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Introduction

Aim and main goal:

» Determination of pulse shape of individual pixels w ith XFEL type irradiation.
 Agreement of experimental reference data and simula  tions
Relevant XFEL-specification:  Photon fluxes of 10° - 10° y/pixel/pulse (12 keV)

Properties of the charge cloud are not well underst ~ ood for more deposited energy
than mips (~25000 e,h Pairs). Possible effects includ  e:

— Plasma effects: Distortion of pulses.

— Charge Cloud expansion: Charge sharing in neighboring pixels due to diffusi on

and electrostatic repulsion.

— Recombination losses: Signal loss due to electron-hole recombination (can most

probably be neglected).

A Multi-Channel TCT setup records pulse shapes and therefore allows to study these

effects in a structured device (strip or pixel dete ctor) -> experimental reference data
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Set-up and measurement techniques

TCT (Transient Current Technique) records the time-
resolved current of the device under test.

— Pulse shape

recent upgrade featuring the
following improvements:

«Smaller spotsize due to
improved optics

*Defined set-up allowing to
investigate structured
devices

sImproved electronics with
multi GHz bandwidth
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1st Configuration

Diode measurements
(standard TCT) 2.5m cable

'_IIIIIIIIIIl--__{::: HV Supply 2.5 F3F1Z
Oscilloscope

optional

B /T © O O OO
— —— [ Attenuator

U Bias-T
C=2.2nF
trigger line

Element Bandwidth Risetime Pulse shape IS

. electronically
Bias-T: 18 GHz 45 ps

smeared!
Attenuator: 4 GHz 85 ps
> 235 ps
Oscilloscope: 2.5 GHz 115 ps
170 ps . _

Amplifier* 1.8 GHz 180 ps ) (noataamp) ow ntonsty riscton
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2nd Configuration
L

upgraded set-up ~

(multi TCT) 5
m cable
Laser — Hm_ "
upply

structured device

(strip detector) © O O O
Attenuator 1
Attenuator

Attenuator
signal lines 2.5m each

to delay reflections

e
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Beam characterlstlcs

[ Minimum Spotsize vs. Iris Size |
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System calibration

Calibration: injecting a step function (V) over a
known capacitance (C) into the system

04

system to calibrate

voltage [V]

|
pmp-

008
00S |-

22 24 2

time [ns]

scope v

N instead of detector CxV = KJU0$ (t)/ Roscdt

so far the system is not calibrated

-> signal loss in cables and electronics is not accounted for

-> frequency dependent signal loss: 1dB/m@1GHz = 25 % loss in 2.5 m cable
-> first measurements indicate signal loss of 23 % (K=1.3)

-> very little effect on relative measurements

-> up to 30% increase in number of electron hole pairs and thus 12 keV photons
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Measurements on pad diodes

CG1233 FZ-n-Si 280 pm, Ngg= 8x10! cm3, Uy, = 48.5V, Cye, = 9.5 pF, p= 5.3 kQcm

660 nm light | Al mﬂiﬂﬂt EITUz ~0.5um Sﬁ%i
EB EIE i p=|= NN F~1um 2 !
i+ B ‘
280
Hm n - bulk 5mm
Al contact (eni
SIDE VIEW ~

Ground rop view ‘A

no to scale

no to scale

Injection of 1.6 — 12.8 x10° e,h pairs
-> 500 - 3800 absorbed 12 keV y (within 3 um attenuation length)
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Measurements on pad diodes

injection of 1.6 — 12.8 x10° e¢,h Pairs -> 500 — 3800 absorbed 12 keV y

absolute pulse _—2XUg, same integral
| Transient for 660 nm injection a{-100 V )| | Transient for 660 nm injection at -100 V |
10° — ™\ x10°
;‘ T T T T ‘ T T T T | T T T T e —— N‘e,hl= 1‘.61‘&4-0‘0 ; =‘1,9|u‘ I I T E B T T T | T T T T ‘ T T T T ; c'alcu'laﬁ'm T T I I I ]
— B — Neh=2.41e+00f,c =19 = B — Neh=1.1e+006,6=1.9m ]
T 10— OO — Ne,h=3.80e+00B,0 = 1.9 um H D 50 — Neh=2.41e+006,6=19 m
c — ——— Ne,h =5.05e+0§6,5 = 1.9 um H w r ————— Ne,h = 3.80e+006, o = 1.9 um M
o | Ne,h = 6.05¢+0D6, o = 1.9 um || IL 1— — Ne,h=5.05e+006,6=1.9um L
(73] Ne,h = 7.06e+Q06, 5 = 1.9 um 3 L ‘thk-,\ Ne,h = 6.05e+006, ¢ = 1.9 um L
H = Ne.h = 7.99e+006, = 1.9 um 1o B A Ne,h =7.06e+006,0 = 1.9 um ]
[S) 8— —— Ne,h=8.69e+(06,6 =19 um H o —— Neh = 7.993+oos,cf 1.9pum
- L ~— Neh=9.26e+0p6,5=1.9 um | o B — :0": ::-gzszggg-c: :-g pm M
— Neh=107e:0§7,0=1.9um N 0.8  Fpeiniec 1-9t2 I
~ ———— Ne,h=1.14e+0847, =19 um M = — e p— M
L Ne.h = 1190400\, o = 1.9ﬁ i E i O - ::: - 1:::::3%:; I t: 1
6 L ~— Ne,h=1.28e+007\c =19 1 L = L ~ Neh=1.28e+007,5=1.9m L
[}
B 1 ¢ 06— —
- 4.5 um FWHM - 1
4— 1 — ]
L i 04— ]
* ] e 500 3800 E
0 : I ‘ : I : : | I : I . J — 0 | | | | | | | | | ‘ | | | | | | | | | Il VI il lM‘I- \.‘.\ |
20 25 30 35 40 45 50 20 25 30 35 20 45 50

time [ns]

pulse distortion clearly visiblet™e Is]

CG1233 FZ-n-Si 280 um, Neg= 8x10% cm-3, U, = 48.5 V, Cqe, = 9.5 pF, p= 5.3 kQem
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Measurements on pad diodes

injection of 1.6 — 12.8 x10° e¢,h Pairs -> 500 — 3800 absorbed 12 keV y

absolute pulse _—10x Uy, same integral
| Transient for 660 nm injection a((-500 V )| | Transient for 660 nm injection at -500 V |
X1\0-\3\||\\\||\\|||\\\|||\\\|| — X10-3 — T T T T T T T T
;‘ P | | Ne,h = 1.61e+006,5 = 1.9 pm L g T | rrT ‘ P — calculation
— Ne,h = 2.41e+006,5 = 1.9 i - —— Ne,h=1.61e+006,6=1.9m H
[ L 3800 N:,h =3-3°:+005,6 =19 t: - L oin ———— Ne,h=2.41e+006,0= 1.9tm il
c 25— Ne,h = 5.05e+006, 5= 1.9 um L w | o ————— Ne,h =3.80e+006,0 = 1.9 um 1
k=2 B Ne,h = 6.05¢+006, ¢ = 1.9 m 1 =~ 2 — Neh=5.05¢+006,0=1.9m
/7] L Ne,h = 7.06e+006, = 1.9 um L (3} ~ Ne,h = 6.05e+006, 6 = 1.9 um H
- L Ne,h = 7.99¢+006, 5 = 1.9 pm 1T = - Ne,h = 7.06e+006, 0 = 1.9 um i
U L i Ne,h = 8.69e+006,c = 1.9 um L - L — Ne,h f 7.993+006,cf 1.9 um |
- L ‘ Ne,h = 9.26e+006, = 1.9 um il o B —— b0 IEE010m: ]
20 B Ne,h = 1.07e+007,6 = 1.9 um il N i
B /\ Ne,h = 1144007, = 1.9 um | = 15— - :“: = 1-2:":35;-": :-g [ M
- A\!' DL 2 I, GO DI - E B N::h - 1:1s:+ow:§; 19 tﬂ i
B \ Ne,h = 1.28e+007,6 = 1.9 pm = ~ — Ne,h=1.28e+007,6 = 1.9 um M
15— - - dl
[ — 1 [ . _ |
- . - suppression of plasma |
1 [ — [ . . . ]
o ] - effects in time domain by -
- ] 0.5 high bias voltage o
5— - L i
%7 ‘5|O|OI | = - e J ‘ I I I ‘ ‘ ‘ I I - 0 1 1 1 1 | | | | | “J | | | | ‘ w\, | | | Elv “ | ) | | Vl ) | | | -\w \_
0 25 30 3 40 43 30 20 25 30 35 40 45 50

time [ns] time [ns]

CG1233 FZ-n-Si 280 um, Neg= 8x10% cm-3, U, = 48.5 V, Cqe, = 9.5 pF, p= 5.3 kQem

HPAD Meeting 7.10.2008 Julian Becker Uni-Hamburg 10/24



UH
F weLunours Multi-ChanneI TCT Setup for Charge Cloud Studies it

| GEMEINSCHAFT [ 2% Universitdat Hamburg

Simulations from WIAS Berlin

More detailed information presented
24" by K. Gartner on Pixel 2008

+ B M 30

QRN
Dm 100Y
Dm_zaw

Simulations using numerical .
solutions to the van Roosbroeck

system of (partial) differential

transport equations on a Delaunay

grid (don‘t ask for details) 15 4

Major features:
sincludes diffusive transport

sincludes charge carrier
Interactions (repulsion,
recombination, etc)

Open points:

*s0 far using constant mobility
-> no electric field/density corrections

*so far no simulation of electronics

-> to be done with external circuit
simulation (SPICE) lines: measurement s10_1.8Meh_decanv 30, 50, 100, 200V

11/24

BOTTOM=30 . 200W, TOP=0¥, tau SRH=0.001s, 1 8M pairs,
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Measurements on Strip detectors
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L1 L'

CG1017 Strip detector
same Wafer as CG1233

FZ n-type Silicon

| Thickness 280 pm

Ugep ~ 50 V

N ~ 8x1011cm-3
p~ 5 kQcm

Pitch 80 um
Width 25 pm

(determined from microscope picture)
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Intensity sensitive measurements

Intensity scan with spotsize FWHM 5 pm and fixed injection position (center of strip)
injection of 660 nm light from backside (holes)

hole drift is slower than electron drift -> more time for expansion

%

readout
Front structure (strip)
g v0e } attenuation length 3 um (zone of injection)
ias
o hole
Backside e ¢lectron

660 nm light with
variable intensity
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Intensity dependence

[ Distribution of collected charge |

~ 100

Collected electron hole pairs [%

‘\f\

80

60

increasing Charge collected on 3 adjacent strips

— == voltage to ehit strip
S [ 1%Ue neighbour

*next neighbour

| Distribution of collected charge |

40

1\[1\\'\\

positive slope

) =16 -> increasing spread
— 0 L
i g 14
0;‘|H.\‘HmH\H‘\H‘\Hm105 % -
2 ¢ ® I?ljected l?ectron 1hzole pai:;1 E 1 2 :_
- 5 10/ ===
-, spread“ of charge is £ L | _ =
increasing with number 3 8 =
: s oltage .
of charge carriers £ o M S
(el.stat. repulsion) A M T
O - M E =
«Effect can be partially o ====
counteracted by of .
. - . — f)
increasing bias voltage - 4200 y
- — | | | | ‘ | | ‘ | | | | | | | | ‘ | | ‘ X10
due to the reduction of 2 4 6 8 10 12 14
carrier drift-time 600 Y Injected electron hole pairs
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Position sensitive measurements

Position scan with spotsize FWHM 5 pm
injection of 660 nm light from backside (holes)

hole drift is slower than electron drift -> more time for expansion

%

readout
Front structure (strip)
y 2 5.3 2 } attenuation length 3 um (zone of injection)
las
. o hole
Backside - e ¢lectron
nm
light
> X position
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|_Profile of collected charge

Charge cloud profile _,qq4 Y

-% 12>il196 ‘ e ‘ e | e | e ‘ P rr P ‘ e | r !‘ :I TT | TTTT TTTT T TTT TTTT TTTT TTTT | TTTT |I T TT | T II:
E 7 ‘L‘“‘ii\‘ 150 V 48 :— —:
[ 4 \ - 3
2 107 200V 46; .
8 — 250V “e E
2 8 — 300V YEOON . E
S L — = E
5 I 350V “Esigrificant reduction b
A —— 400V B, : : | 3
: 450V s Increasing bias voltage! :
34 — 500V 4L E
S L ] 32F —
) C -
2 - 30F E
0:"“““"'|"'|““""’ L :‘ 28;_|||||||||||||||||||||||||||||||||||||||||||||||_;
0 20 40 60 80 100 120 140 160 180 200 100 150 200 250 300 350 400 450 500
position of injection [um] bias voltage [V]
Fitting done with assumption of gaussian X3 (y - 1)?
or distribut C(x)=c,+N, [ exp(—X=ELd
charge carrier distribution and box o+ No P 552 y
integration along strip pitch X2
C(x) collected charge p strip pitch
OeXpeCted Sigma fOI’ pure difoSion in the X position of injection U position of strip center
range Of 5 I.lm C, contribution of noise o spread of charge carrier distribution

N, total number of injected carriers
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Position sensitive transients
~4000 v

[ Transient at 16 um | [ Transient at 96 um |
x1073 x1073
E T ‘ T T ‘ \A\ T ‘ LI T T L L ‘ T T ‘ L IJ E :I ‘ T T ‘ T ‘ LI T T
TSU,M; LA : g25- 150 V
712 200V neighbor &, |4 200V
o r — 250V e r 250V
10/ c
C — 300V . 1.5— — 300V
L hit st ey bipolar : oy
central nit s 1=
& —— 400V pu|se : —— 400V
- 450 V 0.5 450 v
s — 500V non-zero : s 500V
1 o integral .. ]
ol S B R W _1: ]
20 5 55 60 5 55 60
time [ns] time [ns]
| Transient at 56 um | | Transient at 176 um |
x103 x103
S I\\\I\\\I\\\I\\\I\\\I\\\I‘\\\I‘\\\Iﬂ Sosl‘\\\l‘\\\l‘\\\l\\\I\\\I\\\I‘\\\I‘\\\:‘
g 8 150 V next g : 150 V
between @ 7 200V 306 200
@ . o
: S 6 —— 250V neighbor & r —— 250V
strips s — 300V “b — 300V
— 350V bi 020 — 350V
) - ipolar : -
reduced oy plse 0 o
] 3 u u
Slgnal R —— 500V P oah —— 500V
] Zero - ]
1 \ - . L i
N .0.4— ]
) . integral o4r ]
1 L1l L1l ‘ L1l ‘ - ‘ - ‘ Ll ‘ | ‘ | ‘ L1l ‘ L1l ‘ L1l ‘ -
50 55 60 20 25 30 35 40 45 50 55 60
time [ns] time [ns]
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| Profile of collected charge

Charge cloud profile _c, v

T
:E 1_6:— B jl FT 1T 171 T T 1T T T 1 T T 1 T T 1 T
e L 150 V a5 7]
51_2; — 250V 40 7]
S s — 300V - l
§ 3%V * significant reduction from
0.8 — 400V B R
Eo.ﬁi 450 V 30 42-2 O 35'20, but Stl” -
° [ S - . . i
$ 0 A - more thar pure diffusion!
3T : 251 -
0.2 - - N
;,‘ ”'*ff S st mmm 20 g
00 50 100 150 200 250 300 : 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 S
position of injection [um] ) 100 200 300 400 500
bias voltage [V]
Fitting done with assumption of gaussian X3 (y - 1)?
charge carrier distribution and box C(X) =G+ N, _[ eXp(_—Zaz )dy
integration along strip pitch X2
C(x) collected charge p strip pitch
°eXpeCted Sigma for pure diffusion in the X position of injection I position of strip center
range Of 5 l-'lm C, contribution of noise o spread of charge carrier distribution

N, total number of injected carriers
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Position sensitive transients
~500 vy

[ Transient at 120 um | [ Transient at 200 um |
X0 X100
g 55\ [ I [ I 4‘ g [ [ I
E | 150 V ] 041 Wy 150 V
@ 4 200V nelghbor @ | 200 V
o I — 250V 0.2~ —— 250V
- — 300V . . — 300V
TR bipolar R "
central hit | — 350V P o W— as0v
C —— 400V pu|se - —— 400V
2 450 V 0.2~ 450 v
— 500V non-zero - ~ seov
1 ] . -0.4— —
i ] integral i ]
Ope i s rar e e A S T P P T N
20 40 45 50 55 60 20 25 30 35 40 45 50 55 60
time [ns] time [ns]
Transient at 160 um | Transient at 280 um |
3 -3
§2f1‘0\\\|‘\\\l‘\\\l T T 1T T T \\\l‘\\\l‘\\\j go.zﬂ‘o“‘ll““l““l T T 1T T T 1T \\\l‘\\\l‘\\\l_‘l
(] * (]
E ooV next 5ol oo
between @, . 201 200V
i 2T nEIthor e —— 250V
strips i ol P — 300 v
L : — 350V
reduced blplolar )
. i uise
Slgnal 05 P 02 —— 500V
i Zero ]
07‘ ’ R Ll Integral 03 -
I‘\\\I\\\I\\\I\\\I\\\I\\\I‘\\\I‘\\\I I‘\\\I‘\\\I‘\\\I‘\\\I‘\\\I‘\\\I‘\\\I‘\\\I
20 25 30 35 40 45 50 55 60 20 25 30 35 40 45 50 55 60
time [ns] time [ns]
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Effects at different intensities

_ | sigma of charge cloud |
Pulse length of transient _ —— 500 12 keV y
40 . I . T . T . i . : . | . 'E' 50{ T T | T T 7 ‘ T 17T | T T 11
38 1 = .
] 1 54 incomplete — 4000 12 keV
36 o evy
34 - — 500 Y |3 g B cquisition
32 1 27k ) )
h — . — h - — diffusion only
30 ° @ I
o 4000 vy L _
D 26 - = —
E 2] calc |1 5% :
S22 - . 25— —
& 20 ] - E
0 18 3 3 20— =
S 16 . - =
Q44 ] 15 =
12 ] - =
10{\ ] 10 I
8 _ = g
6 - ] 5: -
4 ] T T T T T T T T T T T T T % I | I ‘ L1 11 | I | ‘ I | ‘ I ‘ I ‘ L1 1 \ji
150 200 250 300 350 400 450 500 900 150 200 250 300 350 400 450 500

bias voltage [V] bias voltage [V]
diffusion spread Eavg =U,/d

S i g n ifi Cant i n C re ase i n igglﬂgltse% lﬁ;?]tgh Vdrift,avg = luavg (Eavg) X Eavg

pulse length and charge &pmidmosisy tan =4/ Voo
an : msteln' . D — avg(Ean)kFT

spread already for 500 y e eransen ="

og=0 +y2Dt =0, +

d =
/ q
U bias
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Sensor thickness

average drift path

Effects of sensor thickness? d[um] n.e. [um]f.e. [um] eff [%]

higher thickness -> longer drift path

higher thickness -> higher depletion voltage

300 115 185 75
400 140 260 84

-> |ower electric field 500 160 340 90

E(X) =2 (Upps —(L-2Z)W,,) |60 175 425 o

_ g Ngd?

dep

U

264E,

For Pad-Diodes only! (1D)
X position in diode
d thickness

N, effective doping

HPAD Meeting 7.10.2008

/700 190 510 96

n.e. = near electrode

. NV(X) f.e. = far electrode
_»06 eff = percentage of photons collected
—lp absorption length of 12 keV y = 215 pm
> 280 pm drift investigated
12 keVy |
low field ™ readout
n.e. ol drftjpath = T—— high field
0 100 200 300 400 500 600 O f e .
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Effects in 200 um pixels

estimation of total central hit (50um/50um) hit 4000 y

collected charge
sigma = 30 pm 99:8%)| |0.04% 90.7%)| |4.55%
~ 500 V = 10x Uy, (280pm)
=~ 750 V = 5x Uge,, (500pm) 010000296 0.22%
~ 1500 V = 5x Uy, (700um)
sigma = 50 pum

91°1%| |2.17% 70.6%)| (13.3%
~100 V = 2x Uy, (280um) ¢
~150 V = Uy, (500pm)
0

~300 V = Uy, (700pm) 0.05% R

1009 "4 P (X=X%,)>+(y—V,)*
C. . = exp(— 97 )dxd
e 277U i Iit bot"‘[‘om p( 20-2 ) y
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Conclusions
Charge explosion is a time dependent process

Most critical parameter: o~At
drift time of charge carriers

Parameters influencing the charge carrier drift time:

Position of charge carrier in detector: I ~ d
The longer the way to the collecting electrode the more the cloud will expand

Electric Field:
The higher the electric field at a given position the faster the carrier will drift (but
saturation velocity!)

| . g~
Charge carrier mobility: bias

drift velocity = mobility x field (but saturation velocity!)

Increase bias voltage to counteract expansion!
But be aware of electric breakdown!
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Next steps

 further investigations on spreading with different
Intensities

 further investigations on recombination effects
 calibration of the system

« further measurements in cooperation with WIAS
 further comparison to simulations of WIAS

 measurements with 1052 nm laser (more mip like
-> flat e,h distribution in detector)

e measurement campaign on prototype detectors

« studies of irradiated prototypes (Doris running
again)
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Backup
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Key features of the setup

 Red and IR lasers with short pulses (~100 ps)*

* range of injection from 0.5 — 20 x 10° e,h pairs (red laser)
Z 150 — 6000 12 keV-y (absorbed)

e minimum spotsize of ~5 um (FWHM, red laser)
e position steps with 0.1 um repeatability

« mounts for (standard) 10x10 mm? and 5x5 mm? diodes
(frontside injection only)

Available on upgraded set-up:

e space for device of 13x26 mm?

e 4 readout channels (expandable), 32 channels total
» backside injection (hole signal with 660 nm laser)

» temperature control (30T to -10C)

* Red laser A=660nm => 3um absorption length
IR laser  A=1052nm => 900um absorption length

IR beam properties not established yet
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Timing structure of 660 nm laser

provided by manufacturer

optical power (mW)

o i
i e i e i i T

7 L

e e ’:p§2'%h2ift relative toitriggeri s Lt el e R
minimum intensity: "™ " aximum Intensity: tme ns)
=~ 1.6 Meh -> 500 12 keV y = 12.8 Meh -> 4000 12 keV vy
= 70 ps pulse width = 800 ps pulse width
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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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Fitting parameters 4000 y
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;Transient little plasma effects
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relative number of collected charge carries [%]

Recombination losses ?

. measured at 500V
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Recombination losses ?
[amplitude | ~4000 y
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Recombination losses ?
[amplitude | - ~500 y
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Example of a recorded waveform

Transient for 660 nm injection at -100 V
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Measurements on pad diodes

 medium (2x106 e,h => 600 absorbed 12 keV y) and
high (3x107 e,h => 9000 absorbed 12 keV vy) electron injection with
660nm laser

* Pulse distortion clearly visible

‘ Transient for 660 nm injection at -100 V ‘ ‘ Transient for 660 nm injection at-100 v ‘
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CG1233 FZ-n-Si 280 um, Neg= 8x10% cm-3, U, = 48.5 V, Cqe, = 9.5 pF, p= 5.3 kQem
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Measurements on pad diodes

 medium (2x10° e,h => 600 absorbed 12 keV y) and
high (3x107 e,h => 9000 absorbed 12 keV v) electron Injection with
660nm laser

* Pulse distortion clearly visible

| Transient for 660 nm injection at -200 V|

| Transient for 660 nm injection at -200 V|
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optical power (mW)

Laser system (IR)
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= 44 pJ/pulse = 275 pJd/pulse
= 70 ps pulse width = 700 ps pulse width
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4. Data from neon ion beam at GSI

Goal: Experimental verification of charge collection in silicon at large charge carrier densities: Can use
heavy ions instead of high intensity ys: Large dE/dx due to Z2-dependence in Bethe-Bloch Formula.
Ongoing analysis of data from test beam at 6SI by UHH students.

Some preliminary results (for Neon: Z=10):

S-side:
r/o pitch 110 pm
| clusterchargedistribution (S-side) | | chsterchersex [ distribution of clusterwidths (S-side) | [n_clsterwiatnx P ——
Entries 29974 Entries 29974 E_nm“ 879594
#1200 2::5" 1822 8 Mean 8.964 M o
B 292.1 r — F ean
| c L RMS 1.4 300__ - Mean 1
i Cluster & [ cluster - cluster e oo
1000} 30000¢ 700
: charae ro. F RMSy 1683
_ g 8 [ width - form Imm ]
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800 OO0 9 strips~1mm -
L 500 ]
i ; * . ]
400~ 4000 3005_ E
! 200F 3
200 = - :
i 2000 100E - . E
& C - ]
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clustercharge [ADC] clusterwidth [channels] ) ) ) channel relative to seed
Next steps:

+  Understand proton-signal (also present).
*  Analysis of data taken with other ions to investigate Z-dependence:
B (Z=5), C (Z=6), Mg (Z=12), P (Z=15) and Ar (Z=18).
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