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Chus, :
Z Introduction

Simulation of the pulse shape of radiation damaged, segmented (pixel,strip) sensors
with and without B-field + effects of readout electronics

* For the prediction of:

|. Time and spatial resolution
2. Signal-to-noise ratio
3. Efficiency

e And:

4. For the optimisation of reconstruction algorithms
5. Templates for detailed Monte Carlo simulation of the tracker

* Why? Going from LHC to SLHC

Luminosity: 103 cm2s! — 103 cm™s’!

Fluence ®cqu (r=4 cm): 3%x10'> cm2 — 1.6x10'¢ cm™

= Optimise sensor design for radiation hardness
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amus, . . : UH
Z Simulation overview idi

e Signal shape: further development of ,,PIXELAV* (M. Swartz) (M.Swartz CMS-Note 2002/027,
M. Swartz et.al. arXiv:physics/0409049v2)

A \% Z 5 * Electronic: ,,custom made” program

A

* Sensor (static): TCAD
(commercial program)

r

|E]

e Charge carrier generation:
|) PLIXELAV (pions)
2) Monte-Carlo-simulation (N. Mazziotta and H. Bichsel)  (NIMA533 (2004) 432)
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Simulation |

e Electric field: TCAD simulation (so far const. doping)
e Charge deposition: realistic generation of the e/h-pairs (with d-electrons)
e Charge transport:

Drift: general classical formula for charge carries in E- and B-field
(B + B x B+ 1203, (B - B)B]

AT = At

L+ pr | BP

with:
1(E) mobility: saturation of velocity for high E-field is considered
1 Hall-factor: 1y = py/p 11z Hall-mobility

Diffusion: random distribution (Gauss) 02 = 05 — 02 = 2DAt

L o kT
D from ,,Einstein-relation D = —H

o At
Trapping: AP, = _—— (Monte Carlo) AP, trapping probability

Teff effective trapping time
* Charge collection: induced signal calculated by ,,method of mirror charges*

* Coupling capacitance (,,crosstalk™): transfer matrix (values taken from measurements)
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Simulation |l

® APV 25: is simulated as an ideal Op amp and CR-RC shaper + peak / deconvolution
mode and 8 bit ADC

e preamp transfer function:

Z
s B
' \ lcl R Vo
Hy(s) = — Ct = 0.15pF - b:)T
Cf % + S ;=Y p L® Z, R g

Ty = CrRy i

e shaper transfer function: S 3 =

ST Equivalent electronic readout chain
Hgp(s) = 5 7 = 90ns
(14 s7)
® Noise simulation: DETECTOR  BIAS  SERIES AMPLIFIER +
9 RESISTOR RESISTOR PULSE SHAPER
* parallel: leakage current: 10 g = 2ely Ry ens
] . 2 4kT a ®na
bias resistor: (NES N )
b
. . . 9 b Cd inb ina
* seriell: serial resistor: e, =4kT R, ind
amplifier: el = 8 KL
3 9m Noise equivalent electronic circuit

* no1/f noise in the simulation!
* Noise current and voltage pulses are generated according to: X (t) = X; A;6(t — iT5%)

Where T is the sampling time and A; is take from a gaussian distribution
with: 0, = /12, + 42, /\/2T; (parallel) and o, = ve2, +e2, /2T, (seriell)

* The noise pulses are processed by the preamplifier and then added to the signal
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] UH
Testbeam experiment idi

* Where carried out at DESY |l synchrotron with electron beam energy of 1-6 GeV

* Non-irradiated modules from different parts of the CMS silicon strip tracker have
been investigated (angle dependent 0°-60°)

* Prediction at DUT: ~10 pm at 6 GeV (dominated by multiple scattering)

test module \

scint  Ref det.3 Ref det.2 DUT Ref det ]/ scinl

— 2 strip sensors, rotated
by 90° against each other

«-}

'optical bench l

* The test module used for comparison:
non-irradiated, n-Typ, Outer Barrel |, pitch = 122 pm, thickness = 500 pm

* Measurement parameters:
=-15°C, Vip= 180V, Vpias =450V
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Cluster signal and SNR UHi'g.i

* Cluster signal: 3-threshold algorithms (cuts: signal: S/IN>2, seed: S/IN>3, cluster: S/N>5)
* In simulation adjusted: Amplifier gain and noise

cluster signal, simulation, 0° clustersig | cluster signal, data, 0° clustersig

Entries 10001 Entries 5275
» Mean 80.15 » = Mean 76.65
= - RMS 36.34 € 160 RMS 29.94
S 3001 %2/ ndf 155.9/182 s r %2/ ndf 145.7 /161
- F Width 4.147 + 0.124 % 140 Width 4.58 = 0.18
N o50F- MP 62.88 = 0.20 s MP 62.25 + 0.23
8 “VF Area 9976 = 118.1 8 120 Area 5060 = 76.8
E GSigma 7.645 = 0.399 E GSigma 6.352 + 0.501

€ 200 € 100

150 80

- 60

100 — -
- 40—
50 :— 20 :_
: 1 | 1 0 :
0 50 100 150 200 250
ADC
| signal to noise, simulation, 0° snrsig | signal to noise, data, 0° snrsig

Entries 10001 Entries 5275
@ 500 Mean 20.64 @ 200 Mean 20.39
et RMS 6.294 e F RMS 6.449
= +2 / ndf 162.3/128 > 220 2 / ndf 112/122
5 Width 0.9627 = 0.0240 % 200F Width 1.02 + 0.04
o 400/~ MP 17.21 = 0.03 = 180F- MP 17.31= 0.05
8 b Area 3364 = 34.1 8 E Area 1715 + 24.5
E GSigma ___ 1.401x 0.055 £ 160 GSigma __ 1.502 + 0.076

€ 300 S 140

C 120

200 1001

N 80F-

N 60

1001~ 40

- 20F-

0 L 0 C 1 a1l R T R T R R Ao
10 20 30 40 50 60 10 20 30 40 50 60
SNR SNR

e good agreement of MP, width and GSigma
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Crosstalk

* Crosstalk taken from data for 3 strips r./l. = in simulation inserted (transfer matrix)

| Signal on left neighbor | — simulation | Signal on right neighbor | — simulation
o 0.2 data " 0.2 data
£ o018f £ o0.18f
S 0165 S 0.16F
T 0.14F AL
S o12F = 012
E 0.1 £ 0iF
S o.08F 2 0.08-
0.06 0.06 —
0.04F 0.04
0.02E 0.02
050201 "0 01 02 03 04 05 002 01 0 01 02 03 04 05
ADCIeft/ADCseed ADcright/ADCseed
| Signal on second left neighbor | — simulation | Signal on second right neighbor | — simulation
m 0-2 ] data m 0.2 ] data
£ o018f £ 018
o 0.16F S o0.16F
B 014F T 0.14F
= 012 = 012
£ 01 E 01
S 0.8 S o8-
0.06 0.06—
0.04F 0.04F
0.02- 0.02F-
(L R YT B el a1 ik 10 [ | w P I e b e
-0.2 -0.1 0 01 02 03 04 05 -0.2 -0.1 0 01 02 03 04 0.5
ADCan Ieft/ ADcseed ADCan right/ ADcseed

* good reproduction of crosstalk by the simulation
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Pulse height distrbution U-H-'.g‘i

Zreq POSItion on the strip (0 centre); depends on

the prediction of the telescope

| pulse height vs strip | — simulation pulse height vs. x , seed strip, 0° — simulation
— data red — data
fl) 1 — m 1 -
r= - = -
3 0.9 3 g 0.9 -
o 0.8 o 0.8 kbt
§ 0.75— § 0.7 E_;L'fF Y +¢ 7t
= 0.6 = 0.6{ 1
(1] c © =
E 0.5 E 0.5
S 04F S o04F
< 0.4 = < T F
0.3 0.3
0.25 0.2F
0.1 — — 0.1+
0 5 N T;FT o oo by by ﬁ? Sk 0 - I | I | I I I | I I I | I I I | I
-3 -2 -1 0 1 2 3 -0.4 -0.2 0 0.2 04
strips Xred
pulse height vs. x , left strip, 0° — simulation pulse height vs. x , right strip, 0° — simulation
red — data red — data
0.3 0.3

0.25}; 0.25

ﬁ

Normalized counts
o
N
IIII|IIII|IIIIIIIIL(—0—H—0—¥-|-IIII
Normalized counts
o
N

o
IIII|I|;E_I|—_||—-‘IIII|IIII|IIII|IIII

0.15 Jr + 0.15 J{ JF ﬁ
4 »
0.1 X *;K**#}#’k#xiﬁx*i*iﬁiii*i{'***zpi igﬁi i‘+ Toetbhn qsiﬁﬂ*wsk*#ﬁ* fk'* *ﬁ*ﬁi* X *
0.05 0.05
0 | | | | | ! 0 | | | | | !
-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 04
xred xred

* mean pulse height: relative deviation seed: <1%, neighbour: <3%
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N-function |

A
PH Ise height of PH(R)
i) pulse height of stripi —>» 1) =
(i) pulse heig P PH(R) + PH(L)
fn dN d _ [ — _—
. . 0 “di !
integrated N-function: f(n) = T 4N 1~ ,
o i 4]
n function with beam 0° — simulation Y
— ek integrated n) function with beam 0° — simulation
(7)) — — data
2 0.06 = 1E
[= - = i
O 0.05 l -
o - 0.8
Q - _
N 0.04F ' i
) - g 0.6
§ 0.031 -
< - 0.4
0.02 i
B 2 B
0.01— 0 i
- _ e oL
% 0.2 0.4 0.6 0.8 1 0
n
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N-Function |

* nN-Function at 10° and 20° , charge sharing

n function with beam 10° — simulation integrated 1 function with beam 10° — simulation
— data — data
0.035 —_
o : g 1
S - -
+ 003 — -
o 00250 08
o - -
N N -
s 0.02- 0.6—
E :
0.015— i
2 - 0.4
0.01— :
- 0.2
0.005— i
0:..|...|...|...|... oL ol
0 0.2 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Nn Nn
n function with beam 20° — simulation integrated n function with beam 20° — simulation
— data — data
0.025 —
g - > 1
= B — n
= B i
0.02— i
o C L
s B 0.8
S ook HW% :
% 0.015 :— 0.6—
= N .
B - -
c 001 0.4
0.005 0.2
0: AR A T TR TN AN TN SR NN NN R SR | 1 : L L L L
0 0.2 0.4 0.6 0.8 1 00 0.2 0.4 0.6 0.8 1
i M

e deviation at 10°, good agreement at 20°
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° o lH
Spatial resolution idi

e Data: Corrected for multiple scattering and effective telescope resolution:

intr 2 _ raw \2 . . eff2
opur = (0pyr) (B — 00) —ka -0y * Reconstruction algorithms:

Measured spatial resolution Centre-of-Gravity:
1201 : : : s s j D cluster DiTi
| | — data I,’ ,'I,'IE TooGg = Z S
- simulation : cluster =t

100

n-Alg:
Ty =z + f(n)-p

Double centroid:

. _ Cleft/d’r + Cright/dl
be dr + di
with  di = 2ttt _ 1/dr
Sm'ght

Cierr COG of left and seed

i _ _ _ Binary:
1 1 1 1 i 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 [ °
% o0 /10 20 30 40 %0 60 70 Head-Tail.
e[- . CEH+£UT+SH—ST
HT — :
n-Alg Head-Tail 2 25avg
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Summary & Next steps

eSummary:

* For the development of radiation hard silicon sensors a simulation program is
needed, which allow one to simulate the pulse shape of irradiated sensors.

* Based on TCAD, PIXELAV and other tools we are developing such program.

* Comparison of simulation and non-irradiated CMS sensors are in good agreement.

*Next steps:

* Implementing of the ,,weighting field“ method

e TCAD simulation of irradiated sensors
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Backup

Jorn Schwandt Universitat Hamburg | 4 Zeuthen, 18.05.2010



electric field
from Synopsis
TCAD

- e o e e e e e e B e e e e e e R R O e e e e e e e e e e

particle tracking charge tranport
e/h pair generation > signal calculatio

(with delta-electron) (with trapping)

TCAD Sensor
Simulation

______________________________________

read out
—_— test beam

Jorn Schwandt Universitat Hamburg

n ' electronic analysis :
: simulation Z
test beam
data
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Example of pulse shape UH-'.g‘i

* Simulated signal: peak mode  Simulated signal: deconvolution mode
| Signal 38577 e/h x = 4.296894 um stripno 5 | _ total signal | Signal 38577 e/h x = 4.296894 um strip no 5 | I
S0.12 S [
S g 0.1
0.08
0.08
0.06
0.06
0.04
0.04
0.02 0.02
0 05
_I 11 1 | 11 | | | 11| | 11 1 | | -0_02__|'I'||lf'|'||I‘I'II[I"I'II[l'll[rl'll[l‘lllflll[l'l

0 50 100 150 200 250 300 350 _ 400 0 50 100 150 200 250 300 350 400
time [ns] time [ns]

5”_'1'1"1'1'I'I'I‘l'l'd
Signal starts at 50ns T _pmer 1| Signal starts at 150ns
I A A T N peak
/) - |()l |
SI gn al fr om on- Chlp 0 N KK;AA;;W.M-@«%M&me
teSt PUIse .10" ‘ 215 l 51() l 715 l l(l)l) l l;ﬁ 1 |.'l\U 1 ];5 1 2(1)() | 2;5 l
nanoseconds

Figure 14. Measured APV25 Pulse shapes.
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