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- 5D - Vertically Integrated (3D) Detectors

N

A 3D chip is comprised of 2 or more layers of
semiconductor devices which have been
thinned, bonded together, and interconnected Opto Electronics
to form a “monolithic” circuit.

The layers (also called tiers) can be
comprised of devices made in different Andog Layer
technologies.

The move to 3D is being driven by industry.
Going 3D reduces trace length, Reduces

Digital layer

Sensor Layer

R7 L, C 'lIant-IHanwaL\

Improves speed [ AN f
Reduces interconnect Motat 7 — 3. cuo
wnal

power’ CrOSStalk Unperceivable Bond Interface sy e it e

Reduces chip size Drawing and SEM Cross section

Processing for each layer can be
optimized 8 u pitch, edgeless, 50 u

thick fully depleted two
 Fully depleted sensors can be naturally tier im:gir fr%m MlTVYLL
included as the base layer of the 3D stack
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3D Concept for HEP

CMOS SOI circuitry Interlayer vias

Water bond
ox1ide, intermetallic e
. Photodetector tier (Tier 1)
Or €poxy High-resistivity bulk silicon

high resistivity silicon wafer,
Thinned to 50-100 microns

Backside implanted after thinning,
before frontside wafer processing
Or laser annealed after processing
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Advantages of 3D for ILC

High resistivity substrate available for fully depleted diodes - large
signal

No limitation on PMOS usage as in CMOS MAPs
Sense nodes can have very low capacitance
Increased circuit density without going to smaller feature sizes

Ability to process a field of pixels in upper tiers (reduce transistor
count, cluster ...)

Technologies can be mixed. 3D may be used to add layers above
MAPS, CCDS, DEPFETSs or other devices under development.

SOl Radiation hard to >1 Mrad, low SEU sensitivity

SOl is a low power technology

Can be made “edgeless”

Thinning to 50 microns demonstrated

Minimum charge spreading with fully depleted substrate
100% diode fill factor

“Stitching” traces possible on top tier metal (full wafer mask)

Ronald Lipton, SiD Meeting
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Analog and 5 bit
digital time stamps
Analog resolution (?)

Sparse readout
Individual kill/inject

3 vias / pixel

input bump pad

3D ILC Chip
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Mating Sensor Layout

Completing design of a mating sensor to be fabricated at MIT-LL
50-100 microns thick

“‘edgeless” - no dead region

Design without n+ implant

Design with n+ implant Bump pads

5 u trench pitch pixels




Wafer Cartoon

33 micron
x Tmm cells
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Other Studies

« Sensor and chip thinning
— FPIX thinned to 15 microns
— Wafer thinned to 20 microns

Bergamo group submitting a design variant with 25 u
pitch MAPS pixel in 90 nm technology.

SOI (SBIR with American Semiconductor, OKI

submission)

— Laser annealing studies

— Circuit design

— Test submission

Bump bonding of test chip and wafer
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