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Effect of device structure design on the performance of heterojunc-
tion pixel detector
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2. Institute of Microelectronics of the Chinese Academy of Sciences, Beijing 100029, China)

Abstract : Pixel detector has always been the working platform of high-resolution and high-speed particle
tracking. In this work, silicon pixel detector based on poly-Si/SiO, passivating contact heterojunction
structure was designed. In order to obtain fast response of the pixel detectors, device simulation was
performed using Silvaco TCAD. The influence of substrate thickness on the transportation and collection
of signal carriers was studied. Meanwhile, the effect of device structure on the breakdown voltage of de-
tectors was also researched. The simulation results showed that a stronger drift field can be built for the
thinner substrate given the same bias voltage,thus a better carrier transportation and collection can be a-
chieved, it helps to improve the time response of detectors. A narrow gap between the active region and
the first guard ring was helpful for increasing the breakdown voltage. In the case of wide gap between
the active region and the first guard ring, the breakdown voltage can also be improved by designing a
field plate structure on the edge of the active region. As a result, the pixel detector can work under a
large bias voltage and a fast response can be realized.
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Fig.1 Schematic diagram of pixel detector

simulation structure

®1 GERVUEBHEMSENSH

Tab. 1

Parameters involved in pixel detector simulation

Parameter Numerical value
Thickness 300—500 pm
Wafer/N~ Doping concentration 1X10"em™?
Minority carrier lifetime 1500 ps
Thickness 200 pm
Silicon oxide film Tunneling oxide thickness 1 nm
Dielectric constant 3.9
Band gap 1.08 eV
Doping concentration 1X10*cm™*
POI}(JI\ISJE ;kfl,lil )film Thickness 200 nm
Electron affinity 4.17 eV
Dielectric constant 11.8
Polysilicon film surface 2000 cm/s
Recombination rate Imerfa‘fﬁn?leetl\i}:legeg)ggley?illlirclon and 500 em/s
Interface betwgen silicon oxide film 100 cm/s
and silicon substrate
Guard ring width 30 pm
The innermost guard ring is separated 25200 pim

from the active area

Field plate length

0—10 pm
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Tab.2 Experimental fitting values of Overstraeten and De Man

Electric field

Parameter Fitting value intensity range
ANI1 0.703X10° 1.75X10°—6.0X10°
AN2 0.703X10° 1.75X10°—6.0X10°
BN1 1.023X10° 1.75X10°—6.0X10°
BN2 1.023X10° 1.75X10°—6.0X10°

BETAN1 1 1.75X10°—6.0X10°

BETAN?2 1 1.75X10°—6.0X10°
AP1 0.671X10° 4.0X10°—6.0X10°
AP2 1.582x10° 1.75X10°—4,0X10°
BP1 1.693X10° 4.0X10°—6.0X10°
BP2 2.036X10° 1.75X10°—4,0X10°

BETAP1 1 4.0X10°—6.0X10°

BETAP?2 1 1.75X10°—4,0X10°
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Fig. 2 Simulating the change of charge collection time of pixel detector with different thickness
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Fig.3 Simulating the variation of anode current of

pixel detector with different thicknesses with time
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Fig. 4 Electric field distribution of pixel detector

with different substrate thicknesses
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Fig. 6 The electric field distribution on the surface of silicon substrate under different distances between guard ring and active region
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Fig.7 The distribution of potential obtained by cutline program along the substrate surface
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Fig. 10 Variation of electric field intensity on the surface
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