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Development and Experimental Application
of Sample Temperature Measurement and Control System
for Accelerator-based Single Event Effect

CAI Li, LIU Jian-cheng, FAN Hui, GUO Gang”* , SHI Shu-ting, HUI Ning,
WANG Hui, WANG Gui-liang, SHEN Dong-jun, HE An-lin
(China Institute of Atomic Energy, P. O. Box 275-18, Beijing 102413, China)

Abstract: In order to meet domestic demands of studying the relationship between tem-
perature and single event effect (SEE) cross-section, a device under test (DUT) tem-
perature measurement and control system was developed based on Beijing HI-13 tandem
accelerator SEE irradiation facility. The DUT temperature could be measured and con-
trolled within the range of 90-450 K, and its control accuracy is better than =1 K. To
verify the reliability of this system, the relationship between temperature and single
event upset (SEU) cross-section was investigated in 150 nm thin film transistor (TFT)
technology SRAM in the temperature range of 215-353 K. The results show that the
SEU cross-section increases with temperature, and it is consistent with the theoretical

expected result.
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Fig. 1 Block diagram of elevated-temperature

measurement and control system
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Fig. 2 Block diagram of low temperature

measurement and control system
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Table 1 Control results of 300-450 K DUT

temperature measurement and control system

B E /K EERE/K BURE/K  FRdnE/K
313 313.5 312.7 0. 11
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Fig. 3 Control results of elevated-temperature

measurement and control system
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measurement result
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Table 2 Control results of 90-300 K DUT

temperature measurement and control system

BOEWE/K  EmiiE/K BRRE/K b2 /K
100 100. 12 99. 92 0.03
150 150. 06 149. 94 0.02
200 200. 06 199. 95 0.02
250 250. 06 249.95 0.02
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Fig.5 Measurement curve

of low temperature measurement and control system
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Table 3 Temperature difference between plastic
package chip surface and sample holder

at different set temperatures

i T A I JEZit B M AL
BEE/K HRE/K i % /K B 2% /K
= 298.61 297.76 0. 85
273 273.32 273.33 —0.01
250 249.91 250. 40 —0.49
220 220.02 221. 68 —1.66
200 200. 04 201. 63 —1.59
180 180. 52 182. 22 —1.70
140 139. 24 154. 66 —15. 42
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Table 4 Temperature difference between ceramic
package chip surface and sample holder

at different set temperatures
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% it 298.55 297.73 0.82
273 273.06 273. 64 —0.58
250 249. 81 251. 50 —1.69
220 220. 00 223. 15 —3.15
200 200. 16 203. 11 —2.95
180 179. 54 185. 30 —5.76
140 139. 24 166. 05 —26. 6
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Fig. 6 SRAM SEU cross-section at different

temperatures for 157 MeV Cl ion incidence

4 NG

ARSCHFSE T B2 AR BEOR B R RE L LR
T D 4 5 L R ) R IR (90 ~ 300 KO fY 52
EUUE 53 NI 0 =RV AR Tl e Rl I T A A 4
WEFE AR TR B R, SE T 90 ~
A50 Kyt [ P9 45 05 . &R 48R B P R
WFE1K, MHZAGSFET AEEET
SRAM 5% W 4% B8 52 35 #fF 5¢, Wl it T SRAM
SEU #& Iff Fifi i B2 (9 48 {6 OC R, S0 g0 25 AL 5
T 25 R — 2

B30k

[1] KOLASINSKI W A, KOGA R, SCHNAUSS E,
et al.
up and bit errors in CMOS devices [ ] ].
Trans Nucl Sci, 1986, 33: 1 605-1 609.

[2] TRUYEN D, BOCH J, SAGNES B, et al. Tem-

The effect of elevated temperature on latch-

IEEE

perature effect on heavy-ion induced parasitic
current on SRAM by device simulation: Effect on
SEU sensitivity[J]. IEEE Trans Nucl Sci, 2007,
54. 1 025-1 029.

[4]

[6]

7]

L8]

[9]

[10]

[11]

[12]

ture Schottky TTL latchup[J]. IEEE Trans Nucl
Sci, 1978, 25 1 538-1 544,

STAPOR W J, JOHNSON R L, XAPSOS M A, et
al. Single event upset dependence on temperature on
an NMOS/resistive-load static RAM [ J]. IEEE
Trans Nucl Sci, 1986, 33: 1 610-1 615.
MATTHEW J G, JONATHAN R A, BALAJI
N, et al.
nMOS and pMOS transistors in a 65 nm bulk

Single-event transient measurements in

CMOS technology at elevated temperatures[ ] ].
IEEE Transactions on Device and Materials Reli-
ability, 2011, 11, 179-186.

LARID J S, HIRAO T, ONODA S, et al. Tem-
perature dependency of heavy ion induced current
transients in Si epilayer devices[J]. IEEE Trans
Nucl Sci, 2002, 49: 1 389-1 395.
GUO G, HIRAO T, LARID J S. et al. Temper-
ature dependency of single event transient current

by heavy ion microbeam on p-/n/n-+ epilayer

junctions[ J]. IEEE Trans Nucl Sci, 2004, 51:
2 834-2 839.
TRUYEN D, BOCH J, SAGNESS B, et al.

Temperature effect on heavy-ion-induced single-
event transient propagation in CMOS bulk 0. 18
pm inverter chain[J]. IEEE Trans Nucl Sci,
2008, 55: 2 001-2 006.

MATTHEW J G, JONATHAN R A, VISH-
WANATH R, et al. Temperature dependence of
digital single-event transients in bulk and fully-
depleted SOI technologies[ J]. IEEE Trans Nucl
Sci, 2009, 56 3 115-3 121.

MATTHEW ] G, JONATHAN R A, BALAJI
N, et al. Increased single-event transient pulse-
widths in a 90 nm bulk CMOS technology operat-
IEEE Transac-
tions on Device and Materials Reliability, 2010,
10: 157-163.

CHEN S, LIANG B, LIU B, et al.
dependency of digital SET pulse width in bulk
and SOI technologies[ J]. IEEE Trans Nucl Sci,
2007, 54. 889-893.

LIU B, CHEN S, LIANG B, et al.

ing at elevated temperatures[ J].

Temperature

Temperature
dependency of charge sharing and MBU sensitivi-
ty in 130 nm CMOS technology[J]. IEEE Trans
Nucl Sci, 2009, 56 2 473-2 479.





