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FRONTSIDALLUMINATED
IMAGERS (FSI)
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MONOLITHIC FRONT SIDE ILLUI\/IINATED
IMAGERS + EXTRA MODULES @
Almec solution : CMOS
based imager technology:
- 0.13 um CMOS platform
- + CIS (CMOS imager Sensor) | pnotosiode
module: 4T pixel . !

-+highendadd n s and ¥ ™ -
process development:

A Backside illumination CCDin CMOS| ™ E:l

AEmbedded CCD e T
A Hyperspectrafilters
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PIXEL DESIGN

4 Transistor pixel with pinned photodiode:
V low noise
V low dark current '
V correlated double sampling compatible

V shared floating diffusion node o
Key technology:
V custom design and process for: 2

Aphotodiode
Atransfer gate
Areset and source follower transistors i K

VDD
Row select
I | O/P

VbiassIbias
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Vreset Resetpulse
oy — b— —|

N Y
‘vau'.&.m:4

= e LN
B o N
(W25 20 S A

GND

] \ — 8 £
g e $ .
g0 888 RE < £ y i7

31
M -
o
223

imec © IMEC2014 6



SPECIAL SUBSTRATES  uer doning

AEpitaxial layers: VN Bx104oms
A Thick: 1x10%5/cm3

- Up to 50 um demonstrated 3x10%/cm?

- For enhanced red response higher doping 1x10%/cm?
A Gradeddopantconcentration  start wafer

. . . (highly doped)

- For directional carrier transport

= lower crosstalk 1E+19 F , _ , |
AHigh resistivity substrates ST 1evs | Thlckness after thlnnmg ;
A Both n. end ptype E‘ TV B Interqal fleld
A Resistivity > 1kOhm.cm G J:IEIGI via SCR
A Solution for chucking imec 3

fab £ 1E+15 EFlat 15’E part ’b | :
< L a G  — Requested
A Application: fully depleted 3 1E+14_ ___‘ B G,—own :
iImagers fomparticles and Xray 1E+13 J |

(direct detection) by? * BDepF'ih(pm) 14 16

imec © IMEC2014 ;



IMAGER SOC CIRCUIT DESIGN

ENEEEN 7

8-12b
4-250MS/
ADCs

] 1 B R

1.E+07

[@)
imec is aworld leader X
NSNRE in efficient ADC design o o 0°

1.E+05 0 g0 & _ ’ AADC typ|CaI

1 E+04 specifications:
1E+03 ’ A Low power
PRI g0t g, TRgon oo consumption

1.E+01 - 0 ISSCC 1997-2011

. s X VLS| 1997-2010 A H|gh SpGEd

Power efficiency P/freq [pJ

1.E+00 ——FOM=100fJ/conv-step ||
P ----FOM=10fJ/conv- 1 1
o S b A Low noise/high
10 20 30 40 50 60 70 80 90 100 110 120 .
resolution
SNDR [dB]
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PROTOTYPE OF 4K X 2K CIS

Olmec 130nm

, — CMOS
A — R TP A 17 P

r 3 O4kx2k pixels

= 2.5 m pitch

O60fps

O12bitn ycolumn
ADCs

O<1.5W

OLVDS digital
Interface

Designed & manufactured by imec Ranasonic

imec © IMEC2014



RADIATION HARD DESIGN @ IMEC

ADARE: Radiatioardenedby-
design libraries in standard
commercial CMOS technology: .
ADeveloped & enhanced in ESA projects DeS_Ign
ALibrary of mixed signal & digital design ~galnst

blocks: Radiation
- DARE180 well supported (UMC 0.18 um
CMOS) Hfects
- XFAB .18 XH started
- Planned creation of aTSMC 65nm .

L 4

DARElibrary EUROPRACTICE

CCCCCCCCC

imec



IMEC ICLINK OFFERING

UIVIC
\
“'-%',, TSMC
EUROPRACTICE  VCA Partner Aerospace services
A ckend | | tmecDARE
Design imec ICLIink
Services
ASIC dog PCB/PBA Services
esign Technolo °
with eco system T argetinggy EDM
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EMBEDDE

D CCD IN CMOS TECHNOLOGY

AExtra moc

CMOS/CIS technology
ANarrow gap, single poly electrodes
ACustomizableBSI compatible CCD

device

AFullyCMOSCIS compatible

PPDI/CIS

ule added inttmec130nm

130nm 130nm
NMOS PMOS CCD Electrodes

' “‘ h' Buried Channel CCD

imec © IMEC2014



EMBBEDDED CCDTDITEST IMAGER

AeCCD technology validated, devicpscessed
Aexcellent charge transfer efficiency (CTE) measured: > 99.9987

CMOS readout
CCD pixels VDD CCD clocks and ———> TDI CCD
,l‘ RST VDD Stage Selection
\ SF J_
! | RS
PG2 PG3 out CMOS clocks __)l mmmmmmm tage converters ]
| Pipelined S/H ]
I Column Buffers I
Column Sele __J'I T I Output Buffer]

imec © IMEC2014



ULTRA FAST IMAGING
USING ECCD

Adesign solution:

A in pixel memories

A = store a (limited) number of
frames inside pixel

A readout at lower speed
A dlows burst mode of imaging

AembeddedcCD:

A noiseless storage and transfer

ACMOS:
A fast & low power data transfeM

Soure: G

Image &
store

readout

. Etoh

\\\H

offc hi p, ADCOS;

imec © IMEC2014
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HYPERSPECTRAL IMAGING PRINCIPLE

Hyperspectral
camera

Spectrometer Color camera

t \/ /

Wavelength (nm)

A Spectral information A RGB colors of one

. : . . A Image-cube: both spectral
in one spatial pixel only image only

and 2D information

imec © IMEC2014



HYPERSPECTRAL IMAGERS: PRINCIPLE
A Stateof-the-art: Almec solution:

A Imager + grating/prism A Wafer level filter integration

Focussing — Collimator Dispersive Element:
. Objective ? Prism-Grating-Prism
Slit |

— Focussing Lens
— Detector

Advantage
O Extreme miniaturization

imec © IMEC2014



HYPERSPECTRAL
IMAGERS: STATUS

Atechnology establishedr
600-900 nm

Atechnology development
ongoing:

A 4708 900nm
A combinationwith panchromatic

Apost-processed ortop of
C MO S ICBI32000 &
CMV4000sensors

A6 different camera
Implementations

Aevaluation kits availab

imecC ©IMEC2014 PIET DE MOOR 17



BACKSIDE ILLUMINATED
IMAGERS (BSI)

grﬁnec



ADVANCED IMAGER INTEGRATION

---------- I

front side iIIumir_lated

Imager system performance

Integration complexity

imec




BACKSIDEVS. FRONTSIDE ILLUMINATION

AFront side illumination : ABackside illumination
A Absorption in BEOL dielectrics A Direct absorption in Si

ep|S|

%%%%%%%%

Front side illuminated Backside illuminated

Aimecprovides backsid@luminated imageplatform
Includingvery shallow surface passivation

imec © IMEC2014



TECHNOLOGY ENABLER:
THINNING

ATechnology:
A Course + fine grinding

A Critical: thinning damage, impac
on devices

AWafer handling:

A Very thin wafers (< 100 um): use
of carrier wafers wafer bonding
technology

AIMEC results:

A Thinning down to a few um

A Total thickness variation < 1 um
on 200 mm wafer

imec © IMEC2014



THINNING PROCESS

AProgressivéulk thinningapproach:

A Grinding+ Selective and Noselectivewet etchfinal thickness
with < 2lumTTV (on 200 mm wafer)

Aimportant parameters:
A Final thickness: determines the QE in the (infra)red
A Thickness uniformity: total thickness variation (TTV)

- After grinding
-= After wet etch

ss (um)

r T 15 T T
60 El

Wafer coordinate (mm)

imecC ©IMEC2014 PIET DE MOOR 25



IMEC BACKSIDE ILLUMINATION
MODULE

A Extension of 0.13nicron
CMOS/CIS process
A Process module including:

- Waferto-wafer bonding
¥ - (bulk) Wafer thinning

CIS CMOS

W2Ww - Backside passivation
Bonding —————a————- - Anti-reflection coating
- Bondpadopening
Thinning _____‘______
3 ion T
Passivation

oI -

Bondpad
opening

Imaging area

imec © IMEC2014



DIRECT LOW TEMPERATURE OXIDE -
OXIDE BONDING

Asuccessful optimization of process

Aimportant parameters:

A topology

A flatness

A micro-roughness

A surface particles

A controlled surface chemistry

b
rd

imec © IMEC2014




BACKSIDE SURFACE PASSIVATION
PROBLEM AND SOLUTION

AProblem:

A Backside interface is low quality: high trap density, potential
pockets

A Impact on imager performance:
- Reduced guantum efficiency (esp. blue/green)
- Increased dark current

ASolution: backside surface field:

A Backside ioimplant and laser annealing




BACKSIDE ILLUMINATION RESULTS:

VISIBLE

Aincluding ARC
AQE. ..~ 90 %, QE > 70% in visible

imec
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BACKSIDE ILLUMINATED IMAGERS:
WAVELENGTH EXTENSION

s // T

¢ o
3

o o
)] ()]

Quantum Efficiency

o o
w B

visible

o ¢ ¢
[N

o
i

o T T T T
600 700 800 900
Wavelength (nm)

300 400 500

1000

Aultraviolet:

A very shallow absorption of
photonsA very thin
backside passivation

tmecC © IMEC2014 PIET DE MOOR

Absorption Length (pm)

Anear infrared
(and soft Xray):

A deep absorption of photons
A thickerepimaterial

1UUD§
100\ ZZ/)
10 &
-\ N
108 \\ /
0.1k </
0.01)
B Soft X-ray Ex 1: ]‘HE Far Near UV,
B Ultra | t Ult ole t \f' ble N riR
0.001 1 [ N Liall
0.1 1 U 1 1000
Wavelength (nm)
L 1 |
10,000 1000 100 10 1.0

Photon Energy (eV)



BACKSIDE ILLUMINATION RESULTS
NEAR ULTRAVIOLET

Aoptimized backside passivation and ARC
AQE > 60% from 270 nma 700 nm

0.9
0.8
- ARC
0.6
&0 (Vio ARC
0.4
0.3
0.2
0.1

0
250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

. Wavelength (nm)
\mecC



EUROCIS : large area imager for space

CXCICo
TNO

N,
—
7/ SELEX GALILEDO

A2k x 2k, 14 um pixels stitched imager
A8 different flavors of rad hard pixels
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HYBRID (BACKSIDE ILLUMINATED)
IMAGERS (HBI)

SEETETTITE L\

S imec



ADVANCED IMAGER INTEGRATION

---------- 1\

front side iIIumir_lated

Imager system performance

Integration complexity
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HYBRID IMAGERS:

APPROACH
A2 layers: <<<<<<<<<<
A Detection layer + optiona——> [

(analog) reaaut N —
A 2nd readout layer—

%
Aintegration options: <<<<<<<<<<
A Front side illuminated::
- through Swias(TSVs) m
+ microbumpsrequired =— 'L\
A Backside illuminated: <<<<<<<<<<
- Backside thinning-
+ microbumpsrequired m t \

tmecC © IMEC2014 PIET DE MOOR




DRIVERS (I): mmA

NON -S| IMAGERS

Aextension of wavelength range (towards IR) requires
non-Si detection layer

A1D imagers can be wire bonded

A2D imagers require pixel wise interconnect to Si
ROIC = hybrid imager

Astandard technology for (nedIR imagers:

A InGaAsHgCdTe ...

Adisadvantages: bump process anddtijp integration:
A Cost
A Scaling to small pixel size (< 10 um) difficult

tmecC © IMEC2014 PIET DE MOOR



TECHNOLOGY ENABLER:
HIGH DENSITY BUMPING

Aln A CuSnmicrobumps

A Postprocess at wafer level for both sides:

- Underbump metallization (UBM) &
patterning

- Solder deposition & patterning
A Smallest pitch:
- 20 um, 10 um under development

AFlipchipD2D or wafer bonding
A (optional)underfil

imecC © IMEC2014  PIET DE MOOR 37



DRIVERS (lI):
LARGE AREA/SMALL FOOTPRINT
Aapplications:
A consumer imager packaging
A large area Xray

________ s

mE" ar
IIE' R

" Sk
A

imecC © IMEC2014  PIET DE MOOR 38



PACKAGING OF IMAGERS

AAdvanced packaging technology at bond pad level:

A Traditional lateral wire bonding, TSV(Through SVias) per bond pad +
redistribution layer + bump ball bonding

‘ ) { ) ¢ )

PCB board

PCB board

AAdvantages:

A Smaller footprint
A Reduced capacitanoes==p»  faster/low power interconnect
AApplications:

A Consumer imager packaging
A Endoscopes

imecC © IMEC2014  PIET DE MOOR 39



SOLUTIONS FOR LARGE AREA

IMAGERS
Astitching: yield problem, area limit
A2-side/3sidebuttablétiling: area limit .

Asolution = 4sidebuttable

using 3D integration ---
A minimal norsensitive area thanks to vertical
Interconnection

imager

e —

e

imecC © IMEC2014  PIET DE MOOR 40




TECHNOLOGY ENABLER:
STITCHING

AStitching allows large area imagers:
A Up to 1 imager per wafer

ADifferent imager sizes on one wafer demonstrated:
A 12x12 mn&, 25x25 mm and 50x50 mrh

AApplication: e.g. Xay

3 on wafer on reticle
®



TECHNOLOGY ENABLER:

EDGELESS DETECTORS RN
AProblem of 4side butting/tiling: dead || N I
area between modules: ....

A Spacing

A Bad pixels at edge
ASolution: edgeless imagersievanced
| |

singulatiorclose to active pixels
A Dicing by grinding, stealth dicing
A Side wall passivation

imec © IMEC2014 42



TSV AT BONDPAD LEVEL

Avialast approach:

A 1) process CMOS device
A 2) thin wafer

A 3) through Si via process
Adisadvantage:

A handling of thin wafer using
temporary wafer bonding

PCB board

Cu TSV fill

43



BACKSIDE REDISTRIBUTION AND BUMPING

Awaferlevelpackaging
technology:

A Cu electroplating and dielectrics
(BCB,...)

A linewidtht > 5 um lines/space
A Solder balls

Mgl By el I

/m @\K

imecC ©IMEC2014 PIET DE MOOR 44



DRIVERS (lll) : FAST/SMART SILICON BASED
IMAGERS

g ——

A2 activeCMOS layers verticallinterconnected:

A Top layerbackside illuminated imager + part of imager
readout

A Bottom layeradditional readout electronics
ADifferent architectures:

A Peripheral vertical interconnects

A Area distributed vertical interconnects

imec © IMEC2014



HYBRID IMAGERS IMPLEMENTED BY
SONY

A2-layer imager:

A top layer: BSI sense layer top

A bottom layer: readout/image layer
processing bottom

, : . _ layer

Avertical interconnect:

A only in peripheral electronics

A using (large) Through 8ias o

Aadvantages (according 1 CMOS image sensor CMOS image sensor

Sony): ) | Pixel secti

A Separate technology use 1 E %
A Area redUCtion Supporting substrate /1 Circuit section /

imecC © IMEC2014  PIET DE MOOR 46



AREA INTERCONNECTED 3D STACKED
IMAGERS
A3D integration using high density vertical interconnect
enables:
A massive parallel vertical readout of pixel arraljigh speed
A integration of electronics & memory per pixelsmart imagers

tmecC © IMEC2014 PIET DE MOOR



BENCHMARKING HYBRIDVS. MONOLITHIC

120

100 F

P

2

=

2

T &0

U

;

o= 40
20

]
]
I

Frame rate vs pixel pitch at 4000pixels reso

lution

area

\ limitation

L ........ ....... ADC ..... .........

_

= hyhrid
manalithic

......... |ImltatIOn

N

_______ S TIOISE e
limitation:
o1 ¢ s 4 5 & 7 s 5

pixel pitch (um)

PIIIIIIIIFY

&=

Sub-column addressing
+ ADC per sub -column

Standard monolithic

: Conclusions: enables high speed imaginazc v
FAIGES ah s .

LEUVEN

imec

© IMEC2014

KU Leuven Confidential
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HYBRID BSITECHNOLOGY APPROACH

ATop and bottom die made in (e.g.imec 0.13 um) CMO.
AWafer to wafer bonding:
A Mechanical + electrical connection

ABackside illumination module:
A Backside thinning passivation
A Bondpadopening

AWirebond connection of bottom die using W2W
electrical interconnect to top die

imec © IMEC2014



HYBRID BSI FLOW

CIS CMOS

W2W bonding
incl. vertical
interconnect

Thinning
&
Passivation

Bondpad
opening

tmecC © IMEC2014 PIET DE MOOR

ROIC CMOS
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ECHNOLGY ENABLER:
HYBRID W2W BONDING

Awaferto wafer oxideoxide + Cu/Cu permanent
bonding: critical process

Ain-situ alignment with few micron accuracy
Aallows high density interconnects: < 10 um pitch
Adevelopment ongoing

_
_ S
B

imec © IMEC2014



3D STACKED IMAGERS

Y
@ec



ADVANCED IMAGER INTEGRATION

m
area 3D inteW
37 xxrrx s SN

hybrid backside illuminated

---------- 1\

front side iIIumir_lated

Imager system performance

Integration complexity

imec © IMEC2014



3D STACKED IMAGERS

AConcept:
A Stacking of multiple (>2) layers: detection layer + ROIC layers
- Examplephotodetectorlayer + analog ROIC + digital image processor
A Using high density bumping + area redistributed TSVs

AAdvantages:
A General: optimization of (CMOS) technology for different layers

A Imager system:
- Vertical parallel readout chain allows high speed
- Triple (nfold) area per pixel allows complex electronics per pixel

- Low capacitance interconnect to digital image processor allows high speed and
low power

AChallenge: system architecture:
A Optimal split in different layers of functionality and technology

imecC © IMEC2014  PIET DE MOOR 55



3D STACKED IMAGERS:
APPLICATIONS

Anon-imagers:
A memory stacking
A memory

Multi-die Memory stack Memory on logic

Aimagers:
A image processing:
- detection and

recognition of faces,
roads, cars, ...

- depth information
(3D)

A image compression

tmecC © IMEC2014 PIET DE MOOR



3D STACKED IMAGERS:
PARALLEL IMAGE PROCESSING

Aarea distributed vertical
architecture allows parallel
processing of image

pe U pe I pe U Pe 12| PE | PE

Output

pE | pE |l pE L PE || PE || PE

Control T 4] ¥ 3l 7 ~
/ ontro PE —{ PE —f| PE — PE —{ PE | PE
Processor
i i I ] I

PE Il PE I PE | PE |— PE | PE

- - — |
pE Il pE | pe |l PE | PE | PE
- - — |
pe | pe Il P Il Pe I PE | PE

vision

systems



TECHNOLOGY ENABLERS:
THROUGH -SI-VIA PROCESS

A'Viami ddl e": f abrGCGMOSEEOb N T
device fabrication processing but before BEOL

FnFER

2 um

Si Imec process:
i 0 5 um diameter;
0 50 um deep;
= o Aspect ratio 10

imec © IMEC2014



TECHNOLOGY ENABLERS:
ASSEMBLY

10/10/2012| HV |spot| mag | WD | tilt | det | 30 ym
171228 AM|1500kV| 45 13000x/ 49 mm -0 °| GAD CG-PTCP-PTCO



TECHNOLOGY: TSV IN

bumpconnections:
{ pbump —

Pitch 40 pm scaling down

Mcp (M5) to 20 and 10 um

My (M4)

Mx (M3)

PWR (M2)
GND (M1)

Nd 95:09
| LOT/S/

Si Interposer

-0 ‘/\M 00°0€
1 AH

‘ll!

X0002Z
Bew

als
1ep

wuw g9l
am

(optional) semadditive
Cu redistribution layer

Backsidepassivatior&
(RDL)

TSV
10 pym @, 100

pm deep 50um @, 50 um tall,

Cu-pillar flip chip bumps:
down to 100 um pitch

imec

© IMEC2014 3D SYSTEM INTEGRATION PROGRAM

INTERPOSER

ATSVs in (passive)
Interposer
substrate

Aadvantage:
standalone
fabrication
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IMEC 3D SYSTEM INTEGRATION PROGRAM

" LosicIDM
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/ATERIAL SUPPLIER\

\ ),
\m\«)

e
brewer science

HitachiChemical
FUJFILM
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CONCLUSIONS

Athere is a future for 3D stacked imaging systems

Aapplication specifications defitiee required 3D
iIntegrationtechnology

Atrade-off: performance vs. cost

Atechnology blocks are becoming matuen delay]

A waferthinning

A high density D2D and W2W vertical interconnetgchnology
A TSVtechnology

Atechnology access remains difficult:

A (large volume) consumer products first by vertically integrated
companies

A no commercial access (yet) for (ultra) low volume
A research institutes are moving to prototyping and LVM

imec © IMEC2014 62



HIGH -END IMAGERS :
APPLICATIONS & FEATURES

Industrial Key features
Industrial sorting & _
| Machine Vision Instrumentation _
O achine Low noise
B AN
%% & @ S .
A - PN |
Y, % & ghQ
CCAR: & 3
S . GC?}‘ @ < §\ X<
Low power
Night Vision Scence'\m’o\g‘“g Life-Science
High-end deteCtion- uoreTissue analysis & Medical _
transports, O microscopy Imaging High speed
security &

surveillance

Radiation
Hard

Non-Visible
sensing

Space, Physics i
& Scientific  §

imec © IMEC2014
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Filters/ARC




IMEC IMAGERS & VISION SYSTEMS

Cell sorter

Lense-free
microscopy
_ . imaging
Line scan imager

¢ \ Displays

\ o ' (MEMS based)

HOLO
GRAPHIC

Electron

detectors uv / EUV ‘
imager & detectors Evaluation

X-Ray -, ‘ System cn
o> W@ (e, et
| d’ ot/ VISION SYSTE SN CONT?\

ultra-sound
(MEMS based)

NON

3D stereo

VISIBLE O e NPES  vision
IMAGESENSORS /4‘ \3\?\0«5Y
Backside
illumination
/ﬁ” (BSI)
\.\“ LOW NOISE —
S HIGH SPEED embedded CCD
) (in cMOS)
ORGANIC -
IMAGESENSORS
imec 64
imec © IMEC 2013




IMEC OFFERING:

AAdvanced vision systems solutions

“0Wz

S

AFrom R8£D to LoonIume Productlon |

Research & Prototyping Low Volume
Development Production

imec © IMEC2014



ASPIRE
INVENT
ACHIEVE
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