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A multi channel TCT setup for

Investigations of silicon sensor

properties during high intensity
charge injection

J. Becker, D. Eckstein, R. Klanner, G. Steinbriick
University of Hamburg
Detector laboratory
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X-Ray Free Electron Laser (XFEL)

17.5 GeV linear electron accelerator

101 cavities along 1.6 kilometers acceleration length
producing 0.1 nm light (12.4 keV) through FEL process
unprecedented peak brilliance

Electron source
and accelerator

. Magnetic structure

Electron trap

J Light beam

Experiment
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Introduction — AGIPD
100 ms loms Challenges for the w%ﬁlpﬁ“’

e up to 30’000 bunches per second
0.6 ms -> readout M
99.4 ms L .
‘“lmmmum H““HHNH‘  very high intensities

A
Y
A

(up to 10%2y/bunch -> 10° y/pixel)
-> integrated dose, dynamic range

 instantaneous charge deposition
-> charge explosion

 very high repetition rates (up to 5 MHz)

-> very fast internal pixel storage
° i 0 _ 5 ;
FEL large dynamics (10° - 10~ y/pixel)
process

(pulse pattern and pulse to pulse)
12 keV X-ray photons -> dynamic range switching

' <100 fs
The multi channel Transient Current Technique (TCT) setup

presented here allows studies of the charge explosion in a
controlled laboratory environment

DPG Meeting 9.3.2009 Julian Becker U ni-Hamburg 3/11



UH
Multi-Channel TCT Setup for Charge Cloud Studies i

[ 2% Universitdat Hamburg

Setup available for measurements

Main goal:
» Determination of the pulse shape of individual pixe Is with XFEL type irradiation
« Agreement of experimental reference data with simul  ations (WIAS-Berlin)

Key features:

 laser pulses
~ 100ps duration
~ 105 12 keV y equivalent
~ < 3um spot size
~ 100um focus depth

e 660nm, 1015nm,
1052nm wavelength

 high bandwidth
electronics

e 0.1 pum position control

» 32 channels
(4 simultaneously)

« temperature control
(-35C to 50C)

 front and backside
injection possible

Challenges:

Properties of the injected
charge cloud are not well
understood for more
deposited energy than
mips (~25'000 e,h pairs).
Observed effects include:
— Plasma effects:
Distortion of pulses

— Charge Cloud
expansion: Charge
sharing in neighboring
pixels due to diffusion
and electrostatic
repulsion
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L aser beam characteristics

660 nm laser, derivative of photocurrent [uAfum], 15mm iris, N h=14.8x1 o° 660 nm laser, spotsize vs. z position, 15mm iris, N_, =14.8x10°
&, e
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930 140 150 160 170 180 190 200  75mm focal length
position [um]

Beam profile colored lines -> measurement
black lines  -> gaussian fit
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Measurements on pad diodes

FZ-n-Si 280 um, Ngg= 7.6x10* cm3, Uy, = 45V, Cye, = 12 pF, p= 5.5 kQcm

660 nm Iight‘ Al contact  8i(0y ~0.5um 51‘%21
Kl P 0]}~ 0.5Hm & 5
FrmET e
280
Hm n - bulk 5mm
d tact {eri
SIDE vigwy ot (end) Y]
TOP VIEW
not to scale
not to scale

« frontside injection of 660nm light (3 um absorption length ~ 1 keV )
» only electrons drift through diode
» backside bias
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Measurements on pad diodes

frontside injection 0.116 — 16.5 x10° e,h Pairs, scaled to same integral

N /7 \
| Transient for 660 nm injection § 100V ) 2.2X Udep | Transient for 660 nm injection @t 500 v ) 11.1X Udep
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pulse distortion clearly visible pulse distortion mostly suppressed

FZ-n-Si 280 um, Neg= 7.6x10 cm3, Uge, = 45 V, Cyq, = 12 pF, p= 5.5 kQem
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Measurements on Strip detectors

position scan with spotsize sigma ~2 um
injection of 660 nm light from backside (holes)

pn junction on front side (low field at injection side)

readout

Front structure (strip)

® O
® O

} attenuation length 3 um
| (zone of injection)

backside ° hole

bias 660 nm light ® electron

fixed intensity

> X position

Julian Becker U ni-Hamburg
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Strip detector

same wafer as pad diode
FZ n-type Silicon
Thickness 280 pm

Ugep ~ 63V

Ny ~ 1x102cm-3

p ~ 3.9 kKQcm

Pitch 80 um

Width 20 pm

8/11




UH
Multi-Channel TCT Setup for Charge Cloud Studies i

[ 2% Universitdat Hamburg

Position sensitive transients

Transient at 156 ym central hit on readout Strip  [Transientatzeum |  Neighbor strip
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9-1x10° & pairs Charge CIOUd pr0f||608x106ehpa|rs

| Profile of collected charge

-> 32’760 1 keV vy
|_Profile of collected chargu
e —100V
— 200V
8
—300V
6 400 V

500 V

f Y

> 2'880 1 keV y

collected charge [electrons or holes]
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| | | 1 ‘ | 1 | | | | | | | ‘ 1 1 1 | [ Reemrope ’-+‘
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4
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o

Fitting done with assumption of gaussian charge carrier

distribution and box integration along strip pitch
p

X "
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s - —100V
208 —200V
£06 —300V
g 400 V
04—

L 500 V
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position of injection [um)]

Uty
)

C(X) = ¢, +—F— j exp(- Y= )y
J

C(x) collected charge p strip pitch
X position of injection 1 position of strip center
C, contribution of noise o spread of charge carrier distribution

N, total number of injected carriers
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sigma of gaussian charge cloud distribution

Summary

calibrated multi channel
TCT setup available for
measurements

Plasma effects observed at
high intensities

Charge spread measured
with 660nm light at strip
detector (280um/80um)

Outlook

a
(=)

charge spread [um]
1N
[=}

20

10

—+—— 9.1 x 10° e,h pairs -> 32760 1 keV y
—=— 2.2 x 10° ¢,h pairs -> 7920 1 keV v
——— 0.8 x 10° e,h pairs -> 2880 1 keV v

——— 0.10 x 10° e,h pairs -> 360 1 keV v

theory: diffusion only

/

Q00 150 200 250 300

detailed comparisons to simulations (WIAS-Berlin)

iInvestigations with 1015 nm laser

(absorption length ~250 um ~12 keV photons)

» parameterization of charge
e,h density, electric field, etc

spread as function of
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350 400 450 500
bias voltage [V]
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Backup
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Position sensitive transients

central hit on
readout strip

| Transient at 156 um |

L e B B I

neighbor strip

| Transient at 76 um |
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System calibration

Injection of a step function (V) over a known capacitance (C) into the system instead of
detector. When no charge is lost: — Is valid
ector. When no charge s 05t € x\/ = [U oo (t)/ R

1,04
0,8+ Ql nJ Q 044
E 6 — 0,34
%06 L (% I |Dmp, | i
§0,4- V C %0,2-
0 Scopea%
0,0 - . 0,0
system to calibrate
! T ' Y y . 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
’ ’ e “ * instead of detector time [ns]
| Calibration factor K vs. time of step | \ Transie?tfor calibration |
10°
!1_06 T 1 7 T ‘ T T T T ‘ L ‘ T T T 7 ‘ T 1 7 T T T T 7 T T E 12i<\ T T T
. +  Measurement :*
7] = B B L
S1.04— | . . L,L) 10—
- ] yields: For
i . 8
1.02? 7 L
" ] Q 6
o AL K= /2 *
oso— | \/ |/ \/ w E Inj :
i ] 2r
: =0984
0.9407““5‘ ‘1‘0‘ “1‘5‘|“2‘0“‘ T 3;"“4‘0““5‘0““6‘0‘“‘7‘0““8‘0.“"90
time [ns]

Nominal Step Time [ns]
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Some words on electronics

Element Bandwidth
Attenuator: DC -4 GHz
Oscilloscope: DC - 2.5 GHz
Amplifier*: 10 kHz -1.0 GHz
2.5 m Cable ?
Stray L's, C’s, R’s ?
R_damp L_subst E-HJF R_bmdl
s 10 BnH T 0m
Tk 12pF
% 2| actual
N
: detector
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Pulse shape is
electronically
smeared!

=> SPICE Model

EEE% v

* only necessary with
low intensity injection
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Comparison to simple Sim. (HH)

frontside (electron) injection

| Comparison of Waveforms at 80V_ | |__Comparison of Waveforms at 150V _ | | Comparison of Waveforms at 500V |

L B B R B

TCT-Signal [V]
TCT-Signal [V]

e 3 7
TCT-Signal [V]

‘I\I‘l\\‘\l\l\l\‘l\l‘l\

— | 04
02— —] -
oA — — 02—
= as_ . B r
= !: - r D e
0 — g
= B 0

E Eo b e oy
20 25 30 35 40 20 25 30 35 40 L Il 1 L 1 L L 1 L Il 1 L 1 L L 1
time [ns] time [ns] 20 2 30 35 time [n;io

Laser timing structure taken into account
exponential injection decrease taken into account
non focused laser beam

no carrier interactions taken into account

no diffusion taken into account
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Comparison to simple Sim. (HH)

backside (hole) injection

| Comparison of Waveforms at 80V |

| Comparison of Waveforms at 150V | | Comparison of Waveforms at 500V |

TCT-Signal [V]

ol b Lo Lans

L

“H“‘I“l“l“”““lj
asurement da

TCT-Signal [V]

TCT-Signal [V]

\\\\]\\\\Jll\\\ll\\\‘

20\.\

\25\ L

\30\ .

[ A rC i =
40 4 %0 B [ns‘;o 20 25 30 35 40 20 25 30 35 40
time [ns] time [ns]

Laser timing structure taken into account

exponential injection decrease taken into account

non focused laser beam

no carrier interactions taken into account

no diffusion taken into account
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Mobllity in simple Sim. (HH)

[ a=072(2-

* ™

1= Ho
(L+ (45)7)?

> Jacoboni

~/

* _ /j _ﬂ .
ILIO - Ilein + 0 Neﬁmlz Selberherr <
1+<))

for holes p,* was multiplied by 1.075 to
produce transients of the right time

)0 .065
300K

C.o . =1.12x107 (I
o —223><1017( )2

300K
Ho, =14309 (T )*°
/uo,h = 460&(—) e

00K
Hrine = =380 C\Ts (W
Hoinn = =45 C\Ts (W) e

) —-0.45

Ve o =1.45x107 /tanh(22X )

electric field was assumed linear and \ Ve p = 9,05x106\/tanh S8

independent of charge carriers

Jacoboni {
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B, = 2.57x1072(L)**

B, = 0.46(L )"
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Timing structure of 660 nm laser

660 nm linear

600,00 mW

500,00 mW +

400,00 mW

300,00 mW -

200,00 mW ~

100,00 mW ~

0,00 mW

)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
T

—1151 mW

—5,62 mW

—2,50 mW
1,77 mW

provided by manufacturer

1 1112 13 14 15 16 1,7 1,8 19 2 21 22 23 24 24

T

T

T

T

T

time [ns]
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opt. power

660 nm log

1000,00 mw

100,00 mW +

10,00 mW ~

1,00 mw +

0,10 mW +

—1151 mw

—5,62 mW

— 2,50 mwW
1,77 mW

0,01 mw

time [ns]
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M-TCT ceramics

R R \\ »
f t f W  13x26 mm? space for d.u.t
/ \\ 32 Pads -> individual channels
j ’| ‘ ? | |
5/2x 16 landing zones for wire bonds
*

separate pads for ground contact

separate pads for HV contact

90°rotation symmetry
-

‘ flip symmetry (vias at pads) and

/ central hole for backside injection
=4 .
/% .
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;Transient little plasma effects
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