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OUTLINE

ÁIntroduction: imecvision & roadmap

ÁTechnology components and results:

ÅFrontsideilluminated imagers

ÅBackside illuminated imagers

ÅHybrid backside illuminated imagers

Å3D integrated imagers

ÅFlex embedded imagers

ÁConclusion
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IMAGING HISTORY

ÁHistorical (r)evolution in radiation detection/imaging:

ÅSingle pixel linear array 2D array

Á= thanks to:

ÅMother Nature: Si has a combination of unique properties

- Right bandgapto detect visible light

- Absorption of photons in a few micron thickness

- The best/most practical semiconductor material

ÅDevelopment in microelectronics fabrication technology :

ÁTechnologies:

ÅDedicated imager technology: Charge Coupled Device 
(CCD) ðNobel Prize 2009

ÅCMOS image sensors (CIS) are taking over thanks to 
advantages of CMOS scaling: i.e. integration on electronics, low 
power, ...
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INTRODUCTION

Á2 imager roadmaps with a different approach:

ÅTraditional roadmap: scaling to smaller pixels:

- Equal chip size (or slightly smaller)

- Higher resolution

- Lower sensitivity/pixel backside illumination

ÅIMEC Integration/packaging roadmap:

- Backside illuminated Hybrid 3D integrated

- Enables advanced imaging systems
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IMEC VISION:

ADVANCED IMAGER INTEGRATION
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LARGE AREA IMAGERS:

STITCHING

ÁStitching allows large area imagers:

ÅUp to 1 imager per wafer

ÁDifferent imager sizes on one wafer 

demonstrated:

Å12x12 mm2, 25x25 mm2 and 50x50 mm2

ÁApplication: e.g. X-ray
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SPECIAL SUBSTRATES

ÁEpitaxial layers:

ÅThick:

- Up to 50 um demonstrated

- For detection of radiation penetrating 

deeper in Si

ÅGraded dopantconcentration

- For directional carrier transport

= lower cross-talk

ÁHigh resistivity substrates:

ÅBoth n and p-type

ÅResistivity > 1kOhm.cm

ÅSolution for chucking in imecfab

ÅApplication: fully depleted imagers for e.g. 

low cross-talk and X-ray direct detection
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HYBRID BACKSIDE ILLUMINATED IMAGERS :

TRENCHES FOR ZERO CROSS -TALK

ÁPoly-Si doped trenches separating pixels:

ÅDisadvantage: (limited) reduction in fill-factor

ÅAdvantage: no cross-talk

ÁDemonstrated using laser point source

Áongoing optimization: recovery of good charge collection & QE/
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BACKSIDE ILLUMINATED IMAGERS:

THINNING

ÁTechnology:

ÅCourse + fine grinding

ÅCritical: thinning damage, impact 

on devices

ÁWafer handling:

ÅVery thin wafers (< 100 um): use 

of carrier wafers and temporary 

wafer (de-)bonding technology

ÁIMEC results:

ÅThinning down to 15 um

ÅTotal thickness variation ~ 2 um 

on 200 mm wafer

PIET DE MOOR 12



© IMEC 2010

BACKSIDE ILLUMINATED IMAGERS:

ÁAdvantage: no dielectric/metal in 

radiation path: 

- 100% fill factor,

- No QE loss

- Broader wavelength range for radiation 

with shallow penetration (i.e. in UV)

ÁTechnology:

ÅBackside thinning + damage removal:

- Combination of grinding and Si etch

ÅBackside passivationof trapping 

centers:

- High dose implant

- Laser annealing (for low T budget)
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BACKSIDE ILLUMINATED IMAGERS:
SENSITIVITY 

ÁReduced charge collection/QE for radiation with long absorption length

ÁExample @ 900 nm: 12 micron epi:  50% QE, 50 micron epi:  90% QE

ÁSimilar challenge for X-ray detectection(l< 1 nm, Energy > 1 keV)

ÁSolution: thick epior high resistivity substrates
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Photon 

absorption 

length in Si

@280 nm:

absorption length in Si is 

~ 4 nm

BACKSIDE ILLUMINATED IMAGERS:
SENSITIVITY

ÁDetection of  radiation with short absorption length is a challenge:

ÅVery short absorption length in dielectric materials (i.e. BEOL)

- Solution:  exposed Si, e.g. backside illumination

ÅVery short absorption length in Si

- Solution:  very shallow passivationlayer (< 10 nm),  optimalizationongoing

ÁExample: (N)UV detection: sensitivity @ 280 nm demonstrated
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HYBRID BACKSIDE ILLUMINATED IMAGERS: 

HIGH DENSITY BUMPING

ÁIn and CuSnmicrobumps:

ÅPost-process at wafer level for both sides:

- Under-bump metallization (UBM) & patterning

- Solder deposition & patterning

ÅSmallest pitch:

- 20 um 

- 10 um under development
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HYBRID BACKSIDE ILLUMINATED IMAGERS: 

HIGH DENSITY BUMPING

ÁFlip-chip interconnect scaling:

ÅIntermetallicsformed by UBM solder interaction 

ÅVery small pitch: only intermetalliccompounds

ÁIntermetallicbonding:

ÅAdvantage: have a higher melting point (and allow multiple layer stacking)

ÅDisadvantage: multiple intermetalliccompounds with variable reliability
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