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ELECTRICAL CHARACTERIZATION of DIA-ON-IR; DoI-
DETECTOR CHARACTERISTICS in 2010

INTRODUCTION

DESCRIPTION of THE MEASUREMENTS: T1 5 Q¢
TCT SIGNALS - Charge Transport; Internal Field; o;(t)
ALPHA SPECTROSCOPY - Crystal Structure; CCE; SE/E
SUMMARY and Preliminary Conclusions
CHARACTERIZATION - Next Steps
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TESTED DOI SAMPLES in 2010

MFDIA-886-1,d = 290pim  MFDIA-886-2, d = 320um
(July 2010) (July 2010)

FREESTANDING
A = (3.5 x 3.5) mm?
both sides polished

METALLIZATION

Ti/Pt/Au (50/50/100)nm
annealed (500 9C)
4Q-motif (growth-s.);
solid electrode (nucl.s.)

ground electrode
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TROBUETRIEN
BIREFRINGENCE IMAGES

MFDia-886-1, d = 290um, MFDia-886-2, d = 320um,

PC Dia-on-Si

Dia-on-Dia
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|
500 v

IV CHARACTERISTICS
CS-886-1, d = 290um

ground electrode
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SINGLE CARRIER DRIFT MODE; LOW IONIZATION

a) IDEAL CASE: CONSTANT E, and COMPLETE DRIFT
MAM o's, 5.5 MeV oo 5

DSO
6 GHz
20 6S/s

- DBAIT; inverting

+=0 b= *TR
a) DRIFT VELOCITY and MOBILITY:

= Vgo(Eplen = dp/t1r(Ep)
)Udr'(ED)e,h - Vdr(ED)e,h/ED

g SR ; :‘- Py il i emis S,
start stop t [ns]

2nd CARAT Workshop, DEC 2010 Exciting News from Diamond-on-Iridium Sensors



SINGLE CARRIER DRIFT MODE; LOW IONIZATION

b) PRESENCE of TRAP CENTRES and FIXED SPACE CHARGE
1AM a's, 5.5 MeV ooy E

DSO
6 GHz
20 6S/s

* DBA (50 Q, 2.3 GHz)

- DBAIT; inverting

varying d = 300um
'stops’ =4-5ns = b) ESTIMATION of LIMITS

LL < Vdr(ED)e,h; /Jdr'(ED)e,h; Teh <UL
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DUAL CARRIER DRIFT MODE; HIGH IONISATION

traversing ions

|\ | | DSO
—T —+ ‘lic... oY Er E 6 GHz

* DBA (50 Q, 2.3 GHz)
20 6S/s

dy=300pm—+ - YxeeRs T

DRIFT VELOCITIES and MOBILITIES
= 20 ns

—_—— = hon accessible
= shorter t
Ey=-01-2V/ s s
> pm I 775 = longer relaxation ’nmj
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SIGNAL PROCESSING
INDUCED CURRENT/COLLECTED CHARGE

E rtlt 9
I py=% Var(E) e (L= ot IR

0
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:_' oc bias v g, Lt [ = litud
Og c v, =u(E)-E,. e, N, edZ‘Nﬁ,‘ life—7, 1, =ampiitude
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BROADBAND CHARGE-SENSITIVE
\ \
Q. « BB-Signal Area: Q. « CS-Peak Amplitude:
I(t,E)=1I,-(1—e"'"c) J 1 (t,E)dt _ Q¢ (E)

Upeak (E) =

0<t<t, Cy Cr
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HP2 CC, Paris Sep 2010

Am-o. partlcles 1.4 AMeV first indication of
DBA (500, 2.36Hz)
_/ problems
characterizing Dia-
on-Ir signals |
DBA
modified for
—— SC, 392um, 0.9pF 1 3.4GHz
Dol, 12pum, 6pF
—— PC-DG, 350um, 7pF T
.~ PCAG, 158um, 16pF

0 1 2

3 4 5

DRIFT TIME [ns]
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- Am-a partlcles 1.4 AMeV effect of mod.
_ DBA and
< | 6GHz DSO
E 1
o I ]
2 ]
Lr) -
C -
L 0 =
o - effect of
- ] better DOI
E| n 4
s ‘17 -
<
Dol, 12pm, DBA, 3GHz DSO
Dol, 12um, mod. DBA, 6 GHz DSO
B Dol CS886-1, 290um, mod DBA, 6GHz DSO -
o

0 1 2 3
DRIFT TIME [ns]

4
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MFDIA886-2: TCT wi

mod. DBA; 6GHz DSO;
non-inverting

‘pumped’
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MFDIA886-2; Q1 'pumped' Positive Bias
320 480 640 800 Vv
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MFDIA886-2; Q2 'pumped’ Negative Bias
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TAKE TCT SIGNALS for SERIOUS and EXTRACT CHARGE
DRIFT PARAMETERS

Vit [MM/NS]

VERY-VERY PRELIMINARY I

S e
[ @ Q1-holes
400 F ® Q2-electrons
300
200 |
100 | ]
[ MFDIA886-2 |
[ double expon. fit DOI |
0 .........................
0.0 0.5 1.0 1.5 2.0 2.5
Eo[V/pm]
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drift velocity [um/ns]

100 |

80

M. Pomorski, PhD Thesis
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o holes
« electrons
__ME
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TAKE TCT SIGNALS for SERIOUS and EXTRACT CHARGE
DRIFT PARAMETERS

VERY-VERY PRELIMINARY I

[ - Q1 holes
[ -~ Q2 electrons
)
NE 1000 |
= :
O,
=
S
=
MFDIA886-2
DOI
100 PRI T A
0.001 0.01 1 10
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M. Pomorsk: PhD Thesis
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HP2 CC, Paris Sep 2010

N
o

TC signals, traversing ions 010

“°Ar ions, 200 AMeV-
dual-carrier drift
\ e, h - drift signals
—_—— mixing of discrete
i - l life/drift times
= . . / ?
i e, h - drift signals | !
] / NO !
I ] imperfections
Dol GSBER:Z, a20pm: o of the beam-test
""""""""""" setu
0 1 2 3 4 P

DRIFT TIME [ns]
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BEAM TESTwith 40Ar, 200AMeV; 6 MHZz/spill=4s

ORIGINAL TC SIGNALS RECORDED by REMOTE CONTROLLED
DSO, 6G6Hz BW, 206S/s

prs hMeasure  Math  Analysis  Ltilities  Help File ‘erical Timebase Trigger Display Cursors Measure Math  An Help
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s [N I
Measure Plrise20800C2) P2 falB0200C2) P3rwvickhrC2) P4 arealC2) PSampl(C2) PEi- - - PT--- P&--- Measwure P1rize2080(C2) P2 fal3020(C2) P3wvidn(C2) P4 arealC2) Paampl(C2) PE:- - - e Pa- - -
valug 96 ps 1.404 n= 1549 ns 46 572 pWs 26 BB MY value 1.243nz Taps 036 ps -31.749 pv's 3307 mv
mean = 8287 ps 1.08503 ns 111825 ns 47 50407 pis 39.8067 mv mean 109537 n= =280 ps 98287 ps  -35.30524 pWs 33.9988 mY
min =17 pz Bl ps 897 ps 12118 pvs 324mv min 85 ps = 26 ps 439 ps -55.599 pv's 354 mY
max =116 ps 15683 ns 2430 n= BB 529 pYs 8318 my Mz 1.442ns =27 ps 1.723nz -14.275 p¥s 70.40 mY
2oey <1067 ps 254 98 ps 18549 ps 9.07665 pv's 9.2932 M sy 244 79 pz =14.35 ps 12875 ps 82326 pvs 8.5739 my

LM 204 204 188 204 204 num 366 361 361 366 366
status 4 e A, i A A 2} ,ﬂ,

L4

-2.00 ns] [Trigger
3 ormal -

LeCroy W aiting far Trigger LeCroy 29.08.2010 15:05:30

Fast uniform rise time; good S/N ratio =» expecting good c; = &,/ (dV/dt)

FWHM ~ 1.3 ns =» RateC = 700 MHz/detector channel
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BEAM TESTWlTh 40Ar' 200AMeV; 6MHz/sp|II 4s

INTRINSIC TIME RESOLUTION of DoI SAMPLES
COMPARED TO sc- and pcCVDD detectors

COUNTS / 10°

HP2 CC, Paris Sep 2010

N

N
T

Dia-on-Ir;: modDBA

DG -PC; FEE1

“OAr. 200AMeV 2TAl 2AGeV |
0i=32ps Gi<25ps
scCVDD; LCBBA
®Li, 1.8AGeV
L c; < 32ps
E&
0.4 0.2 0.2 04

TIME DIFFERENCE [ns]
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o — SPECTROSCOPY using CSTAZ2 preamps (U. Bonnes, TUD)
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COUNTS

HP2 CC, Paris Sep 2010
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MFDia886-1_Q1 (2010)
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500 pre e —_—
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Ik m il
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COUNTS
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200 f
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[ Gauss fits on right spec part:

Q1: CCE = 96.0%
delE = 3.4%

r —— Q3:CCE =96.5%
delE = 3.5%
Q4: CCE =96.7%
OE/E = 3.4% “

' i l'
|!: ! . |

241Am |
< 6905 scCVDD 13B50+
: E,=1.5V/um
) D

1 L *1Am _‘
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Ve 2RCE COUIECHIEN B CRYSTIAL. K ONESENEN)
MFDia886-2_Q1,Q3 (2010) comp. to a thick scCVDD (390um)

“'Am, E_ = 5486 keV
10000 ¢
f —— (CS886-2_Q1@640pos
—— (CS886-2_Q3@640pos
—— SC EBS3@1V/um?pos
e peak SC EBS3
) 1000 ¢ o— peaks CS886-2-Q1,Q3
- F
Z
D L
@) 100 £ _
&) F
ﬁ”

|

10 M rMI by h‘"

B i '

3000 3500 4000 4500 5000 5500 6000
a-ENERGY [keV]
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MMA\RV AN{ )

QO Low dark conductivity; order of 10-13- 1012 A

2 ‘Narrow' TCT signals of fast rt <« 80 ps; 0.5< FWHM < 2.4 ns
corresponding to (preliminarily!l) very high v, values;
e-Vyrmax = 415 tm/ns and e-, . (1V/pm) ~ 3080 cm?/Vs (I)

a CCE_; ~90% - 97%

Q Intrinsic time resolution; o= 25 ps

QO Energy resolution; SE/E = 3 - 4%

. 1

CVD-DOTI is a DEFECTIVE SINGLE CRYSTAL DIAMOND MATERIAL
THE SHORT CHARGE DRIFT COMBINED WITH A HIGH CCE
IS PRESENTLY NOT WELL UNDERSTOOD!
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ACTERZATION) - NEXTRSTIERS

0 Systematic analysis of TCT signals: FWHM vs. E;
0 CCE(Ep) vs. T (Ep) to estimate mean 1.,

0 NEW MEASUREMENTS applying/removing shortly HV
(proposal Christoph Nebel)
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