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 Motivation

e Physical model of interstrip resistance

e Experimental results on interstrip resistance in as-
processed Si detectors

e Influence of nonequilibrium carrier generation

* Ryin n-type FZ and CZ Si samples

Conclusions
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Current subjects:

¥ Development of operational model for voltage
terminating structure (VTS) and current terminating
structure (CTS, edgeless detectors)

Vv Strip detector performance at SLHC: very high
fluences and enhanced bulk generated current

¥ Noise performance of spectroscopic strip
detectors (GSI, Darmstadt)
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Special design of test structures

p-n-n* structure

| - area 1x1 mm?
| \%\\ Strips:

two interpenetrating “‘combs’:

- pitch 25 um

=» increased length

of interstrip gap

=>» equivalent to 4 cm strips

FZ n-S1, p>5 kQ)

(7

\S

d=300pum  Vy=20V

E. Verbitskaya et al., 15 RD50 Workshop, CERN, Geneva, Nov 16-18, 2009




Physical mode/

Interface
. current
SiO, A  Surface leakage b
! R
/ (01 ! ¢2 / —!I

\__

n+

P1=0;
- potentials at the strips

Components that control
interstrip resistance Rg:

- surface leakage
- interface current

Distortion of symmetric distributions of potential and electric field
may stimulate excess current flow between strips
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Measurements
of interstrip gap characteristics

Rethley — U, — bias voltage
P ___DU{} _L applied to p-n junction

2 zegment

S0, U, — bias voltage
between the strips

n-Si wt

NS r SNSRI NN
2

N
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I-V characteristics of interstrip gap

FZ n-Si, # WP 3-6-2

U2 -
® ®
I
L | N— | I—
Iinsf
' !;nggA:I‘:f%Q??ZZ-- I,
o ° . A
A @ XK ]
T
X VI=30V S B R
« VI=50V
2V "
- I=14+ Linst
-25 20 -15 -10 -5 0 5 10 15 20 25 I, — strip dark current
U, (V) L. — Interstrip current
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Current flow in interstrip gap

U,
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Interstrip current 1, .

I,,.(U,): dark current is subtracted Interstrip resistance:

Interstri t, FZ, # WP 3-6-2
0.15 A - R,.=dU.,/dI.
_— IS 2 inst
1 o
| A —0 | .
0.10 Shanaiz=——rmme o 5V ' Regions with different
' AAA TTmm—l A
A MLLInetrt il | slopes
§ KXo . AA\‘;_ X 30V
005 2500000gns s Kikass .| D | 5T . SOV ¢ Aand A*:
g AAXAAﬁg zzo.z.... fxxx = inst A 70V R .= dI dU -1
~ be ééeegé;::tf*% =90V .Q—( inst/ 2)
TepasEs - ohmic isolation resistance
0.00 Deg§ A* . )
__%_EE §§§§ Sty independent on U,, related
=T ‘%"-% mainly with surface leakage
0.05
5 4 3 2 1 0 1 2 3 4 5 ¢ B: current step oI,
U, (V)
v dl,,,and dl, /dU, 1
as U, 1
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Origin of interstrip current step 6L,

¢l # @2
. Current switching —

redistribution of strip hole
currents

In detector:
Switching acts as
negative feedback
=» recovery of potential
balance

st = (dI inst/ dUZ) !
in ol

inst

region
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linst (NA)

Interstrip resistance vs bias voltage

a)
U.

1
Q)
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R, ~ 200 GQ

irrespective to U, and at +U, R, withU, 1

R,o>R,,

E. Verbitskaya et al., 15 RD50 Workshop, CERN, Geneva, Nov 16-18, 2009

11



linst (nA)

I (nA)

Influence of nonequilibrium carrier generation

Current vs. Uy, p+ illumination
40

<

Interstrip current vs. U,

N-492

U. 1o

1
Q)

-0.04 -

0O-0A

V.UV

Uz (V)

Current vs. U,, n+ illumination
b

I (nA)

Uz (V)
Carrier generation:

- by LED illuminating p* side
- white light on n* side

I = Iph + Iinst
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Influence of nonegquilibrium carrier generation on Rrs

. n ! ] Y Roand R, 1
0 F with carrier generation
—m—R,,, darkness
R e —A—R_, p* illumination . . .
"""" = ° Y R, : p*illumination
S 10} —v—R,,, n* illumination Q0 '
) 4 v §| - R, darkness — high n and p under SiO,
025 R, P* illumination
- B R , + .II . . O O .
Y s M ilumination) X" R - -at carrier generation:
no dependence on U,
. S — switching is controlled

40 50 60 70 80 90 100 110 I 120 by photocurrent
Uq(V
1Y) rather than dark current

v Ratio of R, 1s about one half of current ratio
since Y2 of a total structure current 1s switched
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1 inst (nA)

Influence of Si type

FZ n-5i CZ n-Si

015 Interstrip current, FZ, # WP 3-6-2 Interstrip current, # CZ 311-2
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ins
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I (mA)
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Comparison of I, for different Si types

Currentvs. U .
z Interstrip current

l

0.15

——FZ, WP 3-6-2

—— FZ, WP 3-6-2

\ —o—‘cz, 31‘1-2 0.1
\ ut=90V
0.05

—o—CZ,311-2

™

linst (NA)

-0.05

AT S

-20

A5 -10

5 0 5 10 15 20 -6 -4 -2 0 2 4
U: (V) U:()

Y AU, 1s smaller in CZ S1

¥ oU, corresponding to Ol

1s smaller in CZ Si

inst

Y R, 1s similar

E. Verbitskaya et al., 15 RD50 Workshop, CERN, Geneva, Nov 16-18, 2009

15




Comparison of R,, for different Si types
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R, is smaller in CZ Si

Parameterization: R, = A - B(U,)"

FZ: R, =7.2-10-5.9 -10%U,)°>
CZ: R, =2.5-1010-2.2.10%U,)"5
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Future studies

v Different wafer orientation
¥ Detectors with different configuration

Vv Study of 1rradiated S1 detectors
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“ conclusions

v The factors that define interstrip 1solation resistance are:

- surface leakage,

- Interface current,
- new mechanism - distortion of symmetric potential distribution at the

strips and switching of strip currents.

¥ Switching of strip currents 1s a negative effect since it
decreases interstrip isolation. This effect may control interstrip
resistance rather than ohmic conductance between the strips.

Y R, 1s about 200 GQ irrespective to the bias voltage
while R 1s bias dependent and decreases with bias voltage
rise down to few GQ.

Results are partially published in:
V. Eremin et al., Semiconductors 43 (2009) 796.
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