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Requirements for Detector

“Simultaneous detection of hundreds of particle tracks with micrometer
spatial and nanosecond timing precision in harsh radiation environment
close to the point of their production.”

In preface of L. Rossi, P. Fisher, T. Rohe, and N. Wermes, “Pixel Detectors, From Fundamentals to Applications,” Springer 2006.
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SOl Monolithic Detector

Monolithic detector using silicon-on-insulator (SOI) technology.
Detector chip (handle Si) is electrically connected to readout circuit (SOl layer) by small via
fabricated by a conventional LS| process.
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Advantages of SOl Monolithic Detector
- Commercial CMOS process to fabricate SOl detector
- Extremely Low material budget (can thin down to 50 pm)
- Easy to embed circuits in pixel
- Low parasitic capacitance
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Implementation of requirements in SOl detector

Using SOI pixel sensor technology, around 10 um pixel size was achieved
with embedding an analog amplifier in pixel.

For the vertex detector, multiple hit locations, timing, (and analog signals)
must be detected. This requires additional circuits in a pixel.

From consideration of circuit layout for these functions, the pixel size
must exceed 30 um and difficult to fulfil the required spatial resolution.
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Need chip stacking (3D) technology with an SOI pixel detector chip !!



Candidates for Au u -Bump

Stable Process
large bonding Margin
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conventional Au bump Au cone bump

low temperature process
less than 200°C

no extrusion

Au has no extrusion

Au cone bump

Good in scalability
Bump size must be limited by lithography
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Process Flow of Au Cylinder Shape Bump

Key Technology : inverse-tapered photoresist
& low incident-angle sputtering

photoresis t Under Bump Metal

Bump Hole Patterning

/photoresist
bump pad
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Characteristics of Au Cylinder Shape Bump

Au cylinder bump

Bump Resistance
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Top Side Electrode Formation

Need to make electrical connection from

. ) _ “Via” already exists in front-end process and
metal wiring of upper chip to top side.

can be used as “via” to top side when handle Si
of upper chip is etched-off.

e TBV (Through BOX Via)

High R-i ) Via size : 0.3 um

Conventional Way : TSV (Through Silicon Via)

TSV process
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Viasize:fewum  Too much process steps !!
Need extra equipment !!



Proposed 3D Process Flow

Lower Chip Upper Chip /’-’_\
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CHgnRsi = (e) bump bonding
& adhesion glue injection

(a) after Via 5 formation
[receiving chip for 3D process]

(b) under bump metal ?jﬁ T =

deposition & patterning

High R-Si Si

(D) upper Si removal

(c) Au bump formation E I3 E - = r r [expose through BOX via]
High R-Si Si
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: (g) upper metal deposition &
= r I o pattering
) [bonding pad & backside gate]

(d) lower & upper chip alignment
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Pixel Circuit of Vertex Detector (SOFIST)
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B -ray Track Observation and Bump Yield

50K event accumulation
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Process Issue in SOFIST 3D Pilot Run
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Process Margin in Si Etching and counter measure
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