
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 038101

¬¬¬...ééé777fff���bbb			&&&ÿÿÿììì���mmm���AAA555UUU���KKK���
�=U† �Æx Çc ù)¾ ÿp©

( =²ÔnïÄ¤, L¡ó§Eâ:¢�¿, =² 730000 )

( 2010 c 11 � 29 FÂ�; 2011 c 6 � 8 FÂ�?Uv )

±Y1>�y�´K�õ¬7f�b	&ÿì�m�A5U���Ø|Ï�, §��3¬��ò�&ÿì�
�A�m. �©3��¬7f���þ��
��>4må©O� 20 µm Ú 30 µm �b	&ÿì (©O¡�ì� A

Úì� B), ?Ø
¬.éõ¬7f�b	&ÿì�m�A5U�K�. (JL², ì� A Úì� B þLyÑ±Y1
>�Ú1>�OÃy�, ¿�ì� B 'ì� A �wÍ. ©Û�Ñ, ¬."��U37f��Y¥Ú\��fU?¿
å�ê16f�²¥%��^, ��
&ÿì�±Y1>�y�ÚpOÃ. �'ì� A, ì� B >4mäk�õ�
¬.êþ, Ïdì� B LyÑ��wÍ�±Y1>�Ú�p�1>�OÃ.

'�c: 7f�b	&ÿì, ¬."�, ±Y1>�, 1>�OÃ

PACS: 81.15.Gh, 81.05.ug, 85.60.Gz, 61.72.Mm

1 Ú ó

7f��B�°Ý� 5.5 eV, �A���á
ÂÅ�� 225 nm, ?u “F_«” b	Åã (200—
280 nm), 7f�b	&ÿìÏdäk$��µË�
¿�A^ub	U©*ÿ!(1é/�¸iÿ!
»/Ú>'&ÿ�õ�+�. 8c, 3ü¬7f�
½Ó�	òü¬7f���þ®¤õ��
p5
U�b	&ÿì [1−3], �´ü¬7f�Ä.�¡È
� [4] Ú¤�p´7f�b	&ÿ�¤�
���
uÐ�Ì�æN. É�)��7f���U
�¡
È��¿�¤�$, ÷v¤�&ÿ�Ä��¦. ,
, É�)��7f���Ï~¥y�äk�þ¬
.�õ¬(�, ?u¬.�"��U37f��Y
¥Ú\N\U?, lé7f�b	&ÿì�5U
�)K� [5]. ~�uõ¬7f�b	&ÿì¥�±
Y1>�y�¦&ÿì��A�m��ò�, ±Y
1>�µþ�m�;.�3 10—103 s �� [6−8],
��&ÿìé¯C&Ò�&ÿØ|. Ïd, ïÄ±
Y1>�y��ÔnÅ�9Ù�éUõõ¬7
f�b	&ÿì�5Uäk�¿Â.

�©ÏLé'ïÄü«ØÓ��>4må�
õ¬7f���b	&ÿì�1>�A5U, uy

?u¬.�"��U´õ¬7f�b	&ÿì±
Y1>�Ú1>�OÃ�Ì��Ï, Ó�éÙÔn
Å�?1
��[/?Ø.

2 ¢ �

|^�Å�lfNzÆí��ÈEâ, ± H2

Ú CH4 �í3 Si(100) ¬¡þ�È
��¬�
7f��� [9]. �ÈL§¥, CH4 �ÓíNo6
þ (H2/ 600 sccm+CH4/6 sccm, 1 sccm = 1 mL/min)
� 1%, �ÅõÇ� 4.2 kW, �ÈíØ� 130 Torr
(1 Torr = 133.322 Pa), �È§Ý 1040 ◦C; �È(å
�, �¬3ý�¥�úe%�¿§, ��¼��7
f���þÝ�� 21 µm.

|^ã 1 ¤«�b	-1��¡ [10] Ú�{
¡��{37f���L¡��
²¡��>4.
Äk|^�6í��{37f���L¡�È�
� 350 nm þ� Al �, ,�^æ��1����ã
+�, 3 110 ◦C e�z1�� 30 min, |^ KrF O
©f-1 (Å� 248 nm, ó° 6 ns) 31��þ�
¡Ñ>4ãY, 1����¡K� �à³Ñe¡
�7á�, ^¡��@¡K, �1��CX� 
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�Ø�@¡, ��r�¬�3��J¥ò�{�1
���K, =�e¤I�7á>4, ��ò��Ð
�>4��uý�¥ 500 ◦C ò» 30 min ^±/
¤ûÐ� Schottky �> [11]. �¢�¥, >4��O
¤d 10 é��|¤, �°Ú�må��, ©O��

 20 µm (ì� A) Ú 30 µm (ì� B) ü«�må�
b	&ÿì, ã 2 ¤«�ü«��>4�w�ì¡.

ã 1 ����>4�b	-1��¡Ú�{�¡ó²6§

ã 2 (a) ì� A Ú (b) ì� B ���>4�w�ì¡

7f����¬N(�d RIGAKU 2000 X �
�û�¤ (XRD) ?1ÿÁ, X ��æ^ Cu Kα ��
�; |^ JEOL JSM-5600LV ×£>fw�ºé7
f����L¡/m?1*	; Horiba Jobin Yvon

HR800 ��w� Raman 1Ì¤^5¼�7f��
�¥��¤©, -u1æ^Å�� 325 nm � He-
Cd -1ì; ASEC-03 >ÆÔn5UÿÁXÚ�±
�Ñb	&ÿì�1>�A5UÚ>Ö�U?]
�ÌA5.

3 (J�?Ø

3.1 777fff������������ááá���ÆÆÆ555���

7f����;. Raman 1Ì«uã 3(a), 1
Ì3 1329 cm−1 ?�3ér�7f��? Raman
Ñ�¸, ¸��p°� 7.6 cm−1, L²7f��
�äkûÐ�(¬5U. Ó�uy3 1580 cm−1

�3�7f���fÑ �¸, `²7f���
¥��3�½¤©��7f��. ã 3(b) ¤«
�7f���� XRD Ì�, Ù¥ u 69.04◦ �
û � ¸ 5 g Si Ä ., � � 3 43.88◦ Ú 119.54◦

ã 3 7f���� (a) Raman 1ÌÚ (b) X ��û�Ì

©O�3r� (111) Ú (400) ��, Ó���3X
f� (220), (311) Ú (331) ��, L²7f���
�õ¬(�. (111) Ú (400) û�¸��p°©O
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� 0.26◦ Ú 0.33◦, �L²7f���äkp�(¬
�þ.

7f���� (400) ���7f���äko
�¬/�L¡/m��, Xã 4 ¤«, 7f�¬â
º�� 3—5 µm. ù�·�±c�¢�(J�� [9],
=p�ÈíØ���pÄ.§Ýk|u7f��
�� (100) Or�� [12]. (100) ���7f���
�' (111) ��äk���Ì¬! �!���¬
N"�, �L¡1w [5,13].

|^ Hall �AÿÁ�U�Ñk'7f���
��>a.![£Ç�Ú16fßÝ, ù�U´
du7f����p>{Ç¤��. æ^9&�
{ [14] é7f�����>a.?1ÿÁ, (JL
²7f���� p .�>a..

ã 4 7f���L¡/m�×£>fw�ºì¡

3.2 ¬¬¬...ééé777fff���bbb			&&&ÿÿÿììì555UUU���KKK���

3 6 V  Ø!220 nm ±Y1ìeé&ÿì�
1>6�m�AA5?1ÿÁ, ÿÁ¥, 1�Ïä
|^Å�¯�5¢y, ã 5(a) Ú (b) ¤«©O�ì
� A Úì� B ��m�A�. ÿÁ(JL², ì
� A �1>631ì�×�þ,, ,��ú���
Ú�, dV>6,��Ú1>6^�� 320 s; �K
1ì�, 1>6Äk¯�eü, ,�²{�ú�P
~L§, 1>6eü��Ú�� 1/e ^��� 260 s,
>6¡E�V>6G�¤I�m���. ì� B �
1>6�müCL§�ì� A aq, 1>6���
Ú�¤^�m� 450 s, �K1ì�²L� 1090 s e
ü��Ú�� 1/e. Ó�uy, ì� B äk'ì� A
�p��Ú1>6�, ùAT´duì� B �1¯
¡È'ì� A �, láÂ�õ�1f¤��.

ì� A Úì� B þLyÑwÍ�±Y1>

� (PPC) y�, �ì� B � PPC 'ì� A �w
Í. PPC y�´��¬É1ì��, 1>�O\, 
Ê�1ì�, 1>�PC�±Y���mâU¡E
�Ð©�V>��, §��3��ò�
&ÿì�
�A�m. 'u PPC y���, 8c@��U´
��N¥��ê16f�²�A [14], ÙÔnÅ�
�±LãXe.

ã 5 (a) ì� A Ú (b) ì� B 3 220 nm 1ìe��m�A
�

�1ì��1>&ÿìþ�, 7f���du
��áÂò�)�þ�>f - �Çé, ¦&ÿì×
��)1>6. b�7f���¥�3d,«"�
���>f (�ê16f) �²¥%, K�½êþ�
1)>fò��²¤Ð¼, ��16fEÜÇü$
Ú16fÆ·O\. ��Ç��K>4�Â8�,
�²¥%EÐ¼�½êþ�>f, ù��>47L
�7f�¥5\�Ç5�±��N�>¥5^�,
l�)1>�OÃ. ��²Ð¼�>f�õ, 1
>�OÃÒ��. �K1ì�, gd>f - �ÇéE
Ü¦1>63m©�ã×�eü. ,�, ��>f
²9-u½�BL§øN¿�d��ÇEÜ, ,
ù´���ú�L§, d�?ud���ÇE3�
>, ùÒ´��o�K1ì�&ÿìEØU×�¡
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E�V>����Ï.

ã 6 ì� A (a) 3ØÓ§Ýe� Q-DLTS Ú (b) �A� Arrhe-
nius �

|^>Ö�U?]�Ì (Q-DLTS)[15] é7f
���¥�"�U??1ÿÁ, ã 6 Úã 7 ©O
´ì� A Úì� B � Q-DLTS ÌÚ�A� Arrhe-
nius �, 3 Arrhenius �[ÜL§¥, 7f��
>fk��þ� 0.2m0

[16]. ì� A �3���²
U? (U? A), U?-¹U� 0.213 eV, Ð¼�¡
� 9.88×10−20 cm2, U?�Ý� 1.1×1011 cm−2; ÿ
�ì� B ¥��3��U? (U? B), U?-¹U
� 0.196 eV, Ð¼�¡� 9.98×10−21 cm2, U?�Ý
� 1×1011 cm−2. ì� A Úì� B ´��3Ó�¬
7f����¬þ, U? A ÚU? B Aäk�C�
U?ëê, ,U? A ÚU? B 3U?ëêþ�3
�½� �, ù�U´3U? A ÿÁL§¥�3§
ÝÿþØ����. ��,õ¬7f���ÊH�
3-¹U3 0.13—0.22 eV �fU?, TafU?4
�§Ýþ5u¬."� [17].

éum��Y��Ná�, üU?m�EÜ�

Ç�±d Schockly-Read-Hall ÚO [14] 5£ã:

U=
σnσpυthNt(pn−n2

i )
σn

[
n+niexp

(
Et−Ei

kT

)]
+σp

[
p+niexp

(
Ei−Et

kT

)] ,

(1)

Ù¥, σn Ú σp ©O´>fÚ�Ç�Ð¼�¡, υth

= (3k0T /m∗)1/2 �L16f�9$Ä�Ç. �â (1)
ª�±�Ñ���(Ø: � Et = Ei �,U ��,
=?uB�¥%�N\U?´�k��EÜ¥%.
²w/, �¢�¥7f���¥�fU?åØ�k
��EÜ¥%�^. �âc©é7f�b	&ÿ
ì PPC y��?Ø±9e©ò�?Ø�7f�b
	&ÿìp>�OÃíÿ, dU?4k�UåX�
ê16f�²��^. duì� B äk'ì� A �
°�>4må, ¤±>4m�3�¬.êþ�Ò�
õ, >f3ì� B ¥[£���²Ð¼�AÇÒ�
�, l��ì� B äk'ì� A ��wÍ� PPC
y�.

ã 7 ì� B (a) 3ØÓ§Ýe� Q-DLTS Ú (b) ì�A� Ar-
rhenius �

|^��³^ Φ(t) 5£ã>f�Ñ³²¤I
��Ñ�Uþ. l±þ©Û��, �X>fØä/
�Ñ³², ³²�pÝ Φ(t) ò�5��. 3�?C
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qe, �±b� Φ(t) �³²¥�>fßÝ n(t) �
3Xe'X

Φ (t) = Φm
nm − n (t)

nm
, (2)

Ù¥, Φm Ú nm ´ Φ(t) Ú n(t) ����. �k
@
U
�Ñ³²�>fâU�d�¥�gd
�ÇEÜ. |^ Q-DLTS �U37f���¥ÿ
Ñk��EÜ¥%, >f��Ç�kÏL�m
�[��ª��EÜ, ¦+m��Y��N��
�EÜXê (∼10−15 cm3/s) ��u���Y��
N (∼10−10 cm3/s)[16]. >f��Ç���EÜ�Ç
�§���

U = −dn (t)
dt

= Recpn (t) e−
Φ(t)
kT , (3)

Ù¥, Rec ���EÜXê, n(t)e−
Φ(t)
kT �LU�Ñ

³²�>fßÝ, p ´d��ÇßÝ¿�Ä�þ�
�~ê.

ã 8 ³^��EÜnØé (a) ì� A Ú (b) ì� B � PPC P
~L§�[Ü(J

ò (2) ª�\ (3) ª, �
dn (t)

dt
= −Recpe−

Φm
kT n (t) e

Φmn(t)
kT nm . (4)

X-

A = −Recpe−
Φm
kT ,

B =
Φm

kTnm
,

K (4) ª���
dn (t)

dt
= An (t) eBn(t). (5)

du��>fßÝ n(t) �d�þ�L��Ç
ßÝ ∆p(t) ´�Ó�, ù
L���Ç�´�)
±Y1>� ∆θ(t) ��Ï, Ïd

n (t) = ∆p (t) =
∆θ (t)

qµ
=

C∆I (t)
qµ

, (6)

Ù¥, C ��~ê, ∆I(t) ´1ìÊ� t �m��À
1>6.

ò�§ (6) �\ (5) ª¥, ��
d∆I

dt
= A∆Ie

BC∆I
qµ , (7)

�§ (7) ´�â³^��EÜ�. [18] í�Ñ5�
À1>6��mCzÇ d(∆I)/dt �À1>6 ∆I

�Cz'X.

ã 9 (a) ì� A Ú (b) ì� B 3çVÚ 220 nm 1ìe� I-V
A5

|^³^��EÜ�.é7f�b	&ÿì
� PPC P~L§?1[Ü, (JL²[Ü��¢
�êâ (ì� A Ø P ′

1, P ′
2, P ′

3 n:	; ì� B Ø D′
1,

D′
2, D′

3 n:	) ÎÜ�éÐ (Xã 8 ¤«). P ′
1, P ′

2,
P ′

3 Ú D′
1, D′

2, D′
3 ©O�ã 5 ¥� P1, P2, P3 Ú D1,
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D2, D3 �éA. P ′
1, P ′

2 Ú D′
1, D′

2  l[Ü�`
² P1 → P3 Ú D1 → D3 þØ´³^��EÜ�L
§, AT´1ìf(å�gd>f - �Çé��
EÜ�L§. ì� A Úì� B ©Ol P3 Ú D3 â
m©ÑywÍ� PPC µþL§, §´��d?u¬
.��ê16f�²¤���³^��EÜL§.
³^��EÜ�.�â�ê16f�²�1�A
:U
�ß/£ã PPC P~�ÔnL§, §�Ñ

8c©z���õ¦^�*Ð�ê½Æ [19,20] ¥ β

ÏfÔn¿ÂØ²(�":.
ã 9 ´ì� A Ú B 3çVG�ÚõÇ�Ý

� 0.64 µW/mm2 � 220 nm üÚ1ìG�e�Ï
SA5�. 3\�1f�Ü�7f���áÂ
Ã���n�^�e, &ÿì�	þf�Ç�L«
� [21]

EQE =
Iph

qF0
= ηG, (8)

Ù¥, Iph �1>6, q �>f>Ö, F0 �ü �
mS\��&ÿì1¯¡�1fê, η �Sþf
�Ç (0 < η < 1), G �1>�OÃÏf. O��
�ì� A Úì� B �	þf�Ç EQE ©O� 92

Ú 167.7, L²ùü�&ÿìþäk�p�1>�
OÃ. ì� A Úì� B 3 220 nm 1ìe��AÝ
©O� 16.2 A/W Ú 29.7 A/W. 7f���¥�ù
�fU?U
ü$16fEÜAÇ, ÏdO\

&ÿì�1>�OÃÚ�AÝ. �ì� B �', ì
� A >4mäk���¬.êþ, fU?�êþ�
��, Ïdì� A �1>�OÃÚ�AÝ'ì� B
wÍü$.

4 ( Ø

�éuü¬7f�b	&ÿì, �©?Ø�õ
¬7f�b	&ÿì�3²w� PPC Ú1>�O
Ãy�. �,1>�OÃ�O\&ÿì��AÝ,
� PPC ��3¦&ÿìé¯Cb	&Ò�&ÿØ
|. ïÄ(JJ«��dy���U�Ï�´õ¬
7f���¥�3�¬."�, ¬."�37f�
�Y¥Ú\�fU?¿å��ê16f�²¥%
��^, PPC �µþK´�T�ê16f�²�'
�³^��EÜL§.
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The influence of grain boundary on time response of
diamond ultraviolet photo-detector
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Abstract

Persistent photoconductivity (PPC) is a deterring factor for the time response of ultraviolet photo-detectors made of polycrystalline

diamond films. The existence of PPC can greatly prolong the response time of photo-detectors. In this paper, ultraviolet photo-

detectors with interdigital electrode spacings of 20 µm and 30 µm (denoted as “device A” and “device B”, respectively) are fabricated

on microcrystalline diamond films, and the influences of grain boundary on time response of diamond ultraviolet photo-detectors are

discussed. Results show that performances of PPC and photoconductive gain are present in the two photo-detectors, and the PPC is

longer and the photoconductive gain is higher in device B than in device A. It is suggested that grain boundaries may induce a shallow

level in the bandgap and act as minority carrier trapping centers, leading to PPC and high gain. There are more grain boundaries

between the electrodes in device B than in device A, which hence explains the higher photoconductive gain and responsivity as well as

more significant PPC in device B than in device A.

Keywords: diamond ultraviolet photo-detector, grain boundary, persistent photoconductivity, photoconductive
gain

PACS: 81.15.Gh, 81.05.ug, 85.60.Gz, 61.72.Mm
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