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Diamond particle detectors

typical use of diamond as a particle detector:
timing (fast rise time)
rate (short signals)

major advantages:
low leakage current
operating temperature range
radiation hardness

com merC|a| Iy ava| Iable materlals W. Koenig, J. Pietraszko, HADES Collaboration
single crystal or polycrystalline materials

charge collection efficiency of PCDia is significantly lower than
SCDia, but SCDia are available only in small sizes

especially for minimum-ionizing particles large area & high CCE

4th ADAMAS Workshop: TCT characterization of new generation of Dol samples



o , iI= 5= 1L
Heteroepitaxially grown diamonds

R&D project with University of Augsburg
heteroepitaxially films grown on Ir (diamond-on-iridium)

buffer layer of yttrium-stabilized zirconium oxide on Si
wafer is used to stabilize iridium terminated substrate

diamonds prepared for characterization at GSI

S. Gsell et al., Appl. Phys. Lett. 84, 4541 (2004)
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o I=5= 1
Dol characterization

transition current technique, alpha-emitter, 5.5 MeV

using alpha source to induce charge in a shallow layer
close to surface, carrier drift is depending on biasing

electrodes: Al, Cr/Au, Ti/Pt/Au
diamond broad-band amplifier BW=2.3 GHz, G~40dB

| growth E DSO
a | —> DBA —_— 6 GHz
RTINS 20 G/s
| +/- HV

| I |

' substrate i
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I=5= 1
V-l measurement

Log file % DaTraegen D OLALG 3AMFADIZ4_300um_metallized_al_afterPumping_Q4(ch1)_Q2[ch2)_Q1Q3-GND_inle Qbox_Hw-to-substr_dark =

IT-TIME GARBAGE

1.00E-12 -
9,00E-13 -
&.00E-13 -
T.O0E-13 -
6,00E-13 -
S.O0E-13 -

4.00E-13 -

MFAIX334
5mmx5mm
d =300 um

3.00E-13
2.00E-13 -
L00E-13

0.00E+0-

Dark Current [A]

-1.00E-13-
-2.00E-13-
-3.00E-13-
-4.00E-13-
-5,00E-13 -F7
-6,00E-13-
-F.00E-13-
-5,00E-13 58

-3.00E-13 = 1 | 1 1 I 1 1 | 1
-1000.0 -go0.a -600.0 -400.0 -200.0 IN1] 200.0 400.0 £00.0 &00.0
Bias Yoltage [¥]

[
1000.0
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Waveform acquisition

File “erical Timeh ¥ ] Hl| ¢=Aulg Uilities  Help

Foom

F2
Fi
Fh
L B j f 'I i lll f

.'..-Il'ﬂ,l';".".' b '1'!' |I‘] el

Pt A
2 - o

A F Y F Y F Y

Measure P1:rise20800C1)  PZ2:fallB0200C1) P3wwicthiiC1) Pd:arealC1) ParampliC1) PE:- - - PF--- Pg:- - -
value 244 ps 243 p= 1.015ns 32239 pWs 3371 myY
mean = 25210 ps 304 .50 p= 1.05096 ns 3079113 pvs 18057 mv
min =37 ps 168 ps 4585 ps 8694 pva 12.0 mYy
max =783 ps 2653 ns 3754 ns 33785 pWs JTramy
soey = 4906 ps 236 .67 p= 253.85 ps 4053221 pW's 55.057 mY'
MU 1.092e+3 1.096e+3 1.092e+3 1.096e+3 1.096e+3

LeCroy ZISIZ015 11:47:13 AM
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Initial TCT waveforms (MFAIX334)

hole drift

180 —— 0.03V/um
160.] | ~170pVs (8B+100:~306pvs) | —— 0.1V/um
] ‘ —— 0.2V/um
140 + —— 0.4V/um
1 — 0.6V/um
120 -
] ——0.8V/um
100 1.0V/um
> 8o 1.25V/um
£ ] ——— 1.5V/um
607 — 2.0V/um
40 - — 2.5V/um
1 —— 3.0V/um
20 4
0 -
-20 T T T T T T
2 0 2 4 6 8
time [ns]
hole drift substrate side
o] o
,25;
1 — 0.1V/um
-50 — 0.3V/um
1 — 0.4V/um
s 75 0.5V/um
E 1 ——— 1.0V/um
-100 — 1.5V/um
1 — 2.0V/um
1254 —— 3.0V/um
.150_- | ~120pVs  (8B+100:~325pVs)
-175 | - - r . . .
-2 0 2 4 6 8
time [ns]

[mV]

-10 _
-20 _
304
-40 _
-50 _-

-60

electron drift

—0.2V/um
0.3V/um
— 1.0V/um
2.0V/um
— 3.0V/um

\I ~87pVs (8B+100: ~326pVs)
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time [ns]
20"I""I""I""l""l""
— [@ e scCVDD |
< | A dp = 400pm |
= B Ep [V/um] ]
L hole drift
e .
4 0.1
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O I -0.1
] I
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£ 10 ;
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- i -18 electron drift |
0 b
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DRIFT TIME [ns]

from PhD Thesis
of M. Pomorski



TCT waveforms after Sr-90 pumping

[mV]

[mV]

_25_‘
_50_-
_75_-
-100—-
-125-
-150-

-175 4

hole drift from substrate side
after Sr-90 pumping for 101min @ 0V

— 1.0V/um
2.0V/ium
—2.5V/lum

—— 0.0V/um (memory)

(8B+100: ~340pVs)

~15pVs

2004
180
160
1404
120
1004

80

60
40
20
0_-

-2 0 2 4 6

time [ns]

hole drift from growth side at +600V (2V/um)

after Sr-90 pumping at 0V

for...
~92pVs
| (8B+100: ~360pVs)
|

— 5min

+16min
+20min
+60min

time [ns]

[mV]

[mV]

electron drift after Sr-90 pumping for 101min @ 0V

10 4
1 N A
OMMMQ A e e
1 | VY
~104 i |
1 — 2.0V/um
20 4 2.5V/um
1 ~ — 0.0V/um (memory)
-30 e
| l"V </ ~92pVs  (8B+100: ~340pVs)
|
!
| no electron drift signals below 2V/um
-50 1 hold drift from substrate measured up to this E-field
-60 4
T T T T T T T T T T
-2 0 2 4 6 8
time [ns]
50 4 electron drift from substrate side at +600V (2V/um)
after Sr-90 pumping at 0V
for...
40

— Bmin
+16min
—— +20min
+60min (3V/um)

(8B+100: ~360pVs)

time [ns]
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| =5 I
TCT waveforms after prolonged a-pumping

10 5 AlIX334(Q4) Am-241(coll.) vacuum TCT signals
after ~24h Sr-90 pumping at 0V,
2 days alpha pumping (5kBq) at +300V
40 and 1 night alpha pumping (5kBq) at -300V in vacuum
strange waveform could be contact problem!
~245p\/s (8B+100: ~380pVs)
- —— 1.0Vium 30- P
-20 ~188pVs 1.5V/um 1.0V/um
= [ 2.0V/um 1.5V/um
= -30 - (8B+100: ~375pVs) 2 5\V/um S' 20 4 — 2.0V/um
= | E 2.5V/um
——— 3.0V/um
<0 —— 3.5V/um
AIX334(Q4) Am-241(coll.) vacuum TCT signals 10  40V/um
-50 after ~24h Sr-90 pumping at 0V,
| 2 days alpha pumping (5kBq) at +300V
60 and 1 night alpha pumping (5kBq) at -300V in vacuum 01
T T T T T T T T 1 T T T T T T T T T T T T 1
-10 0 10 20 30 -10 0 10 20 30 40 50
time [ns] time [ns]

significant signal in efficiency after alpha-pumping for
both electrons and holes

under study
possible contact problem
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After a-pumping another contact

after prolonged alpha pumping signals are indicating
very small amount of active defects

AlX334(Q3) Am-241(coll.) vacuum TCT signals
after ~24h Sr-90 pumping at OV

200__ and 2 days alpha pumping (5kBq) at +300V in vacuum
180 l\
1 ~315pVs (8B+100: ~380pVs) ——0.1V/um
160 7 P ——0.2V/um
] —— 0.4V/um
140 ——0.5V/um
] —0.67V/um
120 . ——0.83V/um
— 1004 ——1.0V/um
2 1 —— 1.5V/um
.E. 80 + —2.0V/um
. — 2.5V/um
60 - ——3.0V/um
40 i - - - 0.0V/um (memory)
20
04
-20 . , : : :
2 0 2 4 6 8
time [ns]
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relative counts

| o I=T= 1L
Charge collection efficiency

charge-sensitive preamplifier (CSTAZ2) + Ortec 672
spectroscopy amplifier + Silena 4418V peak-sensing ADC

CCE(preliminary): ~90% for holes and ~76% electrons

energy spectrum of mixed alpha source particles

measured with DOl MFAIX334 (300um) at HV=+1350V o — DO MFAIX334 mixed alpha source
140 - Voasil GasAng | oo " 100 — Gleichung ) ) (Pu-239,Am-241,Cm-244) on growth side
‘-ﬂ:‘mg v:-,u-.\»:;p;:w- FEYWP2) ?m:wg v:yc*A;e:;:gu.,.xcwnv'z ::;3;2:, 1167448 RV = -1200V (&V/um)
- ;mu:{n =3 Recuzer ) ] o Reuacrat oee Wert Standardfohier
Ll S — — = s el
120 4 i e ez ) sz = o ‘:2::32 — calibratgd gpectroscopy data of Q3
3128403 32536 : 17,35065 80 A 23,12548 103628 —— gauss fit mixed alpha peak
J B8 :,m“n,wt 7255;?&; ::223 L E— ;9"’;2 'i;’;':“i Halbwertsbreits 613,69655 3881925 gauss flt pulser peak
lache TISTE | VAT Tiche TR I — S Flache 1510694396 1432.43084
100 - o o T Modell Gausshmp
Pu-239 Geommg  Eleyapsy |
T CCE =88.6% 60 GLEx i
: ¢ Kor. R-Quadrat 0.99996 Pulser
80 — AE/E=0.62% Am-241 ‘g ) - L N— 5“"“’:;:;:5: AE/E = 0.08%
CCE - 8880/0 ﬁza‘agﬁm: D02‘2‘31_
T AE/E = 0.64% 8 B : ea;:e::a 1?1‘373'
- Cm-244 s 40 - Halbwertsbreite 11.276 0.02897 | mixed o (CoG: 5412keV)
- 2 E = 88.8% | = %
60 —— calibrated spectroscopy data C(_:‘ : i Fache AT Haen CCE =75,8%
: AE/E =0.82% AE/E = 6.4%
4 —— gauss fit of Pu-239 peak E
—— gauss fit of Am-241 peak
40 —— gauss fit of Cm-244 peak 20
i I E6_8B+100 (3V/um) after 2.5 weeks with Am-241
20 .
04 . . . | Rl A o Py o B fonad o1 0 0unaber s s Bollllhs
M J l 0 1000 2000 3000 4000 5000 6000
0
1 4 I 3 I 4 I Y I i I
measured energy loss [keV]
0 1000 2000 3000 4000 5000 6000

measured energy loss [keV]
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Dol development

the best overall characteristics for the last five years
Improved electron transport and material homogeneity
Dol for detector applications, but no spectroscopy

further improvements difficult; dislocation density is
slowly decreasing -> another approach to growing:
epitaxial lateral overgrowth

Year
2010
2011
2011
2012
2013
2014

sample
886-2
952-1
954
955-1
962
AIX334

CCE [%]
hole electron
92.5 18.6
79.4 19.7
92.3 52.2
77.1 51.2

87 50.7
84.5 61

all values for fields 1.5V/pm
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E o [%]
hole electron
2.05 5.23
11.1 42.8

3 27.4
13.2 28.6

3.1 10.8

0.84 9

ETCH-PIT DENSITY N (cm?)

—

o
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o
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o
©
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~

d=r=rm

108-5

HH N

N
o
~
P

10 100 1000
CRYSTAL THICKNESS d (pm)

C. Stehl et al., Appl. Phys. Lett. 103, 151905 (2013)



o I=T= 1L
Characterization of “large” Dol sample

12.00 mm/di

MFAIX239L
20 x 20 mm?, ~300 pum, surface slanted
metallization: Al 4-strips
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Waveforms positive polarization (hole drift) iI=%= 1

: : __ - |
setup in air S R Y X Y R R
non-pumped sample Al

2]
[
- : v . '
Bty U USRI ! TEMr
h0|e drlft i ; ] I i i i
€2
Measure Plrise2080(C1)  P21alB020(CT)  PIwicth(C1)  Pdarea(Cl)  PSampi(C1) PE--- [ P .o
walue 1546 s 2044 s 132218 25033 pvs ERET
) ) mean <79956ps  =176817ns 110589ns 21 7EESEpYVS 300223 mV
it <23ps =34 ps 17 ps 1.043 pvs 521 my
<3881 ns =7.042ns 42730 54701 pvs RETY
<85262ps  <1.08285ns 65533ps  B.OD76N pvs 69649 My
62 566 64 471 471

refEse A 00T

4 . L ‘ ‘
i o "'('1' Bigia ootz ot
AT afh e IO Tt o
i i i i i i 'y
Vieasure Plrise2080(C1)  P2fall020(C1)  Pwidth(C1)  Pdarea(Cl)  PS:ampi(C1) PE- - [T PE- - - Measure Plrise2080(C1) P21lB020(CT)  P3width(C1)  Pdares(Cl)  PSampl(C1) PE- - PT--- PE- - -
ralue 33 ps 2115 1632ns SBITI pVs 7353 my valye F13ps 967 ps 2544ns 179010 pVs 69.44 my
nean <3547 ps <154671ns 198869ns 10989778 pVs  B331S0mV mesn <51861ps  =<113988ns 261603 s 17482580pVs  TE.8504 MV
Tin <2 ps <52ps 3T ps 22286 pvs 667 my min <62ps <67 ps 143 ps 3233 pvs T42my
nex <1225 ns 3d5ne E51Sns  158.904 pvs 10750 my max <1701 ns <3251 ns 37dns 232 pvs 12684 my
siew <16521ps  <63331ps 53324ps  1919760pVs 166906 MV sty <20756ps < 368E2ps F9B0ps  ISTIWEREVS 184201 MV
509 491 431

1010243 1 018e+3 1.0208+3 1 003e+3 1.003e+3
v

T hist(PT]

& 1oo0x

4th ADAMAS Workshop: TCT characterization of new generation of Dol samples



Waveforms negative polarization (electron drift)

300, 600, 900, 1150 V

o

AN

Measure Plrise2080(C1) P2 1alB020(C1)
value 578 ps Faps
mean <137805ns  <E1203ps
min <3 ps <26ps
<4863ns <3730 ns

<108085ns < 529.80ps

M3 385

il #

Pawidn(C1)
280 ps

1 46253 ns
ssps
5050ns
106966 ns
s10

Pa:area(C1)
41017 s
4374270 pvs
-100.066 pvs
23435 s
936657 Vs
303

PEampi(C1)
3245 MV
323073 my
a72my
80,05 my
106851 MV
03

ebase 3007
1

LI
[y

Y

Measure Plurise2080(C1) P21alB020(C1)  Pwidn(C1)  Pdares(Cl)  PSampi(c1) P PR~ [N
value 1487 s 460 ps 1589ns 57338 ps 5201 mv
mean <17263ns <52129ps 210382ns  T42BH2pvs  ABOTISmY
min =ddps <36ps 150ps  -148.386 pvs 670 mv
ma <5.230ns <1709 ns 435508 -34.348 pvs 99.55mv
sdev =68176ps < 27755ps 55282ps  14.0S660pVs 113888 mv

406 407 415 35 395

R

Triokase 3007

i 3
PLirise2080(C1) P21al020(C1)  Pawidn(C1)  Pdarea(C1)  PSampi(C1)
value 44 s 239 ps 2213ns 113089 ps £330 mv
mean <151500ns  <44762ps 219297 ns 9490944 pYs  53.0962mV
min =52ps <37 ps 151ps 153481 pvs Ta8mY
max <3535 ns <1781 ns 4457ns -M22EpYs 100.25 mv
sdev =56185ps  <22764ps 53242ps  17ESTSMdpVs 134808 mV
num 432 431 504 480 480
A kS E A

|

imebase -3.00

[ Pai-- -

i
Measure PLrise2080(C1)  P21alB020(C1)  Pwidn(C1)  Pdares(Cl)  PSampi(C1)
value 1336 s 93 ps 2282ns 86357 p¥s 6036 mv
mean 166475 nis 44927 ps 226445ns 03ETIES Vs ST.O510mY
min 174 ps s3ps 108ps 162082 pvs 18.73my
max 2999 1630ns 3426ns 41,606 pVs AT MY
sdev 50980 ps 21528 ps 36780ps  17.41928pVs 151328 mV
num 386 386 a2 36 386
kS E A
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I=T= 1L
Spectroscopy Am-241

-/+ 600 V, not pumped r-90 pumped over night +600/1050V

3 Comda -+ 2.0/221 0V TEC_PCT) B ) Comel-++0/22101VTEE_PCD) I3
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(C=3006.0 sig= 677.9 618.1 5ig- 7638 1611 sig=10802
m= 3011 , Sume 12558 , um 11338
10 3 W
£
' 7
0! o
8 i N
H i i
T L
o | |
9 d
! Y 1 i
4 i 4 g
W H H :
0
10 1° - i
Tabo 2000 20 S0 7o | a0 2000 a0 S0 700 1100 2800 200 &0 7000

4th ADAMAS Workshop: TCT characterization of new generation of Dol samples



I=T= 1L
Summary

the latest generation of Dol samples is showing a
significant improvement in CCE i.e. sample quality

Dol material cannot be compared to homoepitaxially
grown diamonds yet, at least not to the detector grade
material, the concentration of defects is comparably
much higher and requires conditioning of detector

additional study of material is needed

nevertheless, the present level of performance is way
beyond pcCVD and therefore makes Dol a material of
choice for construction of new detector devices

next step Is construction of Dol detector device: a high
rate MiP beam profile + timing detector
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