Sensor/IC




y available 3D processes:
0-compression for bonding;

\d Interconnect;

and In-Au bump for bonding.

ing with Tezzaron to fabricate 3D ROIC (talk

orking with Ziptronix to demonstrate the DBI
y for particle physics sensor/ROIC integration:

goal — fine pitch (<25 pm) pixel arrays with a sensor tier
‘ed with one or more tiers of electronics with total thickness

han 100 pm.
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By Dr. Paul Enquist
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r bonding.

5) Place Surfaces Together
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5) Oxide Deposition
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6) Planarization

CMOS Back End of Line
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nsor/IC [ e
Terminate Surface with Amine Groups

Spontaneous Chemical Reaction
Si-NH; + Si-NH, = Si-N-N-Si + 2H,
H, Diffusion from Bond Fixes Reaction

Oxide Bonding Mechanical Spec < 0.5nm

7) Place 2 DBI Surfaces into Contact

Silicon - Conventional Pick-&-Place
........... ; Room Temperature, Direct Oxide Bondin
5.0kV 3.1mm x25.0k 2.00um CMOS BackEnd of Ling pe! % 9




‘Command Interpreter

00 - idle
01 - reset
10-
1" -

4 pairs of Read Clock
Command Lines Read Reset

Token In

A FPIX2 Pixel Unit Cell
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rototypes

e

A DBI bonded FPIX wafer by Ziptronix

50 MIT_LL sensors DBI bonded
to two FPIX wafers by Ziptronix.

Sensors thinned to 100 pm after
bonding, backside not implanted.

30 good devices in the end (16
with bond voids indicated by
SAM. Normal yield is 80-90% if
not dealing with a small number
of wafers as us).

Scanning Acoustic Microscopy
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A integrated device after dicing
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FPIXT FPIX_—EI
n+ pinning layer

n- bulk

cuf

backside after grinding

ed to FPIX input at ground potential;

ected to positive potential through FPIX.
from the trench to the ground surface of the

) along the surface and cut edge or (b) by punch-

ayer surrounding p+ diodes and entended to trench:
optical devices to passivate the detector surface;
2|d between the detector and ROIC.
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ond the full depletion voltage is due
ssociated crystal damages.

e sensors down to 50 pm (include a
vackside implant and laser anneal.
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assuming 3.5fF injection capacitors.
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— bare ROIC
4001 a) with pinning
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log outputs of two FPIX channels
ar way from the laser.

rsus bias — depletion volume increase.
noise) decreases versus bias — input
mplifiler decreases versus bias.

ng starts to dominate over diffusion.
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y charge injection;
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Pulse Injection Xray Sources Comparison
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Laser Scan Hit Map P source Hit Map
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e digital outputs of most of the channels due to
1 3 source (Sr-90).
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trate the DBI technology as a
pbonding for particle physics pixel

linning possible after bonding;
mercially, fairly inexpensive.
DBI bonded prototypes very promising:

ly small number of interconnect failures (see most
els by the laser scan):

nput capacitances seem to be small.

the charge collection near/outside the trench,
y the charge collection within each pixel area

ell focused) laser and test beam.
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connected
to bottom
implant

ottom
implant |:=

equipotential field lines
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Top view of the pixel array. (20-micron pitch)

Edge Contact

n++(trench)

ZYe 11/17/2008




I —P Flash Latch to Binary
—L ADC Sneocer
- Ressts R
If{ }EI _| |_. * Address
L Bus
—& s I } * | Command Interpreter Controller
Sensor —H 00 - idle
— T 01 - reset
| Kill 10 - output
} 4— Inject 11 - listen
Test
4 pairs of RFastoR Throttle Read Clock
Command Lines HF astOR Read Reset
Token In
Token Reset
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rsus bias — depletion volume increase
noise) decreases versus bias — input
mplifiler decreases versus bias

drifting starts to dominate over diffusion
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