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Semiconductor Detectors
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I Reverse biased, segmented p-n junction

I Separation of ionized charge in E-�eld

I Moderate bias voltage (50-300V)

I Signal collection time � 10ns

I Signal charge: 1 e-h pair $ 3.6 eV (Silicon)

I Per MIP � 4fC charge (300�m)

) needs strong ampli�cation
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CMS Pixel Detector

Parameters of CMS Pixel Barrel:

Con�guration Radius Chips Pixels Area

[mm] [m2]

Layer 1 low lumi 41 - 45 2304 6:35 � 106 0.15

Layer 2 low & high L 70 - 74 3840 10:6 � 106 0.25

Layer 3 high lumi 107 - 112 5888 16:2 � 106 0.38
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Special in CMS Pixel

I � 70 million pixels

) special read out chip, special bonding technique

I Harsh radiation environment

) change of doping due to crystal damages

) high bias voltage (� 300V)

) change of surface parameters

I Pixel isolation:

Si oxide
n+ implant

n-substrate

electron accumulation channel

p-stop ring

positive charge in silicon-oxide

ond pellet

I Potential of unbonded pixel

0 50 100 150 200 250 300 350 400
0

20

40

60

80

100

120

140

Vbias   [V]

po
te

nt
ia

l o
f u

nc
on

ne
ct

ed
 p

ix
el

  [
V

]

after irradiation (100 kGy)

RK, Univ. Zurich / PSI



Bump Bonding Technique
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Prototype Results

I 2 test submissions in 1999 with CSEM and SINTEF,

including high and low resistive silicon

+ oxygenated material

I n+ pixels (150� 150�m2) on n-bulk (300�m)

Pixel isolation with open

p-stop rings

I Irradiations at CERN (p) and PSI (�) up to 105Gy

I Leakage current within speci�cations:
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non oxygenated, high resistive silicon
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I Pixel isolation:
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Measurement wafer 3

spice z-resol 7.5 µm

spice z-resol 5 µm

spice z-resol 3 µm

R = 0.77 MΩ /  30 µm

W = 314 µm

VM = 0.2 V

VFD = 150 V

{ 3D resistive network simulation for undepleted

bulk conduction
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at 250V bias voltage, no annealing

SINTEF oxygenated

CSEM high resistivity

{ Pixel isolation increases with dose

{ E�ects of lost pixel bumps still under

investigation
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