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Motivation of mixed radiations

For the development of radiation-hard Si detectors for the SiD BeamCal

program for the ILC

= In the ILC radiation environment, there will be gamma/e and neutron radiation

Gamma irradiation is known to induce +SC in MCZ Si [1]

The one year neutron fluence
at the ILC is:

Do, = 2.68x10 n,/cm2,

The one year gamma radiation
dose is 10° rads =10° Mrads.
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-SC by n and +SC by gamma may
just cancel each other --- minimum
net SC and V!

1. Z.Li,et al.,IEEE Trans.Nucl.Sci.NS-51 (4)(2004)1901.
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Experimental: samples,
radiations and measurements

n-type MCZ Si, 390 ym, 0.25cm?, 1000 Q-cm, as-processed p*-n-n*
structure (processed at BNL)

Sample #: 1480-5 | 1480-13 | 1480-15 | 1480-16

v Samples:

Conditions:

1°' Radiation:
Neutron

Neg/CMZ) 1.5x10™ | 1.5x10™ | 3x10™ | 3x10™
ad

2" Radiation:
Gamma
(Mrad) 500 0 0 500

All sasmpleswere RT annealed after n-irradiation
during the 5.5 month gamma radiation period

Radiations:

Neutrons: 0.8-1 MeV (HF=1.3), 1.5-3x10™ n,./cm?, Annular Core
Research Reactor in Sandia National Lab
Gamma: 1.25 MeV %°Co, BNL, up to 500 Mrads

v Experimental technique: IV, CV, and TCT [2] with red (660 nm) laser
(measured at BNL)

2. V. Eremin, N. Srokan, E. Verbitskaya and Z. Li, NIM A 372 (1996) 388-298



Experimental results of TCT current pulse shapes on
samples after 1 MeV neutron irradiation and beneficial
anneal

1.5x10 n,/cm?
1480-13, 1.5x10%* n/cm?, (22 d RT anneal) MCZ n-type Si, p*/n/n* structure

1480-13, 1.5x10%4 n/cm?2(22 d RT anneal), MCZ n-type Si, p*/n/n* structure
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1.5x10 n,/cm?

Experimental results of TCT current pulse shapes on

samples after 1 MeV neutron irradiation and beneficial

1480-5, 1.5x10™ n/cm? (22 d RT anneal), MCZ n-type Si, p*/n/n* structure

Laser front, electron current from p*to n*
Double junction, and SCSI seen
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1480-5, 1.5x10% n/cm?2 (22 d RT anneal), MCZ n-type Si, p*/n/n* structure
Laser front, electron current from p*to n*

Double junction, and SCSI seen
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3x10 ng/cm?

1480-16, 3x1014 n/cm2(22d RT anneal), MCZ n-type Si, p*/n/n* structure

Laser front, electron current from p*to n*
Double junction, and SCSI seen

417V

369V

273V

178 V

85V

Tel

Experimental results of TCT current pulse shapes on

samples after 1 MeV neutron irradiation and beneficial
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Experimental results of TCT current pulse shapes on
samples after 1 MeV neutron irradiation and beneficial
anneal

3x10 ng/cm?

1480-14, 3x10*4 n/cm?2(22d RT anneal), MCZ n-type Si, p*/n/n* structure
Laser front, electron current from p*to n*

Double junction, and SCSI seen 1480-14, 3x101* n/cm2 (22 d RT anneal), MCZ n-type Si, p*/n/n* structure
Tek Prevu E—g ] Laser back, hole current from n*to p*
e ey 0 .00V
[ X o . i . X . . . @: —200uV
| Electron transient {4 3z Tekcprevu | i |
g : : - f : : - : @: 82.8ns E R I B R R 40.0}.!\('
L . . . . I : . . . : T@ 200UV
o A 97.8ns
| Ch1 Area @; 82.8ns
8 46.98pVs N S ; ; L
:; H(Dle tranSIent Ch1 Area
5 7.264pVs
i 4
601V M. ]
507 V it
412V 2 : 740 V
317VR23 """ 647V Rd
8LV Bl e 506V
Vfd O 2.00mve M[10.0ns| A Chl J 1.32mv 363 V
N T — 2V M/ -
v S ‘ N ”l';;{,’lj'\, ioomve | M[4.00ns| A Ch1 7 1.20mV,
oo Electron transient -4 g0 Refd 1.00mv__ 4.00ms |ui[16.80 %
830V
800 V
o1V N

EE [ 4.00mv 4.00ns |[16.80 % |



Experimental resultsof TCT current pulse shapes on samples after 1 MeV
neutron irradiation and 5.5-month RT reverse anneal:
a) no gamma radiation during the anneal (control)

1480-13, 1.5x10% n/cm2 (5.5 month RT anneal), MCZ n-type Si, p*/n/n* structure 1480-13, 1.5x10%* n/cm? (5.5 month RT anneal), MCZ n-type Si, p*/n/n* structure
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Experimental resultsof TCT current pulse shapes on samples after 1 MeV
neutron irradiation and 5.5-month RT reverse anneal:
a) no gamma radiation during the anneal (control)

1480-14, 3x10'* n/cm? (5.5 month RT anneal), MCZ n-type Si, p*/n/n* struclt‘llJre 5 1480-14, 3x10 n/cm?2 (5.5 month RT anneal), MCZ n-type Si, p*/n/n* structur
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Experimental resultsof TCT current pulse shapes on samples after 1 MeV
neutron irradiation and 5.5-month RT reverse anneal:
b) with gamma radiation during the anneal

1480-5, 1.5x10%* n/cm2+500 Mrad gamma (5.5 month RT anneal),
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Double junction, and SCSI seen . eq Tek?t%%blf |unct|onl,ﬁand SCSl seen

v L B B % é’dUUU“\\f', : : ‘“tOIGtranSIGHt @ 60.0pV
: : : : i@: . m e 143

... |1 Elect A 14308 “After gamma and RT jfe: “i30ns

S I @ T |ireverseanneal ..

500 Mrad gamma

radiation causes 382V [T
no V4 Increases in 238V
5.5 month RT 190V RZ

141V k2
60V reverse anneal ! 03V
40V : : : i : : : :
30V Chl 1.00mve | M[4.00ns| Al Ch1 + 1.34mv|
o1V 1 Apr 2008
Vie V) e EE [ 1.oomv 4.00ns |i[16.60 % | 14:45:03
Al 0,00V 1480-5, 1.5x10 n/cm2 (22 d RT anneal), MCZ n-type Si, p*/n/n* structure
; ; ; : 1@ 100uv
. : : : . : Laser front, electron current from p*to n*
EIeCtron _tranS|ent 4 AL 14308 Double junction, and SCSI seen
: : : : : @: —14.0ns Tek Prevu b |
: . : v SRR A: 40.0uv
AN 1 . :
After gamma and RT - |. 4 " Electron transient je -teov
. - . . ' . L - . : .8ns
re:vers:e anneal : : 3 [ @: 87.4ns
rE— rr—— :1. o : i : BeforegammaandRT ‘
. ﬁ : reverseanneal @ Ch1 Area
T 8 0 M 8 O 0 0 O S '\ ....... - . . . - 71.59pVs
S “
265V ey S
246 'V £ e A 167V
227V T =
: : : : ; R 158 V
208 V Rt J148 v
188 V §
: : : g : : : E K X . B e X X 138V
Chi1 5.00mvQ | M[10.0ns| A Ch1 # 5.90mv @l 2.00mve I M[10.0ns| A Ch1 7 3.36mV Vyg from C-v
1Apr 2008 Ref4 2.00mV 10.0ns |i5[12.20 %

[ 5.00mv 10.0ns |ii[12.60 % | 14:06:05



1480-13, 1.5x10'* n/cm? (5.5 month
RT anneal), MCZ n-type Si, p*/n/n*
structure

1480-5, 1.5x10'* n/cm? +500 Mrad
gamma (5.5 month RT anneal),
MCZ n-type Si, p*/n/n* structure
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CV data confirms that 500 Mrad gamma
radiation suppresses/compensates the RT

reverse annealing 12



Experimental resultsof TCT current pulse shapes on samples after 1 MeV
neutron irradiation and 5.5-month RT reverse anneal:
b) with gamma radiation during the anneal

1480-16, 3x10'* n/cm2+500 Mrad gamma (5.5 month RT anneal),

MCZ n-type Si, p*/n/n* structure
Laser front, electron current from p*to n*

Double junction, and SCSI seen

MCZ n-type Si, p*/n/n* structure
Laser back, hole current from n*to p*

Double junction, and SCSI seen
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‘ Discussion \

Table | Voltage at the equal double peak ( Vpp ), full depletion voltage (Vig), and Ne for n-type MCZ Si
detectors after neutron and gammairradiations and RT anneal . Before any irradiation, Vigo = 350V, Nefio
=2.88x10%/cm®. Negative sign in Ne means negative space charge ( -SC).

Gamma Dose
After nirrad.,

During As
Neutron | 5 5 months Irradiated
Fluence RT anneal 6.6 hours
Sample # (neq/cmz) (Mrad) RT Anneal 22 Days RT Anneal 5.5 months RT Anneal
Vpp A\ Netr Vop A\ Netr Vop Vg Netr
) ) cm™> |\ ) (cm™) ) () (cm™)
1480-5 1.5x10* 500 227 276 -2.3x10*?| 138 177 -1.5x10*?| 130 170 -1.4x10%?
1480-13 | 1.5x10™ 0 227 275 -2.3x10*?| 150 187 -1.5x10*| 354 400 -3.3x10%?
1480-15 3x10* 0 - - - 412 507 -4.2x10" | >1000| =>1100 |-8.9x10%
1480-16 | 3x10™ 500 612 782 - 417 508 -4.2x10"?| 440 508 -4.2x10"?

Red : Reverse anneal

GREEN: Rever se anneal suppression/compensation

Thereverse annealing in samplesirradiated by gamma at 500 Mrad is
completely suppressed, regardless of the neutron fluence!
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‘ Discussion \

Table Il ChangesinNegr during the 5.5 month RT anneal.

Neutron Gamma Changes in Ne Reverse +SC would have
Fluence dose after n- duringthe5.5 annealing been generated
(neq/cmz) rad,, duringthe| month anneal | suppression | with gammarad.
5.5 month (Mrad) alone
anneal (Mrad) (cm’®)
1.5x10* 500 +0.1x10% Completely +1.5x10%
3.0x10"* 500 ~0 | Completely +1.5x10%
1.5x10" 0 -1.8x10% No -
3.0x10" 0 -4.7x10% No -

0 The positive space charge created by 500 Mrad gamma radiation would
approximately compensate the negative space charge in the sample
irradiated by 1.5x10 ng,/cm?

o But it istoo small to do same for the sampleirradiated by 3.0x10* ng,/cm?
o Thispointsto some interaction between defects generated by gamma and
that by reverse annealing in n-irradiated samples 15



‘ Summary \

o SCSI and double peak/doublejunction in n-irradiated MCZ Si
detector s was confir med

0 Subsequent gammairradiation up to 500 Mrad in a 5.5 month period
caused complete suppression of the rever se annealing, which happened in
control samples (no gamma radiation)

o Thissuppression isindependent of the neutron fluence (from 1.5
3.0x10™ ng,/cm?)

0 Thispointsto someinteraction between defects generated by gamma
and that by reverse annealing in n-irradiated samples

0 Moresystematic studies have been planned to confirm the effect

16



