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IMAGING HISTORY

AHistorical (r)evolution in radiation detection/imaging:
A Singlepixel linear array 2D array

A= thanks to:

A Mother Nature:Si has a combination of unique properties
- Rightbandgayo detect visible light
- Absorptionof photons in a few micron thickness
- The best/most practical semiconductor material

A Developmentn microelectronics fabrication technology
ATechnologies:

A Dedicated imager technologgharge Coupled Device
(CCD) 0o Nobel Prize 2009

A CMOS image sensors (CIS) are taking over thanks to
advantages of CMOS scaling: I.e. integration on electronics, It
POWE, ...
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INTRODUCTION

A2 imager roadmaps with a different approach:

ATraditional roadmap: scaling to smaller pixels:
- Equal chip size (or slightly smaller)
- Higher resolution

- M

- Lower sensitivity/pixel=== backside illumination

AIMEC Integration/packaging roadmap:
- Backside illuminategs=== Hybrid====) 3D integrated
- Enables advanced imaging systems
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IMEC VISION:
ADVANCED IMAGER INTEGRATION
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LARGE AREA IMAGERS:
STITCHING

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

ADifferent imager sizes on one wafer
demonstrated:

A 12x12 mni, 25x25 mm and 50x50 mrh
AApplication: e.g. Xay

on reticle

" on wafer




SPECIAL SUBSTRATES

AEpitaxial layers:
A Thick:

- Up to 50 um demonstrated

- For detection of radiation penetrating
deeper in Si

A Gradeddopantconcentration
- For directional carrier transport
= lower crosstalk
AHigh resistivity substrates:
A Both n and gtype
A Resistivity > 1kOhm.cm
A Solution for chucking irmecfab

A Application: fully depleted imagers for e.qg.
low crosstalk and Xray direct detection
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HYBRID BACKSIDE ILLUMINATED IMAGERS :
TRENCHES FOR ZERO CROSS -TALK

APolySi doped trenches separating pixels:
A Disadvantage: (limited) reduction in-faictor

A Advantage: no crosslk

ADemonstrated using laser point source

Aongoing optimization: recovery of good charge collection & QE

Doped poly -Si filled trenches
.. >lel9atlcm 3 ‘

P Built -in electric fields

AccV SpotMagn Det WD E F———— 5um
500KV 3.0 8331x SE 4.1
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BACKSIDE ILLUMINATED IMAGERS:
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 and temporary
wafer (de)bonding technology

AIMEC results:

A Thinning down to 15 um

A Total thickness variation ~ 2 um
on 200 mm wafer
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BACKSIDE ILLUMINATED IMAGERS:

(G

AAdvantage: no dielectric/metal in
radiation path:
- 100% fill factor,

BEOL

|

- No QE loss <<<Y<<Y<<<<<’i

- Broader wavelength range for radiation ] |

with shallow penetration (i.e. in UV) frontside " backside
ATechnoIogy: illuminated illuminated

100

A Backside thinning + damage remove «
- Combination of grinding and Sietch £_

A Backsidepassivatiomf trapping
centers:

- High dose implant
- Laser annealing (for low T budget)
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Absorption Depth [pm]

BACKSIDE ILLUMINATED IMAGERS:
SENSITIVITY

AReduced charge collection/QE for radiation with long absorption length
AExample @ 900 nm2 micronepi 50% QE, 50 microrpi 90% QE
ASimilar challenge for-Xay detectection(l < 1 nm, Energy > keV)
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ASolution: thickepi or high resistivity substrates
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BACKSIDE ILLUMINATED IMAGERS:

SENSITIVITY
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ADetectionof radiation with short absorption length is a challeng

A Very short absorption length in dielectric materials (i.e. BEOL)
- Solution: exposed Si, e.g. backside illumination

A Very short absorption length in Si

- Solution: very shallowassivatiorayer (< 10 nm),optimalizationongoing

AExample: (N)UV detection: sensitivity @ 280 nm demonstrated
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HYBRID BACKSIDE ILLUMINATED IMAGERS:
HIGH DENSITY BUMPING

Aln andCuSnmicrobumps

A Postprocess at wafer level for both sides:
- Underbump metallization (UBM) & patterning
- Solder deposition & patterning

A Smallest pitch:
- 20 um

- 10 um under development
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HYBRID BACKSIDE ILLUMINATED IMAGERS:
HIGH DENSITY BUMPING

AFlipchip interconnect scaling:

A Intermetallicformed by UBM solder interaction

A Very small pitch: onlintermetalliccompounds

Alntermetallicbonding:

A Advantagehave a higher melting point (and allow multiple layer stacking)
A Disadvantagenultipleintermetalliccompounds with variable reliability

100pm pad diameter 40um pad diameter 20um pad 10um pad
i 150-200pm bump pitch 60pm bump pitch 40um pitch 20um pitch
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