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Single event latch-up and damage mechanism of analog

front-end for satellite-borne polarization camera

Yao Pingping'?, Tu Bihai'?, Zou Zhengyu'?, Xu Zhilong'?, Zhang Aiwen'?,

Sun Liang"*’, Luo Donggen'?, Hong Jin'?

(1. Anhui Institute of Optics and Fine Mechanics, Hefei Institutes of Physical Science,
Chinese Academy of Sciences, Hefei 230031, China;
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Abstract: Single event latch-up (SEL) effect is one of the major factors that induce the failure of space-borne
remote sensing instrument. To clarify the mechanism associated with the deterioration of polarization remote
sensing camera induced by space high-energy particle radiation environments, the experiments were performed on
the analog front-end signal processor of the directional polarization camera with heavy-ion and pulsed laser, for
the purpose of identifying the single event effects sensitivity and providing technical guarantee for engineering
design and test evaluation. The experimental results indicate that the analog front-end signal processor is
susceptible to the SEL effect induced by heavy-ion, the linear energy transfer (LET) threshold is around 4.4-
13.4 MeV-cm*mg'. Aiming at the low LET threshold, a design method of high power anti-latch up current
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limiting resistors in series to the analog and digital power supply terminal and the timing power on and off scheme

was proposed. The results reveal that this method can effectively avoid the over-current burnout of the device and

instrument failure caused by SEL. These research results provide significant reference data for the radiation-

proofing design of analog front-end signal processor for the satellite-borne polarization camera and the

experimental methods for single-event simulation on the ground.
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Fig.3 single-particle online detection system. (a) Principle block diagram; (b) Photo of AFE in radiation field
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Tab.1 Ion parameters of heavy ion irradiation test

Ionspecie  Incidentangle ~LET/MeV-em*>mg"  Energy/MeV  medium range/um  Flux/ion‘cm™s™  Experimental environment
Ge Vertical 37.3 208 30.3 10900 Vacuum tank
Cl Vertical 13.4 150 42.8 13500 Vacuum tank
F Vertical 4.4 100 72.7 25400 Vacuum tank
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Tab.2 AFE test data of heavy ion irradiation

Ton LET/ Flux/ Working current of

Limiting current of

Dynamic Qualified

specie  MeV-ecm*mg' Ton-cm %5’ the device/mA power supply/mA output signal or not Conclusion
Initial 0 0 49 500 Around 4BOH Yes The chip is normal
Ge 373 10900 371 500 Around FFFFH No SEL occurred
After Ge 0 0 49 500 Around 4BOH Yes The chip is not damaged
Cl 13.4 13500 297 500 Around FFFFH No SEL occurred
After Cl 0 0 49 500 Around 4BOH Yes The chip is not damaged
F 4.4 25400 49 500 Around 4BOH Yes The chip is normal
After F 0 0 49 500 Around 4BOH Yes The chip is normal
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Fig.4 Pulsed laser single event test. (a) Experimental site; (b) The processing flow

WOGERL T 1B 1 00 B S5 R NS 3 B . i3k 3

AlAL, 24 AFE 0 B & A e B A RS 4EFF 95 min
Jo, ST PR R &, o E S AT W

AR REIE W T AR, U 25 A7 f IR %, [R5 A%
BIbw o B AE PR AR B A I D0, o A
BIE AT ARBE S B R (BIUE FRURZESFTE 11 mA),

R 3 AR TR HE

Tab.3 Test data of pulsed laser irradiation

LET by Laser 2simuillation/ Number Digital power Analog power Internal r.egis..ter Image Conclusion
MeV-cm™mg of tests current/mA current/mA communication output/DN

0 Before test 1 37 Normal 823 Normal

75 First 11 496 Abnormal 16383 SEL occurred
Maintain SEL 95 min Laser stop 1 496 Abnormal 16383 SEL occurred
Power off and restart After test 1 37 Normal 826 Back to normal

37 Second 11 510 Abnormal 16383 SEL occurred
Power off and restart After test 1 37 Normal 826 Back to normal
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Tab.4 Increased power consumption

detector after SEL of the AFE

of optical

Item Value

Increased power consumption of AFE after SEL/W 1.136

Increased power consumption of LDO after SEL/W 3.234
Increased power consumption of FPGA after SEL/W 0.5

Increased power consumption of DC12V after SEL/W 0.158
Increased power consumption of DC5V after SEL/W 0.301
Increased power consumption of circuit box after SEL/W  5.329
Increased current of primary power supply after SEL/A 0.175
Total current of primary power supply after SEL/A 0.529
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Tab.5 Calculation results of working temperature after SEL

Device Heat consumption Junction-to-case thermal Simulation case Max junction Level derating Accordance
after SEL/W resistance, &y /°C- W' temperature/°C temperature/°C requirement/°C
AFE 1.38 22 54.2 84.6 <85 Yes
LDO 3.57 2 432 50.4 <385 Yes
FPGA 0.8 6.3 49.6 54.6 <385 Yes
H 3% 5 Al 24 AFE S K A€ J5, AFE S i R TAEIEH
Feliib B 54.2 °C, 5T HN BL45 TR N 84.6 °C, £k s = @
=A

PR TR 2% 72 R 8 B 43.2 °C, X 45 N 50.4 °C;
FPGA i Fi 72 i35 %) 49.6 °C, Xif B 451l 54.6 °C, FF
A B R — R R, R A BE J AFE S
B BE S XU

o5 LT, WOt R B R g R, kA
BARLF 4 B AFE S S TR A AN 23 R AR R
HL I8 S5 RS, {EL AR DA Fb, i IR 3 P, BEL 194 2 2305 34 3]
0.7 W, i1 T 1206 35534 iy BH A9 450 & ThAE . A By 1k i 3
FERNAYE B B3 P BEL S b 55 . AN B RV T A 1
O, T AR 45 A 0L A rl i R 97 P, L B 46k A [ BEL
B 1 W A D3 e T o v BEL , 8 DR 7 1 0 PR
UL P BELAn SR R AR B S5 AN R 5, DR S 0L 1 v

22 #8941 10 AGASCTE 900 30 i) 8 368 174 2 i) vy AL
THE5 R i T 7 A SR T RN . B B T R
a5 RN, 200 B2 A ARG ] RS RT o {5 5
A PR 0T T 175 A I B 2800 LG R REUER, RS
Bi5%E LET B EAL T 4.4~13.4 MeV-cm®>mg ' Z [[], ik
RO BURE B i g 45 R e B, ML iy o & A B
FE I H B RS LE R 95 min J5, o5 A A BB,
AL 3 B0 R R 510 mA, BT B E LN
11 mA, R0 i 2E 47 W7 v J A A7 e J TR ]
PR S TE R, 0 R E R TAR o B RS 4DL i i
A3 FT LET (5B i AR AR PR 2, SR SRR 00 Ak v, o 1 50 7 A1k
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