B physics seminar:
Semiconductor Detectors

10.6 Position-Sensitive Detectors

Reference :W.R.Leo  “Techniques for nuclear and particle
physics experiments”




10.6 Position sensitive detector
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10.6.1: Continuous and discrete
detectors




Continuous detectors
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Discrete-type detector
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Continuous readout with resistive charge division and

discrete array with readout element
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Reference:”silicon counter telescope to study short-lived particles in high-energy hadronic interactions ” Hyams et al.

10.6.2: micro-strip detectors
~capacitative charge division method~
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Fig. 1. Cross-section of a microstrip detector with capacitative charge division.
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resistive and capacitative charge division

Charge division

$I| IJ—'_II\ :

«ixEelectronics channels® Al .

55 PR :
Intermediat
strip A

* High noise large loss
LHvbtrackD L& 2K TF

.".low noise analog electronics &

‘EHiZFKchannelDFRAHAHLEITOLY2
particle separation,pulse heightg|
ENELGD,

Capacitative charge division meth

Al
- AR M capacitor [Z&>Tadditional
noise*>signal delay(X &£ LC74iLY,

q $ Read out strip * Geometry TBE[Zstripfal Tcapacitor
"
I

MTETLD,

Intermediate. I Read out strip
strip IS —
AR Al




10.6.3:Novel position-sensing detectors
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- 1.silicon drift chamber
2.charge coupled device(CCD) etc.
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Reference: Gatti and Rehak

Silicon drift chamber

Potential

Electron
Potential

O PP P TS

o R
Gas drift chamber &EI#kIZdrift Bz BIE 9
H_ETHNERBERS S

. 10,17,
X : silicon d

" BULK -
/ -
vl 7 - =
T 1
vl L 7301 | [ 1
Y \ : SECTION
BTJUNCTIONS  n"JUNCTIONS L SpowN
BELOW
(a)
vUNDEPLETED \—UNDEFLETED
\ REGION
{CONDUCTOR) \(CONDUCTOR)
o R
© o
e ) e |° 5
- G S~
|‘7ﬂ J‘\‘lNéIONS _ﬁn'vUNCTIONS

w2 ]

1

Vi

Fig, 3. The potential of a fully depleted silicon wafer when an
additional linear field along the y-axis was superposed. The
field ilizes the full letion by i ping all
charges away.
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Charge coupled detector(CCD)

1.7¢E# & (photo diode)

2. B D EFE (photo diode)

3. BT DERE (CCDD ¥ RE

4 BERMDRE(ERmEESEFIC)

2 BHOEH
SitE @I BH N B CEDLINE

HDBEWNWRTUIYILAFREES,

1. E R

BT

hy EX)&REMOSF v R4

°
e
A :E'\JllOOnm
v Ooe e©e N

g
U7 B =11eV(Si @OK) |

EC
E




X| (reference) ;EiATL2FOZ=9X

Charge coupled detector(CCD)
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Reference : R.Klanner “silicon detectors”

Charge coupled detector(CCD)
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Fig. 8. Simplified principle of a CCD as particle detector.




Reference : R.Klanner “silicon detectors”

Silicon detector @) performance table

Performance of various silicon detectors

Detector Strip Drift CCD
detector chambers

Spatial resolution = 3 um 5pm 4.3x6.1 um
Two particle
separation 50 um 80 um 40 pm 1n space
Memory time 10 ns ~1-10pus <50 ms

(1 cm dnft)
Readout time 10 ns ~1-10 s 50 ms
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