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3, X AR,

102 o T=293 K

= 10
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Fig. 1. Comparison of the electric field enhanced co-

efficients from different conductivity model.
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Fig. 2. Comparison of the results from three models

and measurement.
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% 18 B WA e e s R ) (77 LA 5T o 28 ),
BRI R A 2 x 107 V/m, Tk BEmd
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Ta, Ty RHFFAAE, 135S ROR WK 3 .

10—

7
g
n
~
© 4 > — — Fitted 1
3 o Measured 1
002" 273K Fitted 2
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Fig. 3. Data fitting performance by the newly pro-

posed model: two groups of data with 1) E =5 MV/m
and 2) £ =20 MV/m.
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WRIEM RS (L REE AR N SE),
e MY o] F T AR S 2 LA 5 M. T4
TR R RIE VG, NG S BUR R, 1X
YEBHON Thrans: Ta, Tv, e M0, A IR 58 4F
MR A MG, e MR HEA TR, HIUE
H IR Z AT REPEA K, B 6 RS2 Cron, G0RTFT
A, FEFT UL 9 IE B N (<100 MV/m), Cob X
L3R B R AT DL RS AT ). BRI, 7 B N
FEEWZHUN Tirans, Ta F1 Ty

DL 3 28 AU & 5 A S 18, S RbR
HSF G RE N 0.4 eV, XTRI Ty = 4.64 x 103 K,
HERFAZEBEBIGEHNHBEREE 0|0 x =
2.06 x 1071 S/m. H%H (1) XFHo|p,,.., &
JE RN BRI, 58 45 R Kl 4 o, B0
fHOLF (1 MV/m), 3311 i S 2R i th &2 &
PR, KA H DL Typans WEEHT A KT 2R E
Ja, B RMIRETNE T ZIZ. ME R mE
FEE, FEARMR X B LT A, kR R R R
IR R, AN R A G R, i H
JRIE, BRI x = CeonCunob BT PR T 1 K,
i H 24 H 50 A B 10 MV /m s 20, %48 Kk
RIE S B SR PRB FFIEH. B, 8)XAH
R P X [R) [5E A H 37 56 55 38 O i, B bR
i, HHIFIRE NS x 107 V/mi, HEE R RUAE
F230 K; 4 E =108 V/m B}, 153300 K. A
Crnob 1 Ceon AR H AL PR LU B, H2CSEI 50 F
P RE AR T > 293 Kol i H B 4>
P R, B Crob| 750 K, E=2x107 v/m = 107
FEANEHL AR X ) SZ R ), RATTA R
MR T . ST SOHR [24] 28 Y 0 SE 6 I AIE IR 1Y
7293 K LA b, TR T AR Crob M Coon
)T HUE [Tonin, Tmax) #3293 K P E, Hh
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AT = 200 K. %7 #t
T — Tmin
f(T) = (Tmax — 293) (1 — exp ( AT))

+293. (10)
10-1
7
g
fj} 10—15 —.
© . .- c— - 1MV/m
. -
o 10 MV/m
o — — 20 MV/m
% 30 MV/m
—19 L - -
10 50 200 350 500

T/K

B4 BRI R A 3 58 FE AR AL O R
Fig. 4. Temperature and electric field dependence of

conductivity by the proposed model.
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10-16 |
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~
©
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....... oA
R —Y

10-26
0

K5 R AR LS (¥R R AL 4 HUA
Fig. 5. Comparison between the two parts of conduc-

tivity after temperature transformation.
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PEFIRE (BP1 MV /m X 2 2R), 2= 300 K AMIK
I 75 KO R L F 3 4300 3.92 x 10715 S/m il
3.48 x 10719 S /m, S [ CHik2h tH 1S58 E0 e v %0,
X TR R A R . I X B P 6 AT 4 15,
JIr 42 AR i AR e AE A 37 TR R 1O T 0 H 3 2 R
BB, A S 5E T R LA R0k B AR A KR 1S A
YA, DRk, A3 ORI DA AR AR Y
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B Ceon, BAEIRAEIIERT, 20 2R 0 1l
RONLAHE IE 4 PR, DASRAS 2145 21 ) HL 3 R AR R
i, PUONARHR T 80 TR EERRAIR, 537500 R 1
FERBOSAN AT REBOR, BAR IO LAY it —

a1 AY 2
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~
S A
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' - - --20MV/m
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1026 = = - =
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Fig. 6. Temperature and electric field dependence of

conductivity by the proposed model with temperature

transform.
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|
g
G 1071
~
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10-15 |

1016 - - -
200 250 300 350 400
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K7 MEERKET (a) Tirans, (b) Ta M (c) Tv R
Fig. 7. Fitting results versus factors (a) Tirans, (b) Ta

and (c) Ty.
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BRURPE AR I B G s RE AN IR AT A
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B, 20T 5 R 1 R v AR L AT 5 B AR
e, A LAHE— P R R AR IR E R IR, XL
L S N SE IR UG .

RPN

[1] LiG C.Min D M, Li S T, Zheng X Q, Ru J S 2014 Acta
Phys. Sin. 63 209401 (in Chinese) [Z5[E 18, BIEHK, 255%
W, FRIRIR, GhiAERE 2014 PIFRAR 63 209401)

[2] Wrenn G L 1995 Journal of Spacecraft and Rockets 32
514

[3] Han J W, Huang J G, Liu Z, Wang S 2005 Journal of
Spacecraft and Rockets 42 1061

(4]

24]

[25]

025201-6

Guo X, Guo C W, Chen Y, Su Z P 2014 Chin. Phys. B
23 076403

Dennison J R, Brunson J 2008 IEEFE Trans. Plasma Sci.
36 2246

Frederickson A R, Dennison J R 2003 IEEE Trans. Nucl.
Sci. 50 2284

Frederickson A R, Benson C E, Bockman J F 2003 Nu-
clear Instruments and Methods Physics Research B 208
454

Rodgers D J, Ryden K A, Latham P M 1998 Engineering
Tools for Internal Charging: Final Report, ESA contract
12115/96/NL/JG(SC), 1998

Rodgers D J, Ryden K A, Wrerm G L 2003 Materials in
a Space Environment 540 609

Sorensen J, Rodgers D J 2000 [EEE Trans. Nucl. Sci.
47 491

Jun I, Garrett H B, Kim W 2008 [EEE Trans. Plasma
Sci. 36 2467

Yi Z, Wang S, Tang X J, Wu Z C 2015 Acta Phys. Sin.
64 125201 (in Chinese) [5 &, T, /4, ® 5 2015
WELEAR 64 125201

Wang S, Yi Z, Tang X J, Wu Z C 2015 High Voltage
Engineering 41 687 (in Chinese) [TFa, &, F/hE, B
di A 2015 B R R 41 687)

Tang X J, Yi Z, Meng L F, Liu Y N, Zhang C, Huang J
G, Wang Z H 2013 IEEE Trans. Plasma Sci. 41 3448
Yi Z, Meng L F, Tang X J, Yuan X X 2007 10th Space-
craft Charging Technology Conference

LiS T, Li G C, Min D M, Zhao N 2013 Acta Phys. Sin.
62 059401 (in Chinese) [ZfE¥, 2 EAH, XEH, Bk
2013 PR %HR 62 059401]

Wintle H J 1983 Conduction Processes in Polymers,
“Engineering Dielectrics Volume IIA Electrical Proper-
ties of Solid Insulating Materials: Molecular Structure
and Behaviour” pp239-354, Bartnikas R, Eichorn R M
(eds). ASTM Special Technical Publication 783, ASTM,
1983

Mott N F, Davis E A 1979 Electronic Processes in Non-
Crystalline Materials (2nd Ed.) (Oxford U.K: Oxford
Univ. Press)

Mott N F 1969 Phil. Mag. 19 835

Amos A T, Crispin R J 1975 J. Chem. Phys. 63 1890
Apsley N, Hughes P H 1975 Philos. Mag. 31 1327
Apsley N, Hughes P H 1974 Philos. Mag. 30 963
Dennison J R, Sim A, Brunson J, Gillespie J, Hart S,
Dekany J, Sim C, Arnfield D 2009 47th AIAA Aerospace
Sciences Meeting Including The New Horizons Forum
and Aerospace Exposition, ATAA 2009-562, Orlando,
Florida,

Adamec V, Calderwood J H 1975 J. Phys. D: Appl.
Phys. 8 551

Minow J I 2007 45th AIAA Aerospace Sciences Meeting
and Ezhibit Reno, Nevada.


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.209401
http://dx.doi.org/10.7498/aps.63.209401
http://dx.doi.org/10.2514/3.26645
http://dx.doi.org/10.2514/3.26645
http://dx.doi.org/10.2514/1.14773
http://dx.doi.org/10.2514/1.14773
http://dx.doi.org/10.1088/1674-1056/23/7/076403
http://dx.doi.org/10.1088/1674-1056/23/7/076403
http://dx.doi.org/10.1109/TPS.2008.2003443
http://dx.doi.org/10.1109/TPS.2008.2003443
http://dx.doi.org/10.1109/TNS.2003.821397
http://dx.doi.org/10.1109/TNS.2003.821397
http://dx.doi.org/10.1016/S0168-583X(03)00885-1
http://dx.doi.org/10.1016/S0168-583X(03)00885-1
http://dx.doi.org/10.1016/S0168-583X(03)00885-1
http://dx.doi.org/10.1109/23.856470
http://dx.doi.org/10.1109/23.856470
http://dx.doi.org/10.1109/TPS.2008.2003440
http://dx.doi.org/10.1109/TPS.2008.2003440
http://dx.doi.org/10.7498/aps.64.125201
http://dx.doi.org/10.7498/aps.64.125201
http://dx.doi.org/10.1109/TPS.2013.2268580
http://dx.doi.org/10.7498/aps.62.059401
http://dx.doi.org/10.7498/aps.62.059401
http://dx.doi.org/10.1080/14786436908216338
http://dx.doi.org/10.1063/1.431576
http://dx.doi.org/10.1080/00318087508228686
http://dx.doi.org/10.1080/14786437408207250
http://dx.doi.org/10.1088/0022-3727/8/5/015
http://dx.doi.org/10.1088/0022-3727/8/5/015

32 % R  Acta Phys. Sin. Vol. 65, No. 2 (2016) 025201

Study on temperature and electric field dependence of
conductivity in polyimide”

Wang SongP?'  Wu Zhan-Cheng? Tang Xiao-Jin? Sun Yong-Wei! Yi Zhong?

1) (Research Institute of Electrostatic and Electromagnetic Protection, Ordnance Engineering College,
Shijiazhuang 050003, China)
2) (Beijing Institute of Spacecraft Environment Engineering, Beijing 100094, China)

( Received 8 August 2015; revised manuscript received 23 September 2015 )

Abstract

The deep dielectric charging (DDC) imposes a potential threat on spacecrafts. On the one hand, this kind of
polymer insulator dielectric, represented by polyimide, is significantly dependent on temperature; on the other hand,
during the charging process the high electric field (at the level of 107 V/m) will enhance the conductivity of the dielectric.
Therefore, in order to make a precise assessment of DDC by computer simulation, the conductivity model should take
into account the temperature and electric field dependences. In this field, two conductivity models are usually adopted
for DDC simulation. One of them is proposed by Adamec. It puts emphasis on the enhanced conductivity due to
high electric field, while its temperature dependence is based on the famous Arrhenius formula. Adamec model can
make good performance versus electric field, but it is inappropriate in low temperatures. Another model combines the
thermally assistant hopping conductivity and the variable-range hopping conductivity together, so it shows advantage in
the temperature dependence, which is named as TAH & VRH model. Although this model also can include the influence
from electric fields, the effectiveness is not so good as that of Adamec model. In order to combine the advantages of
these two models, i.e. the Adamec model and TAH & VRH model, a new conductivity model is proposed with fewer
parameters than those in TAH & VRH. It is derived by replacing the Arrhenius formula in Adamec model with a
simplified temperature model referred to as TAH & VRH model. This formulation enables the new model to deal with a
wider temperature range and keep the good performance versus high electric fields. The proposed model is verified partly
by the measured data of a kind of polyimide. Satisfactory agreement is obtained in data fitting by using the new model,
where the temperature dependence is better than that of Adamec model. In addition, to overcome the unreasonable
increase in conductivity in low temperature and high electric field, a useful technique is proposed. By temperature
mapping in the electric field correlated factors namely the carrier concentration and mobility enhancement factor, this
technique can extend the feasible temperature range to a lower limit. This is done according to the assumption that the
carrier concentration is small at low temperatures, and consequently the electric field influence should not be large. At
high temperatures or in low electric fields, the temperature mapping is of little effect. Finally, analysis of the model’s
sensitivity versus several parameters is provided, demonstrating the advantage of applicability of the new model with

fewer parameters.

Keywords: deep dielectric charging, insulator dielectric, polyimide (Kapton), temperature and high

electric dependence of conductivity
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