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RD50 Common RDS0 project 7

* What?

— Investigation of type inversion problem in MCz

« Who?
— Ljubljana
— CERN
— HIP

— Bari
— BNL

« How?
— Common irradiations with protons at CERN and reactor neutrons in Ljubljana
— sets of MCz-n, MCz-p and Fz-n reference distributed
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RDS0  MCz: Material and measurements  [@)

-

MCz n-type
— HIP-MCz-01-n 0.5 x 0.5 cm? Viy ~320V (p ~ 1 kQcm) (back & front illumination)
— SMG 0.5 x 0.5 cm? V¢y ~310V (p ~ 1 kQem) no TCT done
— CNM-01-M 0.5 x 0.5 cm? Viy ~370V (p ~ 0.8 kQcm) (front illumination)
— 8556-3 (CiS) 0.5 x 0.5 cm? Vg ~100V (p ~ 2.9 kQcm) (back & front illumination)

MCz p-type (p ~ 7.4 kQcm)

— p069/8 0.5 x 0.5 cm? Vi ~115V
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RD50 Experimental procedure N

Irradiation

» proton irradiation at CERN (24 GeV/c, 27 °C)
between 6.8 x 10" cm2 and 2.5 x 105 cm2 proton fluence

* neutron irradiation in Ljubljana (1 MeV)
between 5 x 103 cm2 and 1 x 10'® cm=2 neutron fluence

CVIIV

— Measured at room temperature in parallel mode at 10kHz

TCT

— 660nm laser, measured at -5°C
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RD50 MCz: Depletion voltage (CV)

HIP-MCz-01-n (MCz n-type)

5004 = before annealing

| o after 4min @ 80 deg ,
| |[|—fit before annealing p = 3.48 x 10" [chz] > 2 ]
- - - - fit after annealing B = 3.1 x 10" [chz] ) ;

400 //
300} =

- \.‘D‘ ool '
200 = .
100

N—"

600

VulV]

0.0 3.0x10"  6.0x10"  9.0x10"  1.2x10"®  1.5x10"

proton @ [cm?]
before annealing: p=5.1 x 10-3cm-
after 4 min @ 80 °C : B =4.5x 103 cm"
MCz n-type:

depletion voltage goes up after
annealing for 4 min @ 80 °C =>
indicates n-type (i.e. no type
inversion)
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p069 (MCz p-type)
500 T T T T
l l l /
— before annealing ;7 J
o after 4 min @ 80 deg ]
400 - |~ - - fit before annealing $=3.14 x 10" [chz] 7
= fit after annealing $=3.37 x 10" [Vem?] - 7
300 . ‘0
= 27
k=] 7z
> 200 o
/ o
100 ’
\ Phd
\ ﬂ/
5 -
0 T T T T T
0.0 3.0x10"  6.0x10"  9.0x10"  1.2x10"  1.5x10"

proton ® [cm?]
before annealing: p=4.6 x 10-3cm-
after 4 min @ 80 °C : B =4.9 x 103 cm"’
MCz p-type:

depletion voltage goes down after
annealing for 4 min @ 80 °C =>
indicates p-type (i.e. no type

inversion) BUT...
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RD50 Annealing results from Bari

o Viep VS tan, - Set SMART MCz-p | ¢  33510%ngom?
S X B 6.0310"n,xcm?
"é- 1.2 - V"“". A 8.80x10"n,xcm?
> B Yoy 1 ¥ 1.59x10"°, extimated from slope The most
1__ L ' \j 1.59x107", standard fl‘l |rrad|ated d|0de
N N il shows an n-like
03— . T annealing
- L m e m e m — B ¥ ] behaviour
0.6— r.i i
| I .... g ) I
- s iy
] T S L S
04— | W F T Ak R X I
- :. L e P : ——
0.2_* | 000 0.9 ¢ & 4 F\ p-|lke .
- : : annealing
0 P m———— = L/ T T —_—_-rrs=msm|m o= .

Annealing time @ 80 °C(min.)

12th RD50 Workshop, Ljubljana, Slovenia 2-4. June 2008 (D. Creanza)
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RD50 TCT measurments

Presented so far

24 GeVlc proton irradiation (irradiated together):

« Bari*: MCz n- and p-type, front illumination only (SMART samples)

“TCT measurements (for p-type MCz), corrected for trapping, shows a junction on the
back that is clearly dominant at a fluence of 6.03 -10* n_ /cm?

«  BNL/HIP**: MCz n- and p-type, front and back illumination (HIP samples)

“the two peaks/junction are almost the same (for n- and p-type MCz) (after trapping
corrections), indicating half +SC and half —SC in the detector, especially at higher fluences

than 3x10'* p/cm?, regardless of bias voltages”

Some new data: 777

CERN: MCz n- and p-type, front and back (not all) illumination

proton and neutron irradiation o _
12th RD50 Workshop, Ljubljana, Slovenia 2-4. June 2008

* D. Creanza, **J. Haerkoenen
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RD50 TCT setup

- voltage applied with Cu/Be needle
- floating guard ring

- N, atmosphere
- Peltier cooling

- 660nm red laser
- 1060nm IR laser

* all detectors were measured at -5+0.1°C
* humidity in the box was around 15%
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RD50

MCz n-type

| TCT Measurement @ T=-04 C |

Measured WF 280.00 V

Entries 999 ‘ TCT Measurement @ T=-04 C | Heﬂslfred WF 680.00 V
T ¢ B o e
g L u=+10V proton % E RMS 2.198
—0.08 — U=+40V Eg_gs} U=+20 Vv
U=+70V - L U=+80 V
B U100 E U=+140 V
L 0.05— U=+200 V
ll.l]ﬁj U=+160 V E U=+320 V
i U=+220V HIP-MCZ-O1 '”'26 0.04— T=er oy
0'04:_ 1.08x1014 neq cm-2 0.03F- zt:z:
0.02:_ 0.02; U=+680 V
o: _ 0.01E
0z a6 e 10 12 14 16 18 20 oy o
tins] oS Cor T
0 2 4 6 8 10 12 14 16 18 20
front (electrons) tins]
back (holes)
| TCT Measurement @ T=-04 C | 'I";‘:::':;WF“‘“;;;
= - Mealn 5.421
g RMS 3175
S0z - ey
L iy neutron
i back side not possible
01— U=+125V .
: CNM-01-S93 no grid
) 1x104 n cm-2
ol L e B
0 5 10 15 20 25
t[ns]
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RD50

| TCT Measurement @ T=-04 C |

Measured WF 570.00 V

Entries 999

Mean 3.837

So.18F-
o C
= U=+20 V
50.1 6 u=+0V
C U=+120 V
0.14— U=+170 v
012 u=+270 v
F U=+370 V
01 = U=+420 V
0.08— U=+520V
C U=+570 V
0.06 —
0.04—
0.02
oF

e
§
'S
o

front (electrons)

| TCT Measurement @ T=-05 C |

Measured WF 820.00 V

Entries 999
Mean 4.38
RMS 2.407

o045
2 F
E 0.4 = U=+20 v
- E U=+120 v
0'355 U=+220 V
0.3 U=+320V
0.255— U=+520 V
0.2 U=+720 V
F U=+820 V
0.15—
0.1
0.05—
0 | [ | [

(=]
[}
F-
af
[--]
R
(=]
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t[ns]

RMS 1.995

MCz n-type

proton

HIP-MCz-01-n-24
3.35x10™ n,, cm=

neutron

CNM-01-S83
3x10'4 n cm-2

8556-3-S11 —**

2x10'4 n cm2

Katharina Kaska

| TCT Measurement @ T=-05C | Moasured WF 570,00V
Entries 999
'0_:'0'05 Mean 5
=] C RMS 2.088
0 L
= B U=+20 v
- U=+70 V
0.04— U=+120 v
o U=+170 V
- U=+270 V
0.03—
C U=+370 V
L U=+420 V
0.02 - U=+520 V
r U=4570 V
0.01
0 2 4 6 12 14
t[ns]
| TCT Measurement @ T=-05 C | Measured WF 560.00 V
Entries 999
o r Mean 4.774
g - RMS 2.229
z __ U=+10V
E' 011 U=+60 V
L U=+110 V
- U=+160 V
0.08—
r U=+260 V
B U=+360 V
0.06 — U=+410 V
C U=+510 V
0.04— U=+560 V
0




RDS0  Comparison (few inconsistencies)

0.05

8.8x10' n,, cm2 o

[ TCT Measurement @ T=-04 C | Measured WF §20.00 ¥
Entries 999 | TCT Measurement @ T=-05C | Measurad WF 1020.00 ¥
'C_:' C Mean 3.639 Entries 999
S - RMS 1.601 =0.04— Mean 4,348
B0 25 proton goaa
=) F U=+20v 0 E
- L U=+120V 20.035F U=+20 v
B U=+220 V - C U=+120 v
0.2— U=+320 V 0.03— 5:;;3:
0.15; U=+520 V 0.025;— U=+520 v
r U=+720V C E RN 0.021 ﬁ::;:g:
_ U=+820 V E
01— C
: HIP-MCz-01-n-22  wos-
o = g
0 2 4 6 8 10 12 0

t[ns] 0 2 4 3 g 0 12
t[ns]
front (electrons) back (holes)
Tekstop | = e N BNL TekPrevu | o N
S : L 18 Doy : U 1 A nay
...... ..... % }g;ﬂ: % }53&2

MC2Z-n, #01-N-20, 1.3x10'5 p/cm?
double junction/peak clearly seen

g ———

993V  Nearly identical TCT curves for ; o900V
gogy botheandh e

Equal-Double-Junction | 720V
725V +SC dominates near p* contact, - %l
629V ’ 629V

=]

SC dominates
532V near n* contact

532V

15 May 2008 15 May 2008
[ 1.00mv 4.00ns |ii[27.20 % | 10:40:19 [ 5.00mv 3.00ns |ii[27.20 % | 10:09:30

Ml4.00ns Al Ch1 + 1.16mV|
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RD50

MCz p-type

(=]
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V, (back) = 270V
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TCT Measurement @ T=-04 C [Measured WF 190.00 ¥ |
| TCT Measurement @ T=-04 C | leasured WF 200.00 ¥ Entries 1999
Entries 999 'O_:' r Mean 5.561
S0.07 = U=+05V M&‘;’n ;::: 2 01— RMS 3.318
S [ by proton 2 T L
—0.06— U=+50V - U=+70V
F U=+80V 0.08 — U=+85 Y
0'05;_ H::;;g\vl B U=+115V
0.041- Ussi70 v p069_51 0.06; e
0.03; 0_04_— U=+190 V
E 4.2x10"3 n_, cm? i
0.02— q L
E 0.02—
0.01 ]
z V, (CV) = 33V
C d _
pkL o, : T :
’ Vy (front) = 60V A A % . :»,]‘o
ns
V4 (back) = 60V
front (holes) back (electrons)

[ TCT Measurement @ T=-05 C | :e;:;::wruo;;; | TCT Measurement @ T=-04 C | "I‘E‘:::’:: Ll 5"”';;;
go.07F RMS 2301 T F Moan  4s82
= r u=+10v ©0.07 - :
= — - = £ U=+170V

s neutron =oos- oy
0.05:_ u=+160 Vv E U=+260 V
F U=+260 V 0.051~ L=2Y
p068-60
0.03;_ U=+410 V 5x1 01 3 n Cm'2 0.03; U=+470 V
0.021 0.02F-
L Veev=2aa
oF N——— V4 (front) = 200V of > f
0 TS : 5 ; 10 I 12 I 14 ‘




RD50

| TCT Measurement @ T=+04 C |

Measured WF 460.00 V

So.04
]
29.035
0.03
0.025
0.02
0.015

0.0

=

0.005

0

u=+10 v
U=+60 V
U=+110 V
U=+160 V

U=+260 V

U=+360 V
U=+410 Vv

(=]

front (holes)

\ TCT Measurement @ T=-05C |

0.04

Entries 999
Mean 6.864
RMS 2.887

.\ - |

25

t[ns]
Measure; d WF 940.00 V
Entries 999
Mean 4.077
| RMS 1.858

U=+40 V
U=+140 V
U=+240 V
U=+340V

U=+540V

U=+740 V
U=+840 V

o
[¥]
.
o
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MCz p-type

proton

0069-44

3.35x10™ n,, cm=

V4 (CV) ~ 186V
V4 (front) = 60V
V4 (back) = 60V

neutron

p068-64
3x10'4 n cm-2

V, (CV) ~ 730V

| TCT Measurement @ T=-05C |

g0.08

0

2.0.07
0.
0.
0.
0.
0.

Measured WF 280.00 V

Entries 999

06

05

04

03

02

01

Mean 4.722
RMS 2.341

U=+10V
U=+40V
uU=+70V
U=+100V

U=+160V

U=+220 V
U=+250 V

(=]

back (electrons)

| TCT Measurement @ T=-05C |

V4 (front) ~440V ?

V, (back) = ?
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Measured WF 850.00 V
Entries 999

U=+370V
U=+410V
U=+450 V
U=+490 V

U=+570 V

U=+650 V
U=+690 V

U=+770 vV
U=+810 v

Mean 4.754
RMS 2.238
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RD50

\ TCT Measurement @ T=-04 C

Measured WF 800.00 V

Entries 999

MCz p-type

proton

g F Mean 3.878
g0.09— RMS 1.834
i3 iy
0.06; u;mqov
oas iy p069-46
3 8.8x10™ n, cm
0.02:
°‘°; >, : V4 (CV) ~ 480V
©oor b e Vq (front) = ?
V, (back) ~ 340V
front (holes) a (back)
| TCT Measurement @ T=-04 C | :e::::: WFM:;;.;
g sf Uwov  |RMS 209
@.025_— U=+140 v )
=
: : neutron
00181 s
0.01;
0,008 p068-66
o= 8x1014 n cm2
-0.005:— | 1 ‘ |
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| TCT Measurement @ T=-04 C |

Measured WF 620.00 V

Entries 999
Mean 4.249

0.05— RMS 2.03
- u=+20 v
L U=+80 V
0.04— U=+140 V
- U=+200 V
L U=4320 V
0.03—
B U=+440 ¥V
- U=4500 V
0.02 — U=+620 V
0.01—
0=, | o
0 2 12 14 16
t[ns]

-0.005

U=+40 V
U=+140v
U=+240V
U=+340V

U=+540V

U=+740V
U=+840 'V

U=+:40 V

Measured WF 740.00 V
Entries

1999
4.669
2,615

above depletion not possible



RD50 Comparison as measured

Tek Stop |
Tek Stop | —} |
P e e e ST AL anaou : T :

. 86V

178V
196V BNL

215V p069-72
234v  9.7x10%4p/cm?2

1=

A . \ /

Ch” 2.0(]va| M|4.00ns\ :'Al ch] f‘*‘]i‘ﬁ‘ll“l‘l‘\" T T I T DT NP I T T
ismay]  front chi[ 2.00mve | M[4.00ns| A Ch1 £ —-SS0pv
[ z.00mv 4.00ns |1[36.20 % | 15:28:3 15 May 2008
(hole) back Ell [ z.o00mv 4.001s |1H[40.80 % | 16:03:56
(electron)
| TCT Measurement @ T=-05 C | Megpffred WF 200.00 V
,ﬁ“"“s 50 | TCT Measurement @ T=-04 C | Messured WF 29000V
— = ean L :
% e T e SRS 2614 g OF -’jﬁfﬁ%f ;2_1.3
%-mmi ; CERN '82‘, - /Yd" .
B So.01
0.02F p069'45 - Jorao v
E U=+100 V .0.02 ; U=+90 V
o3k 9.7x10%p/cm? -
05 U=+140 V¥ C U=+160\
F -0.03—
.0.04— U=+180 ¥ =
C C U=+290 V
0 05:_ U=+220 ¥ -0.04—
o8 Raw data looks B
- -0.05—
-0.06— =
- the same! -
0070, 1 M Katharina Kaska 006 | | ! [ I | | |
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RD50

TCT (h's, Trapping Corrected, 4.58ns)
MCZ-p, 9.7E14 p/cm2, 345V

(Laser-front) B N L
2 5E-02 — Raw data
=" 1— - Corrected, 4.58ns
_ 7N

_ 2.0E-02 /\/ ~
S 1.5E-02 \
< / \
= 1.0E-02 / i

5.0E-03

0.0E+00 T T T T

0.0E+0 3.0E-09 6.0E-09 9.0E-09 1.2E-08 1.5E-08

MCz p-type
9.7 x 10" p/cm?

<«— Dp0B9-72

0
* t(s)
I

4.58 ns
345V

SMART —

Difference in
correction

trapping corrected pulses

Corrected induced current pulse shapes 1

[ MW _J008_2_36_13_ST_J10400

Entries 10350

— O 1 = — Mean 5.684
= ' H=dD0 M RMS 2.227
g E U=420 VvV
—-0.2|— | U=440 V
i %\ U=460 V = |
-0.4|— ‘\
0 . o _ |u=s00V
-0.6|- S - .
0.8/ . /
- Bairi Vs
4 —
A s
0 1 zl 3 4 5 6 7 8 9
t[ns]

>400V

1 | Corrected induced cyrrent pulse shapes | Measured WF 410.00 V
| Corrected induced current|pulse shapes | Measured WF 340.00 V Entries 1099
Entries 1099 = F U=410 v Mean 5.687
014 Mean 5.322 g E U=a20 v RMS 2.043
s I ¢ RMS 2.215 S 0 3 .  / ﬂ:ﬁﬂi ]
20.12— = F 9
- 005 N\ T
L . = U=460 v D!
01 X u=aaov 0.1 .
- r U=480 v 44
0.08 U=350 v <__ p069'45 _>-l].15:— U=190 v 4
- 14 2 o
voel e | 9.7x10Mp/em? 2
: CERN e
0.04— B
L / ' 0.3
0.02 - / \ -0.35-
0 i I \ I I |I‘ ; E | l | I I
0o 2 4 6 8 10 Katharina Kaska 04 2 4 6 8 10
t[ns] t[ns]




RD50 Conclusions &N

=

MCz n- and p-type detectors were measured in TCT after neutron and proton irradiation, up to
8x10"* and 8.8x10"* cm respectively.

After neutron irradiation, negative space charge in MCz-n and p. After proton irradiation
picture more complex: Pulse shapes for holes and electrons similar.

Comparison of RD50 data (common project)

CERN data compared to Bari and BNL results: Very good agreement in measured TCT data
for most diodes arriving from identical material and irradiations. (Few inconsistencies for
diodes irradiated to highest fluence.)

Differences in interpretation of data by different groups arising from different trapping times
used to correct the TCT curves for trapping!

Same raw data can lead to different interpretations: e.g. equally strong fields in front and back
versus dominating field in front or back side.

Conclusion: Raw and corrected data should be presented and not only corrected data.

Interpretation of data should contain an evaluation on the impact of varying trapping time used
for the data correction.
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RD50

SPARES
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RD50

N type
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RD50

MCz n-type

Measured WF 490.00 V

TCT Measurement @ T=-05C Measured WF 370.00 ¥
| @ | Entries 999 __TCT Measurement @ T=-05 C |
= F Mean 4.522 —
S 0.06] RMS 1.915 g [
2 F u=+10 v D C
- C U=+50 V = L U=+220V
0.05— U=+90 v —0.04— oY
L U=+130V C y=rze0v
C L U=+310 V
0.04— = -
B U=4210 V 0.03— U=+370 V
- U=4290 V -
0.03— U=+330 ¥ C =430V
C - U=+460 V
- 0.02 —
0.02] -
0.01— 0.01—
0 - TR N T T R N T T Y SO N _ﬁ;l PR M| 0 L | | e oS el
0 2 4 ﬁ 12 14 1 1 1 1 1 1 1 1 1 Il 1 Il 1 1 1 1 1 1 1
0 5 10
tins] proton

front (electrons)

RD50 workshop, CERN Nov. 2008

Entries 1999
Mean 7479
RMS 3.276

HIP-MCz-01-n-60
4.2x10"3 n,, cm2

Katharina Kaska

back (electrons)
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RD50 MCz n-type

. ___ _ _ @ T —
TCT Measurement @ T=-04 C Measured WF 280.00
—_ ;::ines 4:23 | TCT Measurement @ T=-04 C | Measured WF 680.00 ¥
g C RMS 2314 Entries 999
] i 'C_i' - Mean 5.145
= u=+tov proton s L RMS 2.198
0.08 U=+40 V 0 —
L >0.06— U=+20V
LEThy = C U=+80 V
7 U=+100V — U=+140 V
L 0.05 U=+200 V
0.06— U=+160V E
= C U=+320V
3 - 0.04— .
i o HIP-MCz-01-n-26 - Ll
0.04— E -
L - 0.03— -
r 1.1x10% n,, cm™2 E o
0.02— 0.02;
B 0.01—
0 2 4 6 g 10 12 14 16 18 20 s o = A
t[ns] 0 14 16 18 20
t[ns]

front (electrons) back (electrons)

\ TCT Measurement @ T=-04 C | Measured WF 140.00 ¥
Entries 999
'C_=' E Mean 5.421
8 L RMS 3175
E .. ; uU=+05V
=0 a0y neutron
C U=rs0v
0.15—
: U=+80 V
C U=+10 v
o CNM-01-S93
- 1x1074 n cm™2
0.05_* /
o} I e S
0 5 10 15 20 25

t[ns]
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RD50 MCz n-type

= Measured WF 560.00 V
| TCT Measurement @ T=-04 C | e s TCT Measurement @ T=-05 € | Entries 99
1 —
= = Mean 4.537 S B :I:'a;;n ;'g;
g - RMS 3.075 v - u=+10 vV
S 03 2 01— usss0 v
= C L U=+110V
- L U=+160 V
025 0.08—
= : U=+260 V
02 0.06 sl
0.15— B U=+510V
- 0.04— U=+560 V
0.1 C
E 0.02—
0.05— L
== —— o L = o
- . | 0 2 4 6 8 0 12 14 16
0 5 10 15 20 . :]5 t[ns]
front (electrons) back (electrons)
neutron
2x10%4 n cm2
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RD50

| TCT Measurement @ T=-04 C |

Measured WF 570.00 V

Entries

—

So.18
2
20.16
0.14
0.12

=

0.08
0.06
0.04
0.02

Mean
RMS

U=+20V
u=+70V
U=+120 V
U=+170 Vv

U=+270 V

U=+370 V
U=+420 V

U=+520 V
U=+570 V

front (electrons)

[ TCT Measurement @ T=-05 C |

50.45

2

$ 04

T 035
0.3

0.25
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999
3.837

1.995

Measured WF 820.00 V

Entries
Mean
RMS

999
4.38
2.407

(=]
o
IS
(=]
F o
(-]
-
o
-
~

A A I
14 16

20
t[ns]

MCz n-type

proton

HIP-MCz-01-n-24
3.3x10% n,, cm-

neutron

CNM-01-S83
3x10'4 n cm2
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\ TCT Measurement @ T=-05C | Measure d WF 570.00 V
Entries 999
-C—=-0.05 Mean 5
=] r RMS 2.088
0 L S E—
U=+20V
E‘ﬂ 04— u=+70V
R Us+120V
L U=+170 V
C U=+270 V
0.03—
C U=4370 V
C U=+420V
0.02 - U=+520 V
r U=+570 V
0.01—
C y
0= =
0 2 4 6 8 10 12 14

back (electrons)
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RD50

MCz n-type

| TCT Measurement @ T=-04 C | Measured WF 940.00 V
Entries 999
'a' F Mean 4.226
o C RMS 2.438
g 0.3 U=+220 V
= C U=+280 V
E U=+340 V
0.25— U=+400 V
E U=+520 V
0.2~ U=4640 V
C U=+700 V
0.15 :— U=+820 V
u U=+880 V
01—
0.05— |/
0 C 1 1 | 1 11 | 11 1 | 11 mﬁ 1 11 | 11 1 | 11 1 | 1 I_ 1 |
0 2 4 6 8 10 12 14 16 18 20
t[ns]
front (electrons)

RD50 workshop, CERN Nov. 2008

neutron

| TCT Measurement @T=-04C |

Measured WF 1020.00 vV

30.16
(=]
1]
U=+20 V
%0‘14 U=+120 V
U=+220 V
0.12 U=+320 V
0.1 U=+520 V
U=+720 V

0.08

0.06

0.04

0.02

U=+820 V

Entries 999
Mean 4.309
RMS 2.025

S
[¥)
ot
o

back (electrons)

8665-3-S12
4x1074 n cm2

Katharina Kaska
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RD50 MCz n-type

\ TCT Measurement @ T=-05C | Measured WF 570.00 ¥
[ TCT Measurement @ T=-04 C | Meseured WF 57000 Y Sy
1 [ F N
50_13_ Mean 3.769 proton %.035; | RMS 2.001
E F RMS 1.917 E. E u?rznv
2o1ef- = =00
- C u=+120 V F U=+170 V
012 U=+170V 0.025F i
0.1 HIP-MCz-01-n-23 0.02/ vy
- U=+370V E
0.08— S 14 -2 0.015— U=+520 v
i 6.03x10"* n,, cm :
0.06— U=+570 V 0.01:7
0.04 ; 0.005;
0.02f oF i
- 0 2 4 3 8 10 12 14
o = [N t[ns]
0 2 4 8 ) 10 12 14
t{ns]
front (electrons) back (electrons)
\ TCT Measurement @ T=-04 C \ Maasured WF 800.00 ¥
Entries 999
'5‘0.25— Mean 4621
g RMS 2127
2 neutron
0.15
- CNM-01-S73
01—
i 5x10% n cm2
0.05[
i

(=]

RD50 workshop, CERN Nov. 2008 Katharina Kaska 25




RD50

| TCT Measurement @ T=-04 C |

Measured WF 820.00 V

Entries 999
'C_:' F Mean 3.639
g r RMS 1.601
EO.ZST p— —
- F U=+120V
0.2 - U=+220 V
[ U=+320V
0.15 } U=+520 V
F U=+720V
0.1 } U=+820 V
0.05—
of: - —
0 2 4 6 10 12
t[ns]
| TCT Measurement @ T=-05C | Moasured WF 740,00V
Entries 999
o F Mean 3.988
2 - RMS 2.048
2025} ey
- F U=+140V
r U=+200V
0.2 U=+320 v
B U=+440 V
C U=+500 V
0151 U=+620 V
r U=+6B0 V
01
0.05
of

(=]

RD50 workshop, CERN Nov. 2008

MCz n-type

proton

HIP-MCz-01-n-22
8.8x10% n,, cm-

neutron

CNM-01-S63
8x10'4 n cm-2

Katharina Kaska

| TCT Measurement @ T=-05C ‘ Measured WF 102000 V
Entries 999
z0.04— Mean 4,348
gL RMS 1.706
=0.035— U=+20V
- c U=+120 v
C U=+220 V
0.03 = U=+320 v
0.025— U=+520 v
E U=+720 V
0.02¢ U=+820V
0.015— U=+:20V
0.01
0.005— )
0= :
0 2 4 6 8 10 12

back (electrons)
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RD50 MCz n-type

= Measured WF 920.00 V
| TCT Measurement @ T=-04 C | Nesaured WP 92008 ¥ _TCT Measurement @ T=-04 C | Entries 1999
T Mean 3.33 g F Mean 386
s RMS 1.473 ] C U=+20 v .
wn 0.18— = 0.03—
> r us+20V =k U=+120 v
=016 U=+i20V - - U=+220 V
w3 ey o025 oy
0.12;— U=+520 V 0.02:_ U=+520 V
= - U=+720V
01— U=t720 V C -
0 ‘mi U=+820 V 0-015:_ U=+820 V
0.06— 0.01—
0.04— -
0.02E- 0.005—
oF c
0 2 4 6 8 10 0 C 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 |
t[ns] 0 2 4 6 8 10
t[ns]
front (electrons)
ont (electrons back (electrons)
proton

HIP-MCz-01-n-21
1.6x10"> n,, cm2

RD50 workshop, CERN Nov. 2008 Katharina Kaska 27



RD50

‘p type

RD50 workshop, CERN Nov. 2008 Katharina Kaska

28



RD50

| TCT Measurement @ T=-04 C | Measured W 20000V
Entries 999
'a' Mean 6.691
$005 RMS 4.666
= C U=+05V
= C U=+20 V
- C U=+35V
0.04— U=+50 V
L U=+80 V
L U=+110V
0.03 U=+125V
L U=+155V
C U=+170 V
0.02—
0.01—
0% o i e
0 20 2 30
t[ns]
| TCT Measurement @ T=-05C \ Measured WF 430.00 V
Entries 999
o F Mean 5.361
2 L RMS 3.219
2012 Y
- F U=470 V
- u=+100 v
0.1~ U=+160 V
[ U=+220 Vv
[~ U=+250V
0.08 U=+310V
- U=+340 V
0.06; U=+430 V
C U=+460 V
[~ U=+490 V
0.04j )
0.02- &
= [ R B
0 2 4 6 8 10 12 14 16
t[ns]

RD50 workshop, CERN Nov. 2008

MCz p-type

proton

p069-42
1.07x10" n,, cm™

neutron

p068-61
1x1074 n cm-2

Katharina Kaska

| TCT Measurement @ T=-04 C | Moasured WF 200,00 ¥
Entries 999
<) =TT Mean 5.361
g B U=t20Y RMS 2.629
g o1 U=+35V
E. : U=+50 V
B U=+80 V
0.08—
[ U=+110 V
= U=+125V
B U=+155V
0'06__ U=+170 V
0.04—
0.02—
T e e SR

0 2 4 6 8 10

12

back (electrons)

[ TCT Measurement @ T=-04 C |

t[ns]

1 [VI500]
e o
& 3

e
o
a

0.04

0.03

0.02

0.0

o

U=+200 V
U=+230V
U=+260 V
U=+290 V

U=+350 V

u=+410v
U=+440 V

Measured WF 440.00 V
Entries 999
| Mean 5.086
RMS 2.574




RD50

| TCT Measurement @ T=-04 C |

MCz p-type

| TCT Measurement @T=-04C |

Measured WF 690.00 V

o014
(=] B =
-4 - U=+20 V
E. L U=+80 V
=0.12— U=+140 V
- U=+200 V
0.1 U=+320 V
- U=+440 V
0.08— U=+500 V
B U=+620 V
0.06— U=+680 V
: f‘l
II ¥
0.04—
B "I".

U=+410V
U=+450 V
U=+480 V
U=+530 V

U=+610V

U=+690 V

Entries 999
Mean 5.839
RMS 3.703

front (holes)

RD50 workshop, CERN Nov. 2008

Measured WF 680.00 V
Entries 999
Mean 4,699
MS 2.37 = F
So.08—
w0 E
=0.07]
0.06—
0.05—
0.04—
0.03
0.02—
0.01—
—| 0 g
| 0
12
t[ns]
neutron

p068-62
2x10'4 n cm2

Katharina Kaska

10 12 14 16 18 20

back (electrons)

22
t[ns]
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RD50

| TCT Measurement @ T=+04 C |

Measured WF 460.00 V

Entries 999

So.04
]
29.035
0.03
0.025
0.02
0.015

0.0

=

0.005

0

Mean 6.864
RMS 2.887

u=+10 v
U=+60 V
U=+110 V
U=+160 V

U=+260 V

U=+360 V
U=+410 Vv

front (holes)

\ TCT Measurement @ T=-05C |

0.12

1[V/500]

01

0.08

0.06

0.04

0.02

Measured WF 940.00 V
Entries 999

4.077
1.858

Mean
| RMS

U=+40 V
U=+140 V
U=+240 V
U=+340V

U=+540V

U=+740 V
U=+840 V

)
)
IS
o

RD50 workshop, CERN Nov. 2008

10
t[ns]

MCz p-type

proton

0069-44

3.35x10™ n,, cm=

neutron

p068-64
3x10'4 n cm-2

Katharina Kaska

| TCT Measurement @ T=-05C |

Measured WF 280.00 V

Entries 999

— — Mean 4,722
%“-“8; RMS 2.341
En 07 :_ U=+10V
- F U=+40 vV
E U=+70V
0'05:_ U=+100V
0.05— U=+160 V
0.04— U=+220V
E U=+250 V
0.03—
0.02
0.01—
S I bl L]

S

2 4 6 8 10 12 14 16 18 20
t[ns]

| TCT Measurement @ T=-05 C | Mossured WF 050,00V

Entries 999

'C-G' Mean 4.754

2 0.08 RMS 2,238
= T
~0.07 U=+450 V
U=+490 V
0.06 U=+570 V
0.05 U=+650 V
U=+690 V
0.04 U=4770 V

U=+810 V




RD50 MCz p-type

TCT Measurement @ T=-04 C Measured WF 500.00
| @ ‘ Entries 999 \ TCT Measurement @ T=-05C | Measured WF 500.00 ¥
= E Mean 4.589 nEnntﬂGS 429:
[ [~ r ean 47,
So0.070 RMS 2398 prOton % 04— RMS 2.043
C u=+110 v - L —
: 2 T =
E U=+170V - L =+
0-06:_ U=+200 V 0.08 T
0 053 U=+260 V r U=+260V
g = - - - U=+320V
; = p069-45 oaef
0.04— B U=+410 V
C U=+410V -
: 6.2x10'* n_, cm2 :
0.03— eq 0.04
0.02— 002 | )
3 A V4 (CV) =33V ﬂgf“.". e e
08 1 e e d 0 2 4 6 8 v 12 14 16

0 2 4 6 8 10 12 14 18 Vd (front) = 60V t[ns]
V, (back) = 60V

\ TCT Measurement @ T=-05C \ Measured WF 940.00 [ TCT Measurement @ T=-05C | Measured WF §20.00 ¥
Entries 1999 Entries 999
= Mean 4.695 = F Mean 9.051
07— 5] F
% 0.07F RMS 215 So.03 RMS 4727
2 E U=+40 v s C U=+20 V
E‘0.0ﬁj U=-:140V ~5.025 U=+100 V
E U=+240 V i ﬁ:;ig:
0-05} U=+340 V =
E U=+540 V 0.02— U=+420 V
0.04— neutron E U=+580 V
F L=cte iy 0.015— U=+660 V
F U=+840 V C
0.03— E U=+820 ¥
C 0.01—
0.02— E
g 068-65 e
0.01 p E 4 SR e
- 5x1014 n cm-2 ST TR
0= 0 2 4 6 8 10 12 14 16 18 20
0 2 4 6 8 10 t[ns]

strange
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RD50

| TCT Measurement @ T=-04 C |

1 [V/509]
[=)
P
-

0.06

0.05

0.04

0.03

u=+110v
U=+140 V
U=+70V
U=+200V

U=+260 V

U=+320 v
U=+350 vV

U=+410 V
U=+440 V

U=+500 V

Measured WF 500.00 V'
Entries 999
Mean 4,589
RMS 2.398

o
X
-t
o

RD50 workshop, CERN Nov. 2008

MCz p-type

0069-45

6.03)%93‘{6}1(] cm-2

V4 (CV) =327V
V4 (front) ~ 500V
V4 (back) ~ 210V

Katharina Kaska

| TCT Measurement @ T=-05C |

Measured WF 500.00 V

—_
g E
W 01—
E r U=+110V
= = U=+140 V
L U=+170V
0.08— U=+200V
B U=+260 V
= U=+320V
0.06— U=+350 V
L U=+410V
B U=+440 V
0.04— U=+500 V
0.02—
0 I__.. )
12

Entries 999
Mean 4.474
RMS 2.043
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RD50

Measured WF 820.00 V
Entries 999
Mean 5.105
RMS 2.296
U=+220 v
U=+280 V
U=+340 V
U=+400 V

| TCT Measurement @ T=-04 C \

1 [VI50Q]
(=]
o
(+-]

0.06 U=+520 V
U=+640 V

0.04 U=+700V

proton

U=+820 V

0.02

O
[ %)
of
o
o

front (holes)

p069-47
1.6x10"> n,, cm2

RD50 workshop, CERN Nov. 2008 Katharina Kaska

MCz p-type

| TCT Measurement @ T=-04 C | Meastred WF 680.00 v
Entries 999
'0_:'0.05— Mean 4.946
o B RMS 2192
2 r
= L U=+20 V
~0.04— U=+80 V
r U=+140 V
L U=+200 V
0.03 _— U=+320 V
- U=+440 V
C U=+500 V
0.0z U=+620 V
L U=+680 V
0.01 —
0
C l Ll l \ [ l
0 2 4 6 8 10 12
t[ns]

back (electrons)
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