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Simulation of the influence of shielding layer’s thickness on
charging hazard of circuit board

YU Xiangqian', CHEN Hongfei', WANG Jianzhao’, ZONG Qiugang', SHAO Sipei’, ZOU Hong', SHI Weihong',
JIA Xianghong', ZOU Jiqing', ZHONG Weiying', CHEN Zhe'
(1.Institute of Space Physics and Applied Technology, School of Earth and Space Sciences, Peking University, Beijing 100871, China;
2.China Academy of Space Technology, Beijing 100094, China; 3.513 of CAST, Yantai Shandong 264003, China; 4.Space Medicine and
Medical Engineering Institute, Beijing 100094, China)

Abstract: Deep dielectric charging and discharge is one of the most harmful factors for spacecraft. In
this paper, by using GEANT4-RIC method, the deep dielectric charging electric field of 2.0 mm thickness
circuit board is calculated under the worst-case internal spectrum in Geostationary Earth Orbit(GEO) from
NASA4002A. The simulation result shows that the maximum dielectric charging electiric field decreases
exponentially with the increasing of the thickness of the shielding layer. When the thickness of the
shielding layer is above 1.4 mm Al, the maximum electric field is below 10°V/m, which shows no deep
dielectric discharge hazard.

Key words: deep dielectrics charge and discharge hazards; double grounded circuit board;

Geostationary Earth Orbit; Geant4-RIC method

TDREBZEN R RIE S 0] P A S e ok 7508 DA . S AER &8 5e, i A BRI AR
[i) b P 0 246 2% )22 5 446 2 A T o NS AR O e o @ ST L 3 e AR . M s F B A T RE R A2 Y i K L g
(R B E R 3 ) B 3 4 2 A CRE o BCHR BT 77 A 1) FRL R K o B A B TR = T IR A E L T R e, XA TR, TS
BERAEME, BEEM D RSN, TREEZN R AR GFE L Em AL EEE™E, FEEHTREZERIE
] i A A AR R R SRR Y TR 2 A R T R S R AR R TR LI AT o6, Hih, GEO(HE
BRI H3E , 35 800 km) L iH J2: 32 W2 A ot 78 Bl Ain R0 0 £ 3 0 ™ i X4k X 1973 4 & 1997 4F LR MR ok £ 4
KGT, R 299 Bl B, ARSI EREEA 162 6, Hd, mIEZN T & R B E A
T4 ), 205 BT SR R 45.7%, SEHEETE R TR S0 25% )2 S SO R, R SR
J2FE R B BRI A B TR RE R BCA 1E R R, TR 2 A I TS CH BF 5 TR R DR

KFEHA: 2015-01-19; fEEIRHEA: 2015-03-03
HEWH: FERARRAEST FRBIWH@1374181); ERERRIANEHZ ST & L 0¥ B H (2012YQ03014207)



242 KMZMESEFEEFR 55 14 3%

EIBITREREE,
1 GEANT4-RIC Fix

B =R = il - R Sl o el 151 B S =i 2 N Rl T
CRRES(Combined Release and Radiation Effects Satellite) T & AYTE . —
Y U 0 E T VRS20 R A PR 5 i B P T 4 S SSES SSS88 U v
PERLA A R AR L 2 aE TR M 52 R RN AR AT, HE 10° et =
AU R AL, — 5, Wi TSR0 B sk
TEN Brh UURE N B g5 53— 7, WA N L 3 AR
DI R R N TR L e S | R TIR ARE E tE  7 v
T sh & V1 . Geant4-RIC(Radiation Induced Conductivity)J7 &+ H

flux/#e/(cm?-s/sr)

FIFHE AT T2 A TR 9 M B URIF 9 10 B B v L 1 S X A T R R e 0.1 1o 100
JE AT HRA -k H LR B T R R T RE AR M IR A, R Hymgﬁgﬁﬂﬁdﬁo
JH Monte Carlo #4431 Geant4 #4025 [6] 5 G B T 724 i v 19 5 18 1 GEO #iHi S B4 5 T it 1011
SRR, A EIA B P B G R R TR L, R A S BURLT R

R Y (RIC AR HL A 5 v v 37 55 g B o Bt B[R] 9 A8 40, 75 3]
I JBR PR B TR 2 7 E PR 1N
% 1 FR4 BT

) 17:—1- E ﬁ *ﬁ Tablel Elements and their mass percentage of FR4
elements H (6] C Si
# A 9 0 . 9 0 g 9 0 . 9 0
2.1 ’iﬁ)\%éﬂlﬁ’\]ﬁiﬂl mass percentage 36.3% 43.1% 14.8% 5.8%

Ph GEO #iE A HFrixit il , #I3E E E % W% i X ) (National Aeronautics and Space Administration,
NASA)4002A 4§19 GEO HUiE B B4 E 0N M FREIEE N i A S48, HBU ek i 1 R, AT X
b, B AR T RS B B -l 5 AESmin. B RE B A ) [R)E AAT

% 2 FR4 PyRFsE
Table2 Physical characteristics of FR4
plkgm™)  p/(m*V7>s?)  p,/(Cm?) 0,/(Q7 m?) g(Fm?)  Ki(sQ?m?rad?) o5 A
1.78x10° 5x10°"° 4x10° 5x10°'° 4.2x10° %2 3x10°'° 1 1

AR R EECH 0 mm,0.5 mm,1.0 mm,1.5 mm Fl
2.0 mm 45k Al HLERARBORLR A FR4 A5, JEERE kLS
&) FF B BB 1 S JEEE 2.0 mm ., AR SR L UJZ B
IKZEERARANZEE SRR EEAE B 30 pom, H#
Moo SEPR 2 )2 AR — R U2 RN TR ER A A, B R
e T B P B — /N T 100 kQ, S [ R R T
(75 L AL R — o pA RN, AE 100 kQ HLBH | B FERE /N

%)
=3

g
W

g
=)
T

—_
=1
T

maximum electric field/(10’V-m™)
2 o

T uve SHGA B HBAR L, O H A B AT LA 22 0T 20 w0 e s 0
W, FEBFE D, B KA LR R A B ol o Fig.2 Max electric field vs. time without shielding
K FR4 A BT TR A58 1 i, Y3k an sk 2 Pl 2 JERFHCIRAS T P B H SRR T 5
Jrs o Horbr, g A S 3R Y H e R RS TS j
22 BMMERBITR 5f

2 T AR AT . AT A 8 o B B ) =
(84l FWIFE A R — R T, B R E R R ER
i ot

3 KRR AT L A oA Lol 8B A0 O 1 _ _ _ |
WA, T3 ATLAT I, AR G 4R R 0o o5 oI5
AR E T . B 4 A TR T, A By B4 A Fig.3 Saturated potential vs. depth of FR4 without shielding

P 3 JCBF R N A BN A B S A BRI ISR 5



%2 TEa%: RiBEENBEIRFERNIFHES 243

LI B TR BE A1k, B 17 ML) ) 25 () i A RE TS 2R 1E T, A BB TR A sE ek o il 4 TR, f A
LA IEA G, A RE e RAE S TP AE o R 2 0, s o7 A T 18] o7 B BT 30T

TEA RS BERAS T, A B N AR K L 35 B 5 B iR I G R B AR, R B E A stk .
Bl 5 R 6 nl LU, BEE BEOR IR 3G 0, v Jot P9 e K FL 37 i 2 R R R R A o P b AT B i, T LA
FHEN S0 N T iR K L 38 By AR KL EY U 5 BUGR IR RS d IR AR

~1.035 94+7.448 4
Enax=10

(1)
(2)
NASA i B TR 2 A G 75 i (1958 5 F M —NASA4002A B . AT HBIREN TR Z4, A RN HE

WEART 4 x10°V/mt", WAL KR (European Space Agency, ESA)TR; TR )2 A 5 56 i B i35 5 T8 i
A A R L E<10° V/m B B LB, 10° V/m<E 0y <107 V/im B BAT WAL XU, Epa>107 V/m U
S TR L E pa=10° V/m 1 Ry S 75 7775 T Z A BB AU B4R T o H Emax=10° Vim AR AR ()P 15, 4%
BB d>1.4 mm FFRL AL B, 2 mm ORUIHT 2 M AR AR A7 AR TR ZE A OO RS o DR R, A TN e R H
Umax<282 Vo

_10-1.057 3d+3.929 7
Upnax=10

3.0 ‘ ‘ —; 7.5
~ 25 % 7.0
§ 2.0 265
b Q
8 1.5 g 6.0
3 2
3 1.0 55
o 05 3
£ £ 59
51 0 X
s os £45

-0. S

o0 4.0 . ‘ . . .
-1.0 ‘ =
03 o s 2.0 0 0.5 1.0 1.5 2.0 25 3.0

depth/mm thickness of shield/mm
Fig.4 Saturated electric field vs. depth of FR4 without shielding Fig.5 Saturated electric field vs. different thicknesses of shielding layer
& 4 JEBRmOIRAS T A B AT -5 A DR BE 5 5 P 5 AR BERRSERE T, BT AR R L 7R B 5 o S E 1Y) DG R I 4%

3 #ie

AL GEO #iiE R H s By it #iiE, L
NASA4002A FH#:H A GEO #il %4 L FRETE/E N
Wik A S50, M Geant4-RIC HEHIIE T To Bt il )58
B 0.5 mm,1.0 mm,1.5 mm M1 2 mm 2530 Al 1T,
ST 5 Hb B JEE B R 2.0 mm F9 R B R VR 2 A B FE L R
i m i, TR AR, B RS B
RN KRR KBRS Uy SHKEE 4 G00F
KR

Ig 10(maximum potential/V)

E (1035 9d+7.448 4 0.5 1.0 L5 20 2.5 3.0
max thickness of shield/mm

Fig.6 Saturated potential vs. different thicknesses of shielding layer
2R R T 1.4 mm %55 ALRF, SR AL/ 6 AIFFHHERE T, A A R L4 5 7 e TR B3 1 56 2R il 2%

F10°V/im, B GIZA TR R . IR A N ek
Eﬁ;*ﬁ Umax<282 Vo

£ 3k

_10)-1.057 3d+3.929 7
Upnax=10

[1] NASA-HDBK-4002A,Mitigating in space charging effects—a guideline[Z]. National Aeronautics and Space Administration,
Washington,DC 20546-0001, 2011.

[2] KOONS H C,MAJUR ] E,Selesnick R S,et al. The impact of the space environment on space systems[C]// Spacecraft Charging
Technology Conference,September. 2000.

[3] KIM W, JUN LKOKOROWSKI M. Internal electrostatic discharge monitor(IESDM)[J]. IEEE Trans. Nuel. Sei., 2010,57(6):3143-3147.

[4] FREDERICKSON A R,MULLEN E G,KERNS K J,et al. The CRRES IDM spacecraft experiment for insulator discharge
pulses[J]. IEEE Trans. Nucl. Sci., 1993,40(2):233-241.

[5] GREEN N W,FREDRICKSON A R,DENNISON J R. Experimentally derived resistivity for dielectric samples from the



244 KMZMESEFEEFR 55 14 3%

CRRES internal discharge monitor[J]. in Proc. 9th aircraft Charg. Technol. Conf., Tsukuba, 2005,34(5):1973-1978.

[6] TANG X J,YI Z,MENG L F,et al. 3-D internal charging simulation on typical printed circuit board[J]. IEEE Trans.
Plasma Sci., 2013,41(12):1-5.

[7] KATZ Ira,KIM Wousik. A 3-D model of circuit board internal electrostatic charging[C]// 11th Spacecraft Charging Technology
Conference. 2010:20-24.

[8] LIXC,CHEN HF,HAOY Q,et al. Investigation of electrons inside the satellite by the Geant4 simulation[]J]. Sci. China Ser. E,
2011,54 (9):2271-2275.

(9] EAMEBRS © T Hn 5. 220 mE 2 BB BRI, 2014,44:1-8. (WANG Jianzhao,CHEN Hongfei,
YU Xianggian,et al. Study on internally dielectric charging of multilayer circuit board(in Chinese)[J]. Sci. Sin. Tech., 2014,44:1-8.)

[10] S@RENSEN J. ESA technology research programme space environment and effects major axis[Z]. Engineering Tools for

Internal Charging-Final Report, 1999.
EER N

FEAI(1983-), 5, WEARHT A, ERE LA, TR, FZOF 5 m 23 AR H R B

%% .email:yuxiangqian@126.com.

(FH5524070)

[9] JENN D C. Radar and Laser Cross Section Engineering[M]. Virginia:The American Institute of Aeronautics and Astronautics

Press, 2005.
fEE B
RHAI(1984-), B, LRUAE R, B BWRAE1988-), B, IHREEMIBTA, Wit
+, TR, FEFR W KL gt WM TEW, EZME T mRNHIERL.
K2 . HH¥E 4 K4 .email:lianghongcan@sina. P51 R 4k

com.
& H(1980-), B, WA EETTA, AR,
TREUE, EEHFGT I A ICIR AR 5 4

FERLA(1969-), B, ILHaEmET A, AR, PFRER

BTG, EEWIITE N R O S SRR S R T R f1981-), 5, BALEIIMAA, AR,
B BTG, EEWITE NG Rk A

KRE.



