frontier Pascal 100 Broadcom (x)PU + HBM
Virtex Uhtrascale Jericho2

) HPCs potentially for Tesla and Cerebras
TSMC infFO_SoW

HiSilicon CPU (Storage) 10, Sow w4 07
Hil610 (Now known as Kunpeng)
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PHY GPU/CPU/Soc Die
= O B

1 1 1 1 ] [l 1 1 1 1 1 ] 1 1 1
B E B B & & B & 8 8 & & &8 & &
Package Substrate

AMD

Microbumps
Access to power/ground/los
Access to logic regions

Through-Silicon Vias (TSV)
Bridge power/ground/los to C4 bumps

*  Coarse pitch, low density aids manufacturability
Etch process (not laser drilled)

Passive Silicon Interposer (65nm Generation)

* 4 conventional metal layers connect micro bumps & TSVS
No transistors means low risk and no TSV induced
performance degradation

Minimal heat flux issues
Minimal design tool flow impact

g Microbumps

Silicon interposer
Through-silicon vias
C4 bumps

4 BGA balls

W-contacts Photoresist (TSV) PMD/STI/Si Dielec;tric
devices active EtChjed hole TSV liner
Mu‘: v jll'll' Il j“
Si Substrate Si Si
Front End Device TSV Litho TSV via etch Dielectric liner
processing Resist strip & clean depositon
ECD Cu ECD Cu

Cu barrier Cu seed

Si

Si

Si Si

Barrier and Cu seed
deposition

Bottom-up Cu
electroplating

TSV Cu anneal

CMP Cu / barrier

and Liner

BASIC 3D INTEGRATION TECHNOLOGIES: PASSIVE INTERPOSER AND TSV

TSV Scaling

P

WE

(4

A\

<
> 7 )
&

==

5um &, 3um J,
50pm deep 50pm
AR 10:1 AR 17:1

2um 9,
40um deep
AR 15:1=20:1

E. Beyne, IEEE Design, 2016
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BASIC 3D INTEGRATION TECHNOLOGIES: 3D SIC OR SOIC

Barrier layer

4 10

Dielectric layer

el Laed 5L U Nyed hd M had . bye s hescw Ylee |

Q00 O ;

Stack of 16 o
DRAM 0.6

0.5

Micron
Energy /hit

A fos | A
b L
: i -.-.-|- i =t || I I: »-I' K

€4 Solder Cu Pillar Cu pPillar Cu pPillar Cu wPillsr Cu Pitar C4 :> p-bump E Bump-less

oo 10040 WOVS 1000’ asoND. 1000040 (Flip-Chip) (3DIC) (SolC)
~120/mm? ~ 800/mm? 12,000 —
1,200,000/mm?

| =— underfill & microbumps
~—microchannel cover
a—ILD & metal layers

1OET] I&C4 bU.IIIPS

U U sitionl] UPJUE L
$0006000000000000000006000
Package substrate

7.:_1 - £ - %Au pillar et Bond
—xty o 5 = = ielectric
BGA balls T e ... w1 T T F
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BASIC 3D INTEGRATION TECHNOLOGIES: (HYBRID) BONDING

* SiO,-SiO, bonding: the most efficient ,
*  Si-Si bonding not useful for 3D integration “x“_"""f.‘i’y;'_,

* Metal-Metal bonding s
* Cu-Cu is widely used

* Hybrid Cu-SiO, bonding
* Used for W2W and D2W bonding

Fournel, 2015

ZA

a
Si0, | Cu | ?ioz fiu | Tﬁrrfsf
deshing v MGy axpabsion] < J—
Si0, Cu Si0, Cu . \ 200 nm

{a-i) Bonding at room temperature (a-ii) Postbonding annealing for
Cu-Cu bonding by self-compression

Hybrid bonding without external compression

Misalignment y-voids

External ression
b
i0 Cu Sio Cu |
3o ¥ ¥ ‘
-f MMCu exparjsion) M
Sio; Cu Sio, Cu

{b-i) Bonding with thermo-compression  (b-ii) Postbonding annealing
at elevated temperatures for bonding enhancement
Hybrid bonding with external compression
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BASIC 3D INTEGRATION TECHNOLOGIES: D2W AND CHIPLET APPROACHES

[ Scalable & Distributed NoCs @ ’@ @
Any chiplet-to-chiplet traffic
=
Chiplets él/}l
Clusters of Cores /] .ﬁ- '
Ty {"._-‘—2‘-’/‘ {Z—=s Power Management
Active s ‘—'7 Close to cores
() Interposer - o SoC infrastructure
/ Analog, I0s, PHY, DFT

—

Additional features ]

Chiplet (16 cores) 6 Chiplets
. (FDS0I28)

~a

¢

»

96 cores :

B =] & p; . r—— a L m E L :
| ! E “ ! ﬁ 5 f | rap - Active 3D-st: r.:lelz.'ets
_ " — Interposer . . ched on
1 (T b — (CMOS65) active CMOS interposer
Hydrophilic Hydrophobic area Liquid ) Self-assembled fod ;
area (oxide) (Si or fluorocarbon) droplet KGD KGD Power supply 3D Plug(s) Power supply ” ooy sl Next Chiplet (x6)
p-bumps, @10pum
_ d I 3 - [ 72 shortreech- passive % ——————p
. . g fomprevchblt| 3D Plug(s)| & : [3DPlug(s to next chiplet
» ‘ . g' . #{ L2.L3 - long reach - asyne. - active : Ppommm—p
- = [ Sensor | mmmm ==|__L3-External-Mem - syn. - active -»
arrier wafer @ FLL - 2 0.5v-10v MEM:IO brid,
2 [ scvR (1 per chiplet) | _!| SCVR (1 per chiplet) | "
(a) (1] (c) (d) (e) -
] HE
- [ 1 | I CI) CI) | Pigloveten

. C4 bumps () @90um () (@) O 0O O Q Q Q _
Vivet, 2021 Clk, Rst, Config, Test Package Substrate 1.5-25 Vopanper  1-2 Vopmape® PCRX 3201

Qe Qe O O O O O O
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BASIC 3D INTEGRATION TECHNOLOGIES: MONOLITHIC INTEGRATION

Complet :
.A,_E’_'Etpﬂ_‘?f_ls_'llgr (b) CQTﬂﬁfion of 2 Tigr (a)

/ T emos

+ D

!_F‘,‘- -
Memory
stack

3D-NAND - 128/176 stacked layers

monolithic (a) 4
inter-tier via
(MIV)

inter-layer
dielectric
(ILD)

(a) CMOS Tr. & Metal (M1-My) (b) High Voltage Tr. & Bottom metal (BM1-BM,)
My BM, T
BM
einini I einie i I = = |
1 1 WL Pass Tr. HV Switch
. — T CMOS circuits NAND Wafer
§ — ILD (100nm Si02 ' (d) Top metal face-to-face bonding (M, and TM;)
H iy — ﬁ PEEr ey MIv (c) 3D NAND Cell & Top Metals (TM1-TM,) NAND Wafer y53,mg an “11 ssed 1M
2 - ey
Bonding Layer (2.5 um BCB*) 1 m T I -} I I I -} -
ILD (100nm Si02] N':LPD
I i ISecund -layer wafer

. I Second-layer Diameter: 4~8 um Diameter: ~50 nm
- — _ Depth: 20~50 pm Depth: ~100 nm
[ ] I B oichse16um Pitch: 44 nm
#*Benzocyclobutene (BCB)
-

TSV-based 3D IC Monolithic 3D IC I — MK- :
(a) (b) NAND Wafer M1
|

Lee 20 18 CMOS Wafer 'cmos circuits
)
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OUTLINE

3D integration: applications to « image » Sensors
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3D INTEGRATION: IR SENSORS

Uncooled IR sensor: micro-bolometer

Bolometer

SiROIC

IR absorber Bolometer film

Support leg

Interconnection

Rogalski, 2016

Cooled IR FPA

Bulk CMOS

Alignment . Thinning
Wafers from

Mark RIE

Aligned Bonding of Thinned
SiIC2 & Carrier Removal

Vertical
Interconnects
& Top Pattern

Vertical
Interconnects
& Top Pattern

Temple, 2006
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3D INTEGRATION: CMOS IMAGE SENSORS - HYBRID BONDING

Peripheral
On _chip color filter and micro Jens TSV i
Photo Diod (Pikel-DRAM)
Top part oto Diode (Plel-DRAM)
(BI-CIS process
On chip coler filter-and micro lens technology)
Top part Si (CIS)
(BI-CIS process & sl i @ o fn Bl ciimimimic i m i m oo - -
technology) '8 0 0 0 00080993
Insulator (CIS) :
--------- Middle part [DRAM-Logic)
Bottom part (DRAM process Storage Node
(Logic process technology)
Technology)
Bottom part
(Logic process
technology)

Sukegawa, 2013

Haruta, 2017 Kagawa, 2019
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3D INTEGRATION: CMOS IMAGE SENSORS

Flagship Smartphone, Primary Cameras

@ iPhone XS 2 nuawer P30 & Galaxy S10

5.79 mm x 7.01 mm

5.88 mm x 7.68 mm

6.23 mm x 8.47 mm

(40.6 mm?) (52.3 mm2) CIS
Hybrid Bonding TSV
Interconnect Interconnect
(6.0 pm pitch) (5.0 pm pitch)
40 nm gen. -r 28 nm gen. | ISP
 Flip-chip + TSV Interconnect
317 mmx5.33 mm-
= Hybrid bonding array = TSV array replacement (300 FaimiS) i DRAM
' 20 nm gen.
= e TeCh
Insights
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ScreenQOx

P++ Si

1 IE

E
v,

- | CNFET 2
: CNFET 1

Si diode

P++ Si substrate

Si photodiode fabrication (MOa) with
additional signal routing (MOb)

ILD (oxide deposition), ILV etch (using
DRIE)

Load CNFET fabrication (M1a) along with
signal routing (M1b)

ILD2 (oxide deposition) and ILV etch
(using DRIE)

Fabricate CMOS CNFET logic ( M2a for
PMOS contacts, M2b for signal routing and
pads and M2c for NMOS contacts with
selective SiO, passivation over PMOS)

Deposit blanket doping oxide [10] for NMOS
with selective DRIE of doping oxide from
PMOS and pads
= \0a
= |10b
w1

s Srimani, 2019
= M2a
— M2b

M2c

3D INTEGRATION: CMOS IMAGE SENSORS — MONOLITHIC INTEGRATION
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Multi-color detection
Geum, 2019
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3D INTEGRATION: X-RAY DETECTORS

System Components of

3D Hybrid Pixel Detactor Three-Phase Assambly Fully Assembled Module

{A) Sensor ] ] 5 Middle S Vhias =
-5, 2 (SOI12) -
- ump Bondin = g E S
i e £55 | S
"E‘g -§ w2 | Silicon Sensor
g E Ep |
L3 £5 [ ! Back plane (p+)
] &2
Hviallzion T st Ed | ; Charged particle
Saider Balls 2 % E ‘g seed metal
SEo | £
z45 g oxide 4
] E -3 o
S0 2 . p” implant . u Ti
E E E. g SBHSOrVE L pper Tier Bond Pad Passivation Back gate adjust electrode
MUk Pin = I passive ':E E ] E
Comnectar Components | o SENSOR
Zoschke, 2017 Deptuch, 2016
High R-Si High R-Si
Lower Tier

Yamada, 2019
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TAKEAWAYS

Several technologies are now available
for achieving reliable and robust 3D
Integration

° One can almost stack anything on anything

* Next phase of Moore’s law

Main technology drivers for 3D
Integration:

* Cost, performance, power consumption
However 3D integration exhibits some
ISSues:

°* Thermal, stresses (TSV), electro-migration
* Cost

“Image” sensors were the 15t 3D-
integrated devices and will continue to
pull the 3D integration technologies

Performance, Number of Transistors

A 1% Wave 2" Wave 3 Wave 4™ wave \
Geometric BEOL Scaling 3D Devices Heterogeneous Integration
Scaling « Low-x/Cu interconnects | + FinFETs * Alternative mf,a.(e;;’a/s : L
. it « Bus width scaling * High-x diefectric * Domain-specific functions.
Qo oy, « Strain engineering « 3D architectures - - e
« Multi-core architectures -

.| |
L FIIII

elem:%e(;qzcgism?els)
(a) . .
Retinal Prothesis

Koyanagi, 2013

Degenerated

PFIOtOdEtECtO" photoreceptor cells

Extraocular unit Intraocular unit
Primary coil ~ Secondary coil

Flexible cable with ;' Processing
stimulus electrode array % circuits

(b)

Ganglion cells
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Thank for your attention
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