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Dream Chip Project
Panel Discussion

Domestic OSAT
TSV main stream
TSV 3D Device

Dr. S. Denda

Nagano Prefectural Institute of Technology
Nagano Jisso Forum

June 6.26, 2012 E



3D Semiconductor Supply Chain

1990s IDM

R&D Design | FEOL | BEOL Packaging
2010s

R&D Design FEOL MEOL BEOL

Wafer process TSV Stack

Supply Chain

R&D Design Foundry OSAT

R&D |Design Foundry Japan—OSAT




Can Domestic OSAT Grow up?

Powerful supports for 3D

Vacuum Equipment
Cu via Plating
Wafer Dicing

Wafer Thining . |
CMP . lon etcher
Wafer Handling
Polymer Materials
Die Bonding
Organic Substrate

Via filling




Typical via structure

Barrier,

seed ;= wiring

Via Middle
(Cu filling via)
Suitable for foundry

Temperature:400°C

HiE

" Resin
Via last-back
(Cu conformal)

Sensor,
MEMS

Barrier,

seed \ (A wiring

Si

=]

Via last-back
(Cu filling via)

Suitable for packaging

firm (OSAT)

Temperature:200°C

Si02

DEND



Problems in via middle process

center

Crystal size
change

perifery

300mm

Wafer ,

TSV dia
5um




C to W hybrid bonding, with ICF and WLP

Mainstream for TSV-3D devices
Thin wafer, fine pitch, multi bump, low cost

TSV(via-last) thin wafer

WLP mold

2

G
"%
ol --

QQ Chips Separation
150°Cadhere, 250°Csimultaneous

DEND &

Requirement: new materials, support system, handling, dicer, bonder -




Comment on TSV Products—W.ide I/O DRAM

Big demand for smartphone DRAM

512 bus width (1,200bumps)” in 2013

4K bus width (~8,500bumps)?

For more than 4K, larger chip size and
excessive connections

JEDEC JESD229

(DIEDEC (QASET E



Comment on TSV products—2.5D device

Homogeneous and heterogeneous
Thin Si interposer
Warpage takes place

Thick interposer
Higher performance, higher cost

Xilinx FPGA

D DEND?




Design and Test Issues
In Heterogeneous 3D-L Sl

Mitsu Koyanagi

New Industry Creation Hatchery Center
Tohoku University

Sendai, Japan
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Global Roadmap for 3D Integration with TSV

;\ (Iieﬂtwero-SD?.

LD ¢
1:; YOLE DEVELOFPEMENT ;

erfaces” Baseband / APE

First product on

l sl.- Chigital & Analog

partitioned

~ 1
—Tr (Hetero-3D)
HE-LED

Stacked Memories

Power, RF, Analog & Mixed
signals components

(Hetero-3D)

Gualification the market! (Hetero-3D) / %W:%g«ww
3DICs

(Hetero-3D)

-

2006 ' 2007 | 2008 ' 2009 ' 2010 ' 2011 ' 2012 !
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Ms.g’.‘ June, 2012 ASET (Association of Super-Advanced Electronics Technologies)



Heterogeneous 3D System Integration Projects in
Tohoku University

MhEMS / sensor ~— Photonic chip
N MMIC chip
ngg\i/\C/eLrSIC Analog LSI
Flash memo gcl\)/lrggoll?lliclc
DRAM _
SRAM——

TSV (Through-Si via Microprocessor

1999(IEDM) 3D | S e

: mage Sensor SlZes
2000(IEDM): 3D Shared Memory 3D .SU,OEI' v
2001(ISSCC): 3D Artificial Retina  [KOL/% DifferentigDirTerent
2002(Cool chips): 3D Microprocessor A

2005(IEDM): Super Chip Integration, Self-Assembly, 10-Layers Memory

2007 (IEDM): Reconfigured Wafer-on-Wafer 3D Integration, Self-Assembly
2008(IEDM): Heterogeneous Multi-Chip Module (LSI-MEMS)

2009(IEDM): Wafer-thinning and back-metal contamination in 3D-LSI
2010(IEDM): Interconnects induced thermo-mechanical stress

2011 (IEDM): W/Cu hybrid TSVs and 3D-LSI



Super-Chip Fabrication by
Multichip-to-Wafer Bonding

Multichip-to-wafer

Wafer testing Sorting of KGDs 3-D integration

— L by self-assembl
=) ™ T
LSI chipC EF T F
LSI waferC ETJ LY &0
a7 PR T=p =y
L= L L
A T e a—
d LSI chip B
LS wafer B ? o =7
= g ST
£ e T J
s s
L I T

LST chip A
LSTwater A 3D LSlIs



“#=~  Example of Heterogeneous 3D-LSI

Digital-Analog Mixed Signal 3D-LSI

3D-Stacked Image Sensor Chip
(NEDO/ASET Dream Chip Project)

Image sensor pixel array

Imaﬁe sensor layer
Analog circuit layer
ADC array layer

Interface chip layer

NRCA-X-Y

IAID/-fr8- - Y800 00 M)

-
Color filter + Microlens
Ima%e sensor
Wafer level lens éﬁ%%%%%ﬁ;{fﬁyer
| — s Interface chip layer
| s Si interposer

FEEEREREEEEE
Futput circuitI

EXfFFPGATHILG 20mm Decap

ASET (Association of Super-Advanced Electronics Technologies)

Ms.g'l‘ June , 2012
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Configuration of 3D stacked LSI

| " 1st layer : CIS chip
CMOS Image Sensor . 180nm 1-Poly 6-Metal CMOS

___(CIS]—— L Image sensor technology

Correlated Double = 2nd Iayer . CDS Chip
5 - 180nm 1-Poly 6-Metal CMQOS

Mixed signal technology

3rd layer : ADC chip
90nm 1-Poly 9-Metal CMQOS

Mixed signal technology

4th layer : I/F chip
130nm 1-Poly 8-Metal CMOS
Logic technology

Ms.g’.‘ June, 2012 ASET (Association of Super-Advanced Electronics Technologies)
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900
The verification of signal 800 "\

and power integrity
particularly with TSVs

- 100 |
Y 0

Emerging challenges for simulations

Scan timing of the place of TSV

\

1000

700
600 |

500 ¢
400
300 |
200

Output voltage [mV]

One pixel
.4—’.

)

—} [C1S:180nm, 3.3V/1.8V]

[CDS: 180nm, 3.3V/1.8V]

[ADC 90nm, 1.0vV] ——

i B L ¥ o—= O—”%—I ——
5 o N N HE
S — : 37 SAR riC o
< | B 4 TSV [ PGA TSV [
AL S| < st TSV
B M '
S | PR :
> s i i Enanaanannanssansssaanes D Anamaannanannnsssssnnnss

Horizontal selector Control logic Control logic

VSET une.2012

ASET (Association of Super-Advanced Electronics Technologies)
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techniques are needed
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-
AVD33:3.3V
/
DVD33:3.3V ﬂ >/ / Sensor (TSV/IBUMP)
DVD18:1.8V AVS33 | CLK etc. /
DVS33 :> Output Signal=76800
DVS18 (analog)
AVD33:3.3V
DVD18:1.8V AVS33 /
Veoyi1.2V e | _ﬂ_> /¥ /[ CDS
| : . / Input Signal=768
(analog)
Output Signal=768
(analog)
AVD33:3.3V |
AVD10:1.0V AVS ADC
—> / £ |+
Vier 0.8V DVS > —ﬂ / /
Vg 0.0V Input Signal=768
DVD10:1.0V (analog)
Output Signal=768
| (digital)
VDD”::]..ZV DVSS I/F
Y
Power Supply Control Signal Signal
2

Ms.g’.‘ June, 2012 ASET (Association of Super-Advanced Electronics Technologies)
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[Sensor] ~fcpsy [ADC]
. AVD33DVD33  DVDI18: AVD33 DVD18 . 1 AVD10 DVD10 §
| AVS33DVS33  DVS18! AVS33 DVS18 ' | AVD33 DVS10 i
| ! Veom ' 1 AVS E
AVD3 * ' VREF+ (0.8V)
ORT EVREF—(O-ZV)
i 1L s || ¥ / |
0T i B |
E ‘{ OVS 4 i CDS . EVADC ADC H Logic ﬁLr’;
| Vexel§ B |
. PD i B 5
. AVS3 I ¥ |
Logic Logic |B'AS'P :
! (DVD18,DVS18) || (DVDI18,DVS18) BIAS-CDS ] i

DVD33  AVD33 AVD33 - AVD33
vop 33V 33V 33V pypig | 33V

18y VP DVD10
DVDI8 Sig“a'Lo\é\\\/\j*\ v v
1.8V OOV ppy e e 3 0.8V,
L Toav™ T Vaoc
GND
2

MSBT June, 2012 : ASET (Associaﬁion of Super-Advanced Electronics Technologies)
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[AaDC]

NO=EESAQ

AE'E=EEANA

NO0=0TSAQ

Troe

AT=0TdAd

|

—o— 00—

NS'0=CNYA
NO=0TSAY B———

| -0 ADOUT(Digital-OUT)
AD-EOC(Digital-OUT)

0

!

TE

I

SAR (Logic)

VRM2

DVD10 —
DVS10 —

AT=0TAAY B————1

AS'0=TWIN B——

AT 0=T4A
A8'0=H4A B—

DVD33/10
DVS33/10

|

(Analog)
(Analog)

Capacitor Array
(Analog)
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1V)

Capacitor Array

Ladder Resistor

—
o
o
Q
—

gy g S
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Block diagram and terminals

AD-CLK(Digital-IN
AD-STC(Digital-IN

!

PGA
(Analog)

i

I

Control Logic

!

1

.
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Compute / Network / Graphics
Codesign

Different companies
High Performance *Difterent fabs

Low Power/Accelerator *Sequential design
Specialized RAM *Plug and Play

General RAM Power Delivery
*Future proofing

Heterogeneous Digital

Thermal Control

Signalin
*Without parallel codesign 5 5

*Future proofing

After P. Franzon (NCSU) 3DIC 2011, Osaka

Ms.g’.‘ June, 2012 ASET (Association of Super-Advanced Electronics Technologies)



ASETRR#ES
INRIVTALRBYLIY

The “issues” to be resolved

* Signhaling

* Timing

* Power Delivery — DC

* Power Delivery — AC (i.e. Noise)
* Thermal control

* Physical integration technology
* Redundancy management

* Test and Validation support

* Integration with CAD

* CAD interchange

After P. Franzon (NCSU) 3DIC 2011, Osaka

13

MSBT June , 2012 ASET (Association of Super-Advanced Electronics Technologies)
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3D Design Flow in NC State University
(True 3D Flow)

14

/SET

GDSII / Verilog ! Sp-ﬂrﬂmn Test Benches
synopsys .lib Files - . .
. 2 2 5ymhesis 1 Windchill
- i W BT :
2y Iﬁ'ﬂ?ﬂ —- é] E g | »HDL Coding e | Powver Estimation PTC / InterComm
= o + netlist generation (Common view)
o [ )
l 1 XTF
3D Flaoplanning 3
- partition b fiers Thermal Macromeodel Extraction Tharmal u; E
—  , | *placement regions Analysis £5
@ | *powerclock plannin = )
E « place via cells 7| Backanngtation =
2
v
“ | 30 Chip Assembly split into 2D LEF/DEF files -
= | =20 P&R & Optirmization aor =
e 5 |+ Exract-Resvmih-F&R | LEF Export3D LEFIDEF [~ 7 Wor PSES
* Insert Clock Tree DEF PER TR
= Final FER Impqn — E =
=3
l i
Verify | Characterize Thermal Macromodel Extraction [™| Thermal | WE &
« DRCAVS . Analysis 2£ o0
s Parasiics / Timing AMLIGOSI g =
+ Clock Tree Backannetation [ =
June , 2012 ASET (Association of Super-Advanced Electronics Technologies)
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3D Technology & Design Kit

» Target technology

« Uses ST-Microelectronics high-speed CMOS library
« Uses TSV middle (@10pm) + Copper Pillar (&10pm)
» |5 a Flip-Chip packaging assembly

» Is a Face2Back, Die to Wafer 3D stacking assembly

» Back End kit
« \irtuoso tech file addon kit for 3D layers

« EDI Techno file & captable
» DRC & LVS « 3D » addon kit

AT Conferanca - 13th Dec 2011 ) » & s ST
A Thras-Layars 3D-IC Stack including WidalDand 20 No 25 (@@ MCE C=0 letl *8® ERICSSON

After P. Vevet , 3D-Architecture 2011, San Francisco

15

MSB'.‘ June, 2012 ASET (Association of Super-Advanced Electronics Technologies)
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EDI 3D-IC Stack Design Implementation & Analysis

Cadence Encounter 3D-IC design
implementation is developed in
collaboration with major foundries and
advanced system designers.

Supports a comprehensive 3D-1C modeling
for both implementation and analysis.
« Different types of 3D Interconnect: TSV, micro-

bump, cupper pillar or direct bonding and
backside metal layars.

« Multiple sat of manufacturing rules
Supports multiple types of 3D-1C stacking in
design implementation and analysis

= Silicon interposer

« Vortical stack.

» Mixed stack.

EDI Design methodology and design flow
are proven with several 3D-IC tape-out.

AT Conferance— 13th Dec 2011
& Thras—Layars 30-1C Stack including WidalD and 20 Mol

Placement & Routing

16

3D-IC Specification

Mutti-Chip Stacking Powear
netlist Configuration Spec.

3D-1C
Modeling

Floorplanning with
Auto TSV/ipbump

Sign-off
RC Extraction,
Timing/Sl and

Voliage Drop

DRC and V3

Manufacturing & Test -

cidence” o leti “% fficsson

After P. Vevet , 3D-Architecture 2011, San Francisco

/SET

June, 2012

ASET (Association of Super-Advanced Electronics Technologies)
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3D Test

17

Pre-bond

Pre-bond
die test 2

Pre-bond
die test 2

Post-stack test 2
(Mon production)

Post-stack test 3
(Non production)

Final Package

Tast

D
/SET

June, 2012

ASET (Association of Super-Advanced Electronics Technologies)
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3D Testing and DIfT

18

= ( N\
PESAY:-51 B RS EHRET e
d L CIS
CDS ADC
Y — B4 D CDSH{KIXEE /I\ mﬁﬁﬁ«rpa—fr\—ﬁ/l\ /I\ ﬁﬁﬁﬁ«r‘za—fk—*f/l\
BERERRGEICO TR ADC s
A@C ADC
{} IE
______ | ﬁﬁﬁﬁw’ﬂ R— *f/\ | ﬁﬁﬁi»ry’sl—ﬂ-f—*f/l\ /T BERL 57 | \
CIS #A5T \ \ J
CDS .
ADC BB REL
— RBE CiS | [CIS =
CDS | [ CDS HiEiR
Si-IP _ ADC | [ ADC AIN |
DeCap IF _ IF = m
Si-IP
DeCapBFREDH DeCan
A E AR | AR
AIN AIN
ICERE
HHAER (ASET TOT7FEREHWG)

June, 2012

/SET

ASET (Association of Super-Advanced Electronics Technologies)




3D DfT Architecture

Example Functional Design

= >2 stacked dies, possibly core-based
< Inter-connect: TSVs

= Extra-connect: pins

Example Existing Design-for-Test

= Core: internal scan, TDC, LBIST,
MBIST; IEEE 1500 wrappers, TAMs
= Stack product: IEEE Std 1149.1
3D-DfT Architecture

Test wrapper per die

« Based on IEEE 1149.1 or 1500

= Two entry/Zexit points per die:

1. Pre-bond : extra probe pads

2. Post-bond: extra TSVs



3R DFT 7—FTIF v DiRE

»__ Scanchain2 |
< Logic >

< Logic >

Wrapper cells

I >l > ESE——
Scan In ﬁ iy T Scan Out

Mg M S »He{-»f] |
< Logic >
™ Scanchain2  }]

Test Data In Data [n Data Out Test Data Out
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Millions of Dollars

90
80
70
60
50
40
30
20
10

250nm 180nm 130nm 90nm 65nm
Technology node

45nm

M Mask

Embedded
software

o Design, test,
verification

32nm

P. Garrou, “3D Drivers,” Tutorial at 3D System Integration Conference, p.12, Sept. 2009. T.Sakurai
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Inductive-coupling interfaces (TCI*)
Connecting multiple chips

g ) Metal Inductor

ti:hip#S(Memory)

Chip#1(Logic) TCI*: Thru-Chip Communication

D. Mizoguchi, Y. Yusof, N. Miura, T. Sakurai, T. Kuroda, "A 1.2Gb/s/pin Wireless Superconnectbased on Inductive Inter-
chip Signaling (IIS) ,”ISSCC’04, pp. 142-143, Feb. 2004. N. Miura, D. Mizoguchi, Y. B. Yusof, T. Sakurai, and T. Kuroda,

I “Analysis and Design of Transceiver Circuit and Inductor Layout for Inductive Inter-chip Wireless Superconnect,” Symp.
on VLSI Circuits, pp. 246-249 June 2004. T.Sakurai




10000

1000

100

Delay [ps]

10

Delay is equivalent to 7 stages

Performance scales

Delay

Constant Chip Thickness

2NAND FO4

180 90 65 45 32
Process [nm CMOS]

of 2ZNAND FO4, or
0.5mm wire in 65nm.

Energy Dissipation [fJ/b]

10000

=
o
o
o

100

10

Energy

synchronous
L

"* Measured
Synchronous

. . 2NAND FO4

180 90 65 45 32
Process [nm CMOS]

Energy is equivalent to 4x
of 2NAND FO4.

“N.Mitra, H.Ishikuro, T.Sakurai, T.Kuroda, "A 0.14pJ/b Inductive-Coupling Inter-Chip Data Transceiver

with Digitally-Controlled Precise Pulse Shaping," Paper#20.2, ISSCC, Feb.2007.

T.Sakurali



30Gb/s/ch Clock and Data Transmission

1.875Gb/s 16| 16:1 [ 30Gbis > P
Txclk el
R

= o 30Gb/s | 1:16 |16 1.875Gbi/s
A 5K Rxdata | \ADEMUX [ 7 Mrxdata
ey | 7.5Mb/s
a Ré:clg\(/:gry 1/16 :93Mr&>3<cli
TX 15GHz Rxclk

65nm CMOS I —
“Y.Take, N.:Miura, T.Kuroda, “A30Gb/s/link 2.2Tb/s/imm?2 Inductively-Coupled _
Injection-Locking CDR,” A’SSCC’10, Nov. 2010. T.Sakurai
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Challenges of Supply-Chain for

3D Stacking Systems

June, 2012

Hiroaki lkeda

3D-Integration Technology Research Department,
ASET (Association of Super-Advanced Electronics Technologies)
[http:/lwww.aset.or.jp/]

Ms.g’.‘ June, 2012 ASET (Association of Super-Advanced Electronics Technologies)
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Predictable Application for 3D Stacked System

4-High Stack
x32 DDR3 DRAM

1-4 High Stack
Wide-10(x512) DRAM

4-8 High Stack
Hybrid Memory Cube

Small Footprint
Low Power

Low Power
High Bandwidth

High Bandwidth

2-gi
Two bit DDR3 (x32)
(4 stacked 2-gigabit dice)

Logic
wl TSV :

Wide IO DRAM Wide 10 DRAM
wi TSV wio TSV

Type 1

Wdedod |
SN 1110 1111

------- TOOw b S A A A & & & 4 & 4 &

HMC Near Memory — MCM Configuration

HMC Gen 1 DRAM

Motherboard of Ultrabook

Mobile Terminal

Motherboard of Smart Phone

Network Infra.

Blade Server Unit

MSBT June , 2012

ASET (Association of Super-Advanced Electronics Technologies)



ASETRRE#HES
ISRIVTALRBYLIY 3

Infrastructure for the next

Almost Done Coming The NEXT

Memory Memory Heterogeneous
Cube Cube 3D Stacking

+ + .
: : RF+Logic
Logic - LOEIC ) Sensor+Logic
Analog-Digital

MCM Ultra-wide 10

YVlde—IO DRAI\/I/ MG o

i ] 5 Bf - L L

T 1/ 1 bk A R R e T R R e b s s S e
{ Design & Production |7 E— e b e Sl R
System Companies
e T e T % S i i T S R
SR T A P e ST e

Foundries, Memory Suppliers
OSATs

Middle/Via-Last) -1 Codesign (Device~Substrate)
Wafer Thinning (wss attach/detach) [ | DfT (IEEE Standard) . DfM
| Dicing, DPU %] Low Cost (Redundancy. e-fuse)
Stacking (D2D, D2w, w2w) "] Metrology (Non-destructive) |
Underfill, Overmold 2 Standardization (JEDEC,. SEMI, etc,.) ﬁ

RO g iy Ty TG g AU g by Ty TGS g € g s Ty ) TGS e € gy AT s a7 g b ) GRS

N p M T S T S e T

Ms.g’.‘ June, 2012 ASET (Association of Super-Advanced Electronics Technologies)
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Supply Chain Example for Memory + Logic

BEOL

FEOL MEOL
] Vendor A — OSATB
DRAM ‘ ’ y
_ —— 4
Device F-Bump |$ Detach WSS
Surface- Attach WSS Dicing
Interconnect Thinning D2D Stack
Via-Last Underfill
B-Bump
g J \_
Foundry C — OSATD
Logic ' '
— J
Device If‘> F-Bump Detach WSS
Via-Middle Attach WSS Dicing
Surface- Thinning D2D Stack
Interconnect B-Bump Underfill
\_ J

OSATE

Y=

Memory Cube on Logic

Over-mold
Test

Logic on Substrate

Test
\_ J

/ Organic Substrate

Memory Cubes will serve Supply Chains for Memory and Logic.
They are “Pipe-Cleaner” for volume production and more sophisticated devices.

June, 2012

/SET

ASET (Association of Super-Advanced Electronics Technologies)
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Supply Chain Example for Memory + Logic

¢ SE E EEFEEFEEFEE S E S E S EE NSNS E NN NN NN ENEEEEEEEENDN,

..IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘

'S
. .
FEOL MEOL | = BEOL
3
| |
— Vendor A . OSATB — OSAT E
—— e . ] )
o225 n
Sz
: =
Device F-Bump Detach WSS
I Surface- Attach WSS Dicing
nterconnect Thinning . D2D Stack —
Via-Last 3 Underfill J—’ g
B-Bump 1 Memory Cube on Logic
| |
~ - : \ - Over-mold
] Test
Foundry C —— OSATD
Y C O J/
Logic 3 :
— / Logic on Substrate
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Homogeneous Stacking Yield (W2W)

Random Failures Fixed Location Failures

Requires

better redundancy design
for random failures Underfill Solution?
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SRRILTFARBY Ay Remaining ISSUeS from NOW

Lowering Cost:
Lower TSV Forming Cost (Deep-Si Etch, Plating, etc)
Thinning without WSS
Faster Throughput of MEOL/BEOL
Dicing/DPU Yield Improvement
Stacking Yield Improvement

Reliability:
DIT —BIST, SCAN, JTAG
In-Situ Testing —Direct probing to Micro-bumps
Lowering Stress —Countermeasure for Warpage

Thermal Managements —Cooling System Design

Advanced Failure Analysis:
Non-destructive Metrologies (Physical/Electrical)
Co-design for DfT/DfM
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