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Current resear ch:

e Evaluateradiation level in LINAC |l and compareto environment expected in EU-XFEL/TESLA

 Determine Single Event Effects (SEES) in electronicsrepresentative for EU-XFEL/TESLA LLRF
(SEE in memory: data, configuration and logic)

* Determineradiation impact on different kinds of electronic components

* Develop redundancy concepts and evaluate performance in presence of radiation

Tasksto perform:
 Determine Total lonizing Dose (TI1D) effects
- measurement of leakage current (supply current to various chips)
- malfunction of components (per manent damage)
o Carry out fault tolerant softwaretestsin radiation environment
e Predict performace and life-time of electronic componentsfor EU-XFEL/TESLA experiments
 Develop criterionsfor radiation tolerant hardware
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Figure 1. Relative light output of GaAs LED
Irradiated with 60Co gammarays (Eg = 1.25 MeV)
and fast neutrons (E, = 16 MeV) from a Medical Cyclotron.

TLD Glow-Curve Analysis
The AlLLO, (TLD-500) dosimeters possess very low

sensitivity for neutrons (B. Mukherjeeand A. C. L ucas,
Radiat. Prot. Dosim. 47(1993)17/7) and are highly
responsive to gamma rays. The Computerisec
Curve Analysis (Y. Horowitz and D. Yossian,
Prot. Dosim 60(1995)21) method was used to iso
high temperature glow peak of the TLD-700
dosimeter (B. Mukherjee, Nucl. Instr. Meth. A 385
(1997)179. S. Miljanic et al. Nucl. Instr. Meth. A 519
(2004)667) and correlated with the neutron KERMA In |\ \qer  the HT (300 °C) peak
‘LiF (TLD-700). Theresultsare shown in Figure 5.
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Radiation effectsin semiconductors and radiation dosimetry

Isplacement) damage as well as Single-Event-Upset (SEU) in semiconductor devices. On the other hand, the damaging effect of photons is many order magnitude
ux of Photoneutrons is produced near the Linac-2 (Figure 2) aswell as TTF-2 linac mainly via the Giant-Dipole-Resonance (GDR) process (V.Vylet and J. C. Liu,
Ith. Phys. 35(1978)353). Some typical photoneutron spectra relevant to present work are shown in Figure 3. We have developed two types of passive devices using:
(a) Thermo-Luminescent-Dosimeter (“Li1F and Al,O; dosimeter pairs) and (b) Light-Emitting-Diodes (GaAs) to explicitly estimate the neutron and gamma KERM A-doses. The neutron fluence (energy spectrum) and
KERMA (Kinetic-Energy-Released-in Matter) coefficientsfor GaAs (A. M. Ougoug et al. |[EEE Trans. NS. 37(1990)2219), Sl and 7LiF (R. S.Caswell et al. Int. J.. Appl. Radiat. | sot. 33(1982)1227) were used to calculate
sof interest (Figure4) and correlated with corresponding radiation induced damage.
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Figure 2: Theirradiation set up in
the Linac-2 Tunndl.

Figure 3. Photoneutron spectra of 1 GeV electrons produced
INn some important accelerator building materials.

Calibration of the LED Dosmeter

Figure 4. Neutron KERMA coefficient KE)
IS plotted as a function of neutron energy.
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The Yellow GaAs LEDs were irradiated with high energy We have successfully evaluated the neutron KERMA dosein

iy .
i, neutrons from a Medical Cyclotron (Figure 1). The Light Semiconductor components caused by photoneutrons
, £ attenuation of the LED (Figure 6) was measured with a digital Produced in a thick Tungsten positron generating target.
£ ; photometer (Dom|n|k Rybka’ M.Sc. Thesis project’ under Neutron KERMA was evaluated USingthedeCOanUted TL-
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prepar ation). Glow curve (Figure 5) and the light attenuation curve of

izor § L;Lg R — oy L EDs (Figure 6). The dosimetry techniques are summerised
) Tempere G e L5 | in the Table 1:
S 10807
. I . - Important features Photoneutron Dosimetry using

(7L|F) Flgure 5 The TL gIOW Curyes Of § iﬁ | Sy of the Dosimetry methods TLD LED
TLD-500 and TLD-700 chips and S 100 | ylelem( | Device Sensitivity High Low
i C =97e01 Read-out method Indirect Direct
deconvoluted high-temperature (HT) Cost of the Sensor/Detector Low Low
. B ‘ | ‘ ‘ ‘ ‘ Cost of the read-out Instrument High Low

peak of TLD-700 dosimeter. The area 055 08 QD 02 0% 0% 0B 10

R eative Light Attenuation

proportional to neutron dose.

IS Table 1: Two dosimetry methods devioped for the

Figure 6: The Calibration curve of the LED dosimeter. e
estimation neutron dose produced by the photoneutrons.

The graph isfitted with a power function shown inset.
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1 Mbit SRAM memory test (10.12.2003 - 12.12.2003)
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NIEL (Non-lonising Energy L oss) and SEE (Single Event Effects) in electronic components

On-line memory exper iment
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NVSRAM memory experiment

L Mbit SRAM memory test (12.12.2003 - 17.12.2003)

30

haaet

i

T PIA '—I;__r-

Etrors

|

|

Number of errors and PIA current
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Results obtained for SRAM memory

Electronics for High Energy Physics Group,

Warsaw, Poland

Institute of Electronic Systems,
Warsaw University of Technology

13/00:00:00 14/00:00:00 15/00:00:00 16/00:00:00 17/00:00:00
Day/Hour:Minute:Second

Memory placement in Linac Il chamber

250

200

150

100

50

In High Energy Neutron/Gamma mixed radiation field
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Light output measurement aparature

256kB NVSRAM Memory test, 02.24.2004/13:00 - 02.24.2004/19: 10
7 30

S %;'f— | "pia" u l:l'?_ =
| 250
| 25 | “ F 225 d
, T \ i
1‘ g.ll ¥ I.‘_ i‘|,,| i | My YT N-.'I!i.,; \ ||'. -'l', 'I‘L'-,,n i i|| 200 //
, 20 + I"l l'-.|i W N l-':r,-v“l‘ | ‘ % 175 ~
1 E [ ‘ L = 150
- J = BT | I I I | | 2 125 v -
| | E | | | | § 100 / / A
| 10 | I | > 75 e
| { = rd
* || - al
! i | i‘ R 25 — —
t i‘l | |H ‘ | 0- — ‘ ‘ 1
0 . Il Ll | e b 0 10 20 30 40 50 60 70
i ‘ 24/13:00 24/14:00 24/15:00 24/16:00 24/17:00 24/18:00 24/19:00 Diode forward current [mA]
Days/Hour:Minute 2500 A 20 ;
. . i Avarage light output of LEDs
PIA current while experiment 220 AN LTk [ ge g P .
2000 l T\ 16 after irradiation runs (postion LED-1)
1750 I = 7 14 g g9 I 1
155 ﬁ ) " R
, L — — — —
1250 | / 10 ® ® ® ® c
/| 1 L M MO M O 5
g 1000 i / | 8 S 2 S 3 =
: A [ - S © & S g
% R . g 338 § B 9«
£ S00 T~ A\\ VNN = 5 ¥ § S & 2 0B -
Z 250 \J \/ 2 = S 4 2 3 3 - 8
/ f E ©® o8 ® & =2 =
. 0- | = = S 9 9 8 3 © E
83833883838 3833883883383 838383883888 5 N o o = = g
| SHREES R EEEEEEEEEEEEEEEEE: & 5 8 8 8§ £ © 3
R EEEEEEEEEEEEEEEER. = S & 9 8 3 g <
. . O © © o O o O -
NV SRAM with attached dosimeters AR ate T control 6464 100 0.00
1% run X 20.80 0.32 792.89
SEU number / day \, PIA / day 2" run X X 6.00 0.09 6824.42
Irradiation Accumulated N-KERMA in: N-KERMA in: SRAM Error 3rd run X X X 4.80 0.07 9000.60
Time PIA Charge LiF [mGy] Si [MGy] (SEU) . ' ' '
13.10—16.50 246 202 78 198 (256K B) 4%run X X X X 280 0.04  12566.65
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Number of NVSRAM errorsrelated to the accumulated
PIA. Charge and Neutron KERMA in ‘LiF and Si.
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