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PHENIX Silicon Vertex Tracker
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Hybrid pixel detector
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- occupancy
Stripixel detector
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- Pixel/strip

Pixel layers
r=5.0 cm, A z== 10 cm
r=25cm, A z=x 10 cm

Beam pipe Stripixel layers

r=10.0 cm, A z=+ 16 cm
r=14.0 cm, A z=+ 19 cm




PHENIX Silicon Pixel Detector (

LHC-ALICE based technology

- Hybrid pixel detector 1 Sensor 4 R/O chip
bump-bonding
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- 32x 256 = 8,192 pixel/chip, 50x 425u m? pitch
- Half-stave = 2x bump-bonded ladder + Al/Cu/Kapton

Support+cooling

2 bump bonded Iadder ,, bump bonded Iadder
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Radiation-hard pixel R/O chip (<30Mrad)
Thin silicon pixel sensor (200p m thick)
Fine-pitch bump-bonding (50u m pitch)
Low mass Al/Cu/Kapton multi-layer bus
Low mass cooling & support structure
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Silicon Pixel Detector : Hybrid vs Monolithic

Hybrid pixel (BNL-PHENIX, LHC experiments etc)

- Sensor R/0O bump-bonding
- Advantage
Sensor R/0O available technology

- Disadvantage
Fine-pitch bump-bonding, thick, cost

Monolithic pixel (Vertex detector at ILC etc)
- Sensor R/O

- Advantage
No bump-bonding, low noise, thin, cost-effective

- Disadvantage
Under development




Hybrid Pixel Detector

Sensor chip wafer Readout chip wafer
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* Dicing

1 Bump bonding

Flip-chip bump bonding
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Hybrid pixel detector

* Pixel sensor :
* R/O chip : CERN/IBM, ALICE1LHCB
e Bump-bonding : SnAg




Silicon Pixel Sensor

Type : pt/n/n+
5 sensors on 4 wafer
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Silicon Pixel Sensor
Basic pixel : 50x 425y m? pitch

Junction pixel : 50x 625u m? pitch
(R/O chip dead area )

BASIC PIXEL(B) as OCTAGONAL PAD for bump bonding
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Silicon Pixel Sensor

- Wafer
Full depletion voltage Radiation hardness

- Al/Passivation
Bump-bonding

- Guard ring (GR)

Single-GR : dead space
200y m

Bump-bonding
- Wafer




Fine-Pitch Solder Bump-Bonding

SnA(Q 2003 12
- 354y m pitch SnAg bump-bonding
- Pb free process (cf. ALICE/PHENIX : PbSn)
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Hybrid Pixel Detector

Sensor chip wafer Readout chip wafer
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* Dicing

1 Bump bonding

Flip-chip bump bonding
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Hybrid pixel detector

* Pixel sensor :
* R/O chip : CERN/IBM, ALICE1LHCB




Fine-Pitch Solder Bump-Bonding

8” R/0 chip wafer bumping
- 50y m pitch UBM

- Wafer2

- bump

- yield

Sensor wafer UBM
Bumping R/0 chip wafer
- Thinning : 750y m - 150u m

Bump-bonding




hybrid pixel detector
- pixel sensor  fine-pitch bump-bonding
- Pixel R/O chip

Hybrid pixel detector

- Fine-pitch bump-bonding <50 m

- Sensor R/O chip
CERN RD50 rad-hard sensor material (MCz wafer )
3D sensor




