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æ^>(óÀÿþEâïÄ
�6>|e$�Ýà¯Lá��>Ö\�Úø�A�. uy3ØÓ>|±Ïe
�¬�>ÖP~¥yØÓ�A�, �dJÑ
��{ü�Äuü�²Y²�\�Úø��., ¿O�
�A�ëê,

X�²U?Ú�Ý. (½
Ø¹?ÛV\J�$�Ýà¯L�¬¥�3�ü«Y²��²U?©O�: �f�²U
? 0.77—0.81 eV éA�f�²>Ö�Ý� (1.168—1.553) × 1019 m−3; ���²U? 0.96—1.01 eV éA���²
>Ö�Ý� (1.194—4.615) × 1018 m−3. ��ÐÚ�y
á����²U?ÚéA���²>Ö�Ý�Pz
O
\, ��Äò�.¥�üU?�²ëê��Pz�äA�ëþ.

'�c: àÜÔ, �m>Ö, �², Pz

PACS: 72.20.Jv

1 Ú ó

�.n)àÜÔý�á��>0�5Uéu
>åÚ>fó�S�p�/|^ù
á�¿Â­
�, ±à¯L��L�àÜÔá�2�A^u>å
>C�pØ>íý�, �X·I�ApØÑ>�I
¦, éý�Y²JÑ
�p��¦, p|re�>
ÖÄåÆ9>|A53û½>0�>í5U�¡
kX�'­���^. ±>(óÀ (PEA) �n��
L��m>Öÿ±Eâ [1] 3L�A�c���v
uÐ, 4�´L
�N>0��m>Ö��£, ¦
��m>Ö3ØÓ>0�¬Æ¥¤�Ø�½"�
­�ÌK. ïÄL² [2,3], �±ÏL�m>Öÿþ¼
�½þ�&E±�NàÜÔá�Pz (X>!9!
>9éÜ�|�^) ���*Cz, ��m>Ö�
á�ü) (Pz) �^��*S3ÅnE,���
éÐ�)º. �#�ïÄL², >Ö\�Úø�y
�w«�m>Öy��U�á�¥u)�Pz;
�éX [4,5]. ,
, �N>0�¥�\�Úø�´�
á��*(��'�E,{K, I�?�ÚïÄ>

Ö/���²�'X. L��²���­�Ãã´
ïÄ>Ö\�Úø���CA�. ¼�á�SÜ�
²&E9A���{kéõ, �L5�X9e-ò
4z>6{ (TSC)[6]. TSC ÏL�X�,§Cz¼
�á�>6�§ÝCz�>6ãÌ, �âãÌ�¸
��¦)ÑéA��²U?Ú�²©Ù&E. �T
�{¼�á��>Ö&E�L§I�éá�?1
�X�C§1�, ��á�S�*/�(�u)

Ø�_=�Cz, 
l>í��ý�á��ý�µ
���Ý5w, ù«»�5ÿþÃãØ¨¢SA^,

Ï
uÐÉ���.

Äud, �©æ^�«�»�5��m>Öÿ
ÁÃã, =>(óÀ{ (PEA) ¼�á�3\ØÚ�
ØL§��m>ÖÄåÆL§. �©JÑ
��Ä
uf�²Ú��²�üY²�²U?nØ�., l
��þ)ºdÄåÆL§; ¼�
Ó��Äf�Ú
���>ÖÄåÆ, ¢y
é>0�>Ö\��ø
��'�ïÄA�. ¿^ PEA {ÿþ
�\>Ø
Ú>Ø£Ø��>ÖP~A� [7], ¦)Ñ�.¥�
�²U?Ú�²>Ö�Ýëê.
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2 >Ö�²ÄåÆ�.£ã

2.1 >>>ÖÖÖ555\\\

�N>0�>Ö1N�l>4Úá�SÜ>
l5\, �c)ö�þ�¢�ïÄL² [8], éÓ«
á�>Öé�U´l>45\, X�AÄ5\ [9]!
���A [10] �>65\Ån. Ï�.{zI�, �
Ä�{ü��¹: =>6�X�\>|�êO�¿
��m�êP~. �m�A�±l�m>Ö�¡)
º, >4NC>|ò¬�X\���m>Ö/¤

~�, 
ÛÜ>|�~���P~�>65\. Ï
d, >Ö5\>6�Ý�L«�

J(E t) = J0exp
( E

E0

)[
1 − exp

(
− t

τ

)]
, (1)

ª¥ J0 �3>| E0 ��Ð©>6�Ý, E �	\
>|, τ ��á�o��²\�A��'�~ê.

2.2 >>>ÖÖÖ\\\���LLL§§§

�{zêÆ?n, 6Ø�Älf�����\
�L§. d	, 5\�>ÖÌ�©Ù3>4NC, �
�Ñ5\>Ö�EÜL§.

b½ N1 Ú N2 ´f�²Ú��²�oê, σ1

Ú σ2 ©O�f�²Ú��²ü Ó¼�¡, f�
²Ú��²¥Ó¼�>Ö©O� n1 Ú n2. Kk±
e�ªL�>Ö\�L§

dn1

dt
=

Jσ1

q
(N1 − n1), (2)

dn2

dt
=

Jσ2

q
(N2 − n2), (3)

ª¥ q �16f>Ö>þ.

2.3 >>>ÖÖÖøøø���LLL§§§

�	\>|£Ø�, \�>Öêþ��mP~,

ùÒ´>Öø�L§. \��>Ö1Nl�²¥ø
lkØÓ�Ån, X19Ïø�!(9Ïø�!À
Â>lÚ���A [11]. �©Á�¥vk1ÚÀÂ
>l��A, Ïd>Öø�L§=�9�^e�>
Ö$ÄL§. Ó�, l���f��ø�L§�6
�Ø��Ä. Ïd, £ã�Ó¼L§�êÆL�ª
�

dn1

dt
= −k1n1, (4)

dn2

dt
= −k2n2, (5)

ª¥ k1 Ú k2 ©O�f�Ú���9ø�Ç~ê.

9ø�~ê�

kth = Ncυthσcexp
(
− Et

kT

)
. (6)

ª¥ Nc ���¥�k��²�Ý, vth �>Ö9$
Ä�Ç, Et ��²U?, k �À�[ù~þ, T �§
Ý.

2.4 >>>ÖÖÖ���²²²ÄÄÄåååÆÆÆ

Äuþã£ã�\��ø�L§, W¿f�Ú
���Ý�CzÇ�

dn1

dt
=

Jσ1

q
(N1 − n1) − k1n1, (7)

dn2

dt
=

Jσ2

q
(N2 − n2) − k2n2. (8)

Ó¼�>ÖoCzÇ´ª (7) Úª (8) �nÜ, �
dn

dt
=

Jσ1

q
(N1 − n1) − k1n1 +

Jσ2

q
(N2 − n2)

−k2n2. (9)

þã�ª�k	\>Ø��¹, �>|£Ø�,

>ÖP~L§=�9ø�L§, o�²>ÖCzÇ
�

dn

dt
=

dn1

dt
+

dn2

dt
= −k1n1 − k2n2. (10)

3 �m>Öÿþ¢�9(J

� y ¢ J Ñ � � ., ÿ þ 
 $ � Ý à ¯
L (LDPE) �¬��m>Ö. ¦^��¬�û^
ÃV\J� LDPE, �¬þÝ�� 180 µm. �m>
Ö´3¿§eÿþ�.

�~f5\ü>4�>Ö�EÜL§, 	\>
ØÚ±Y�m���$, ù��K>ÖEÜ�A�
±Cq�Ñ.

ã 1 �ØÓ\Ø�m��>ÖP~�m>Ö
�¹. �¬	\>Ø� 4 kV, \Ø�m©O� 2 min

Ú 10 min �êâ, �wÑéu 2 min \Ø�¹5\
�K4>ÖÓÌ�, ¿�o>ÖP~�~¯; �\
Ø�mO\� 10 min �, �¬¥�K>Öþ�3,

�þkÐ©�¯�P~Ú����{>Ö�ú�
�ÇP~.
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ã 1 >|£Ø���m>ÖP~ (a) \Ø 2 min; (b) \
Ø 10 min

ã 2 ØÓ�Ø�me\�o>Ö�P~ (a) \Ø 2 min;

(b) \Ø 10 min

�?�Ú�Oá�¥>Öoþ�Cz, �ò
ã 1 �>Ö�ÝÈ©, ¦�N>Ö�oþ�

Q =
∫ d

0

|ρ(x)| · S · dx, (11)

ª¥ ρ(x) �>Ö�Ý, S �>4«�¡È, d ��
¬þÝ. du�K>Ök�Ó�ª³, 3�©ïÄ
¥O�
o>Ö.

ã 2 �ØÓ\Ø�m�o>Ö�P~�m�
'X. �±wÑ, Äk, ü«�¹eo�²>ÖÑ´

k¯�P~�X´úP~, Ó�(Jw«\��>
Öê8�>Ø�^�mO\
Oõ.

4 �²�.ëê9?Ø

4.1 ���²²²���...ëëëêêêOOO���

�ÏLê�O�¼��.¥�ëê, X��Ú
f���²�U?Ú�Ý, §��á��*(�k
'. ëêCz�U�Ná�¥u)�Pz. �Ä�
²ø��L§, d (10) ª¦)Ñ�²>Ö�ÝX
e:

n(t) = n10exp(−k1t) + n20exp(−k2t). (12)

d¢�êâ����m>Ö�Ý�©Ù¼ê,

�ã 1, 2�â (11) ªÈ©��ØÓP~e��m
á�NS�o>Öþ Q(t) (ã 2), l
��éA�
ØÓP~�me��²>Ö�Ý n(t) = Q(t)

qSd , �
��â (12) ª[ÜÑ��9ü«�²�9ø��
Ç k1, k2 ±9�²>Ö�Ý n10, n20. O�(JÚ
­�[Ü©O�L 1 Úã 3.

L 1 �f�²�.ëêO�(J

�.ëê 2 min \Ø 10 min \Ø

k1 0.1755 0.09754

k2 0.0001636 0.0001219

n10 × 1019 m−3 1.168 1.553

n20 × 1018 m−3 1.194 4.615

L 1 ¥üöê�þ�ÉwÍ, §�©O�L

f�²Ú��²U?��, k1 3ê�þ´ k2 �þ
z�, ù`²>Ölf�²ø�'l��²N´�
õ. 2 min Ú 10 min � k1 Ú k2 O�(J��Ø�,

�nØ��.

2 min \ØL�, á�¥��²Úf�²¥Ó
�Èà
�½þ>Ö, ê�þf�²�Ý´��²
�Ý� 20 �õ, ù`²>Ö3f�²���²�
N´Ó¼>Ö. 
 10 min \Ø�, kaqü«�²
>ÖÈà, ØÓ�´k�õ�>Ö��f�²Ó¼,

�üö�'~� 2 min \Øk¤~�, `²\Ø�
m��, \�>Ö��²a.òu)UC.

��þ, lã 3 �[Ü­��±wÑ, >Ö��
mP~L§düÜ©�m~ê|¤, þ�m© [0—

30 s, ã 3(b)] �¯>ÖP~Ú�e5 [> 100 s,

ã 3(a)] �ú>ÖP~, ?�Ú½þL²
�3ü

017201-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 017201

aU?Y²�².

ã 3 ØÓ\Ø�me�m>ÖP~­�9[Ü(J (a)

P~�m� 0—3600 s ��N­�; (b) c 100 s P~�ÛÜ
��ã

4.2 ??? ØØØ

4.2.1 �²U?
ý�á�¥�3�ÔnÚzÆ"�¬Ó�Ó

¼>Ö, ¿�ØÓa.�"�¬éAØÓ��²U
?. k7�?�Ú?Ø��.�ëê��A�²U
?�'X.

�â�ª (6) �9ø�nØ, �²U?�

Et = kT ln
(Ncυthσc

kth

)
. (13)

XJ (13) ª¥¤k�ëêþ®�, K�Ó�
O � Ñ � f � ² U ?. kth � Ï L ¢ � ê â [
Ü(½, Nc Ú vth ´éAØÓá��~ê, d?
� Nc = 1025 m−3, vth = 105 s−1 [9]. 
éAuØ
Ó"�, �²¬Ó¼5\�á�¥�>f½�Ç.

Ó¼¥%Ï~�â¦��Ó¼�¡5(½, dc¡
��.0�¥®�f�²�Ó¼�¡�u��²,

� σ1, σ2 ©O� 10−14 Ú 10−18 m2 [11,12].

2(Ü¢�êâ[Ü���>Ö9$Ä�
Ç k1, k2, �©O�OÑ�f�²U?: f�²U?
3 0.77—0.81 eV; ��²U?3 0.96—1.01 eV. �
��J�´, du PEA ÿþXÚ���¦��f�

²uÿØ� [5], ��©ïÄ²ww«, á�¥(¢
kü«a.��²�3, ©OéAu�A�"��
3. ®kïÄL², f�²éAá�Ôn"�, 
�
�²K�N
á�¥�zÆ"�. �©¥¤¦^�
á�´ÃV\J�$�Ýà¯L (LDPE) �¬, Ì
�´dÔn"����f�²ÓÌ�, ù�©zï
Ä(J�� [13].

4.2.2 �²�Ý
Ó�, d¢�êâ���Ñf�²Ú��²�

�²>Ö�Ý, �X\Ø�mO��f�²>Ö�
ÝþO\. O���²>Ö�Ý�êþ?Ú©z¥
��� [14].

�â·�JÑ��., ���f�²Ú��²
>Ö�Ý n10, n20 �L�ª©OXe:

n10 = A1N1/(A1 + k1)

×{1 − exp[−(A1 + k1)t]}, (14)

n20 = A2N2/(A2 + k2)

×{1 − exp[−(A2 + k2)t]}. (15)

ddwÑ, �²>Ö�Ý�éA�ëê A, N

±9 k k', ���m t �¼ê. �â PEA Á�ÿ
þÚê�O��(½ A,N Ú k �ëê, l
�Ñ
�²>Ö�ÝÚ�²�Ý�'X.

w
´�, 3�©� LDPE ��¥, f�²>
Ö�Ýõu��²>Ö�Ý, ù�c¡?Ø��f
�²U?©Ù��. ¿�®k©z [13] ép�Ýà
¯L (HDPE), �éà¯L (XLPE) 9 LDPE �á�
�²U?é'ïÄ(J��.

Ó�, �wÑ�²>Ö�ÝÓ���N
éA
��f�²�Ý, \ØL§��Ñ\�L§¥�9
ø��^, 3�½\Ø�m�^�, �@��²þ
�W÷, d (14), (15) ªCq@� N1, N2 3ê�þ
=�éA� n10 Ú n20. Ïd, �m>Öÿþ���
ïÄá��²Ó¼A�k��(¯��«Ãã. Ø
Ó�á�±9á�ØÓ^� (XPzc�) e¬¥
yØÓ��²A�, ù
A��U¿ØUÏL~5
�zÆ�{ (X.ù1Ì©Û) �� [15], �%�±
ÏL�m>Öÿþ9éA�ê�O�©Û��.

4.2.3 �²U?��Ý!á�Pz�S3'
é

��y��.9ëêUÄéàÜÔá�Pz
��*Cz�S3L�, O�
�c>Pzc��
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�¬��m>Ö�²A�ëþ. ã 4 �Á����
�6>Pzc� LDPE �¬��m>Öoþ��
mP~�Cz­�. dã 4 �²wwÑ, �6>P
z�, >ÖP~L§�¬²w~ú, `²PzL§
¥�U�)
�½�Ý���U?��².

ã 4 �6>Pzc��m>Ö��mP~­� [15]

ã 5 �6>Pzc��m>ÖP~­�9[Ü(J

A^cã�.¥�ëê�¦�Ñ­�éA�
���²�U?Y²ÚéA��²�ÝXã 5 ¤
«: ��²U?Y²� 1.09—1.31 eV, ��éA�
�>Ö�²�Ý� 1.006—1019 m−3; f�²U?
Y²� 0.84—0.91 eV, ��éA�f>Ö�²�Ý
� 1.079 × 1018 m−3.

dã 5 9þãO�(J, ¿é'cã�Pz
� LDPE �¬��f�²U?�>Ö�²�Ýê
�, �wÑ>Pz���f�²U?Y²þkO\,

¿���²U?éA�>Ö�Ý��AO\, 
é
A�f�²>Ö�Ý%k¤~�, ?�Ú`²
á
�Pz��)
��U?��².

5 ( Ø

ÄuüU?Y²�>Ö\�Úø�ÄåÆ�
., J�
éA��²U?Ú>Ö�²�Ýëê.

(Ü PEA �m>Öÿþ9ê�O�(J, (½
Ø
¹V\J� LDPE �¬¥�3�ü«Y²��²
U?©O�: �f�²U? 0.77—0.81 eV Ú��
�²U? 0.96—1.01 eV. Ó�, |^�.ÐÚ�y

Pz��á���²U?�O\ÚéA��²
>Ö�Ý�Cz, y¢
á�Pz�)
�½Y²
���U?��². Ïd, �.¥ëê��Ä��
á�Pz�ä�A�ëþ.
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Abstract

In this paper, characteristics of charge trapping and detrapping in low density polyethylene under dc electric field are investigated

using the pulsed electroacoustic technique. It is found that the charge decay shows very different features for the samples with different

periods of applied electric field. A simple trapping and detrapping model based on two trapping levels is proposed to qualitatively ex-

plain the observation. At the same time, numerical simulation based on the above model is carried out to extract parameters (trap depths

and concentration) related to the material. It is found that the space charge decaying in the first few hundred seconds, corresponding

to the fast changing part of the slope, is trapped in a shallow trap with a depth in a range between 0.77 and 0.81 eV, and the trapped

charge density reaches (1.168–1.553) ×1019 m−3 in the sample volume measured. At the same time, the space charge that decays at

longer time, corresponding to the slower part of the slope, is trapped in a deep trap with a depth in a range of 0.96 and 1.01 eV, and the

trapped charge density is (1.194–4.615) ×1018 m−3. The trap depths and charge densities of both shallow and deep traps may increase

with ageing, and the parameters of two energy wells can be used as an indication of the material aging.

Keywords: polymers, space charge, trap, ageing
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