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Á� ÏL¢�ÿþÚnØ©Û, l16fÄåÆ�ÝïÄ
^uóÀË�&ÿ�CVD7f���&

ÿì�·^(�!>ÖÂ8�ÇÚ�m�A5U. (JL², CVD7f����±�¤þ!.(��

&ÿì; ��¥�"�¬ü$&ÿì�>ÖÂ8�Ç, &ÿì�>ÖÂ8�Ç�|rO�
O���

�Ú. ®ï��CVD7f�&ÿì>ÖÂ8�m��719ps, 32.5V/µm|re���Ú, >ÖÂ8�

Ç�60.5%; ¬�Ñ�´K�&ÿì�m�A�Ì�Ï�, À^�¬â$�ü¬7f����±Jp&

ÿì�m�A.
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1 Úó

7f�á�äkB�°Ý°!16f[£Çp!

ÂB|rp�5�, Ï
^7f����Ë�&ÿì

äkD($!�m�A¯!FËì!�5>6��`

:, �±¤�>6.óÀË�&ÿ�n��ì�
[1, 2]

.

20­V90c�±5, �XCVD(Chemical Vapor De-

position)Eâ�¤Ù, ÄuCVD7f�á����

N&ÿì��ÚA^uÐ×�
[3, 4]

, CERN¤á
;

��RD42�|éTa&ÿì?1ï�. ¦+CVD7

f�&ÿì���ÚA^EâuÐé¯, ��8ÿ�

/¤¤Ù�û^�¬, ùÌ�´Ï�Ù5U����

þ!ì���Eâ���'. >6.CVD7f�&ÿ

ì�ï�ÚA^, ½�I�éÙ5U?1ïÄ!¼�

é&ÿì?CVD7f����È!ì�����"

&E.

duCVD7f�áu<Eõ¬¬N, Ù¬���

�5ÚXÝÉ�\óó²�Ï����, ,�!¬�

�Ø��5±9¬.´7f�"��Ì�5

[5, 6]

.

ù
"�37f��B�¥�)¥mU?, /¤�

². dË�-uÑ�>f–�Çé3�ü4�¤£

�L§¥, ���², Ò¬±�½�VÇ�Ð¼. Ï

d, ���CVD7f��^-uÑ�>f�Çé¿

vk��ÜÂ8, ò&ÿì�>ÖÂ8�Ç (η, charge

collection efficiency)½Â�3ü4�aA��>Öê

Qind �Ë�3��N¥-uÑ�>f�ÇéêQion �

' (η = Qind/Qion), ´ïþCVD7f�&ÿì5U�

­��I.

�CVD7f�&ÿì^uóÀË�&ÿ+��,

&ÿì��m�A�¯, �U
¿©��NÑóÀË

�
�&E. du7f�¥16f[£Ç¯, >f�

�Ç�[£Ç�å�
[7]

, ¦�7f�&ÿì��m�

A�Si-PIN&ÿì�'¯�õ. "���3¬K�&

ÿì��m�A5U�`�.

V>6!>ÖÂ8�Ç!�m�A�´ïþ&ÿ

ì5U`��­��I. ·�®²ï�Ñ
·^uó

ÀË�&ÿ+��CVD7f�&ÿì
[8]

. �©ÏL¢

�ÿþÚnØ©Û, éTa&ÿì�5U?1
ïÄ.
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2 &ÿì��

^ u ¢ � � CVD 7 f � & ÿ ì ( � X ã 1 ¤

«, ÃPN(�þ!.7f����º��φ50mm×

135µm, 3CVD7f����ü¡�Û20nmþ�7

��±��Ô>4�Ó��&Ò�ÚÑ>4, 	�^

àoÍ¯LµC. &ÿì¢Ôì¡�ã2.

ã 1 CVD7f�&ÿìµC(�«¿ã

ã 2 CVD7f�&ÿì¢Ôì¡

3 ¢�

¢�C�«¿ãXã3¤«, pØ
�&ÿìJ

ø5V/µm±S>|, ©O^�>6OÚ«ÅìP¹&

ÿì�>&Ò.

ã 3 ¢�C�«¿ã

�¤
±en�¡�¢�ó�:

a) 3��
'4�;1�^�e, �¤
&ÿì

V>6�ÿþ.

b) 3Uþ�1.25MeV� 60Co­�Ë�
ì�e

�¤
&Ò>ÖÂ8�Ç�ÿþ.

&ÿì(¯Ý (S)½Â�²þz�\�âf3&

ÿì	>´Úå�>Öþ. ^Jþ¤P¹&ÿì¤3

 ����Jþ¿=�¤ü �mS��\��&ÿ

ì(¯¡þ�âfê (Φ), ^�>6Oÿ�&ÿì	

>´�)�>6 (I), =ü �mS��3&ÿì	>

´Úå�>Öþ, �±��&ÿì�(¯ÝS=I/Φ.

Ó�, |^MCNP�k�[^�O���
3Ø�3

"���¹e&ÿìé1.25MeV γ����AS100 ,

d>ÖÂ8�Ç�½Â�±��η=S/S100.

c) |^�m��¦?�óÀb	-1ì�¤


é&ÿì�m�A5U�ÿÁ.

\�-1d�¦�m¯���, �±�)�p°

��¦þ?�óÀb	-1, ��δ��
\��&

ÿì(¯¡. ²L&ÿì�A�, Å/�Ð°, 3	>

´&ÒÅ/�þ,�mÚ�p°�N
&ÿì��m

�A5U.

4 ¢�(J

4.1 &ÿìV>6

·�ï��7f�&ÿìV>6ÿþ(J'X­

�Xã4¤«, �±wÑ,  Ø3600V±S, V>63

nAþ?, ÙV>6–>Ø�5'XûÐ, `²>4�

7f����m/¤
ûÐ�î0�>.

ã 4 CVD7f�&ÿìV>6–>Ø­�

4.2 &ÿì>ÖÂ8�Ç

&ÿì>ÖÂ8�ÇÿÁ(JXã5¤«. ·

�ï��CVD7f�&ÿì�>ÖÂ8�Ç� Ø

O�
O�, ¿32.5V/µm>|e���Ú�60.5%.

ã 5 >ÖÂ8�Ç�>|rÝ'X­� (:IP�

¢�(J, ¢��nØO�(J)
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3�Ú«, >ÖÂ8�Ç�²þ���� ��u

5%. ÿÁ(JL², T&ÿì>ÖÂ8�Çp, �5

U­½. >ÖÂ8�Ç��Úy���Ïò3�©1

5!¥©Û.

4.3 &ÿì�m�A

CVD7f�&ÿìéδË�
��m�AÅ/

Xã6¤«, Uìpd©Ù�ØP¹XÚ�°���

&ÿìþ,�m�2.0ns, �p°�21.0ns.

ã 6 7f�&ÿì¢��A­� (&ÿì5�:

φ50mm×135µm, 1w¢��Ø�Ä"�K��

nØO�(J, kfe�¢��¢ÿ(J, J��

Si-PIN&ÿìØ�Ä"�K��nØO�(J)

5 ©Û

5.1 &ÿìV>6©Û

&ÿìµCó²n��^�e, V>6Ì�d�

�N���16fßÝû½. dÀ�[ù©Ù¼ê�

�
[9]

, ��NB�°Ý��, ��16fßÝ�$, �

���N>{Ç�p. du7f�á��B�°Ý�

�5.5eV, 3550K§Ý±e, XÀ7f����>{

Çþpu1013Ω·cm. Ïd, 7f�ØI���PN(,

Ò�±÷v&ÿìéV>6�ó��¦. du¦^


��CVD7f�á�, �/¤
ûÐ�î0�>, �

±dî0½Æ (R = U/I), (Ü­���[Ü(JO

���T&ÿì��>{�1014Ω·cm.

5.2 &ÿì>ÖÂ8�Ç©Û

^>ÖÂ8ål
[5, 10, 11]

σ Ú16fÆ·τ 5L«

>fÚ�Ç�Ð¼c¤U¤£�²þål:

σ = (ve +vh)τ = (µe +µh)Eτ ,

Ù¥, µ�16f�[£Ç; v ´16f¤£�Ý; E �

	\>|rÝ; τ ´û½uá�"��~þ. �Ä�>

f–�Çé�) ��K�, Hecht�<í�Ñ

â

fBß�Ý�G�, þ!>l�"�©Ùþ!^�e

�>ÖÂ8�Ç�>ÖÂ8ål�'X
[12]

:

η =
Qind

Qion

=
σ

L

[

1−
σ

4G
(1−e−2G/σ)(1+e2(G−L)/σ)

]

.

Ù¥, L�&ÿìüé¡>4�ål. �X>ÖÂ8

ål�O�, >ÖÂ8�Ç��O�, �σ �L���

5O�'X, �σ ÅìO�, É7f��þÚÐ¼VÇ

�K�, >ÖÂ8�ÇÅì l�5
ªu�Ú.

,��¡, �X>|�Or, ¬�¼��Uþ�

õ/=£�1Æ(f, 16f¤£�Ý v �ª��

Ú, �±dÀ�[ù'XO���
[13]

, 7f�¥1

6f¤£�Ý3>|rÝ�1V/µm�m© l�

5, Åìªu�Ú, >fÚ�Ç��Ú¤£�Ý©O

�2.2×107cm/sÚ1.5×107cm/s, ù¿�X>ÖÂ8

ål�X>|rÝ�O\
O\, 3>|rÝ��

1V/µm�m© l�5, Åìªu�Ú.

3>ÖÂ8�Ç�>ÖÂ8ålO\
�Ú�>

ÖÂ8ål�>|rÝO\
�Úùü�Ï���Ó

�^e, lnØþù, &ÿì�>ÖÂ8�ÇA�	

\>|�O\
O\, ¿3�½>|e���Ú. ¢

�(J�nØ©Û�¬Ü, O���, 16fÆ·�

719ps.

5.3 &ÿì�m�A5U©Û

)�tu1965cí�Ñ
Ã"��¹e��N

&ÿì�m�A�O��{
[14]

, T�{Ó�·^u

þ!.��N&ÿì. &ÿì��m�A�ÝÌ�

É¬N¥16f�¤£ålÚ¤£�Ýû½. du

7f�¥16f[£Ç¯, >f��Ç�[£Ç�å

�, ¦�7f�&ÿì��m�A�~^�Óº��

Si-PIN��N&ÿì�', �m�A¯�õ. ^d�

{O����7f�&ÿì��m�AXã6¤«.

"�Ó��¬é&ÿì�m�A5U�)K�. ��

¡, "�¦�Ð¼�16fØ7������þÝÒ

Ê�
é	>´�&Ò�zL§l
\¯
&ÿì�

�m�A, ,��¡, d"�Úå�¬�Ñ�ü$


>f!�Ç�¤£�Ý, l
~ú&ÿì��A�Ý.

l&ÿì��m�Aÿþ(J�ÃÐ¼^�e�

nØO�(Jé'�±wÑ, nÜÐ¼Ú¬�Ñ�ü

«Ï���^�, "�ü$
&ÿì��m�A5U,

du&ÿì��æ^�7f���¬â��, ,��,

"��, &ÿì��m�A�Ø�Ä"�K��nØ

O�(J�'Ð°��, 'Si-PIN&ÿìE,k��

Jp.
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6 (Ø

d±þ¢�(J9Ù©Û¥�±wÑ, CVD7f

������>{Ç�p�1014Ω·cm, =ÏL{ü�

þ!.MSM(�, Ò�±����äknAþ?V>

6�&ÿì; ��¥�"�¬ü$&ÿì�>ÖÂ8

�Ç, >ÖÂ8�Ç�X>|�O�
O�, �>|

r��½§Ý����Ú, ®²ï��CVD7f�

&ÿì>ÖÂ8�m��719ps, 32.5V/µm|re

���ÚG�, >ÖÂ8�Ç�60.5%; À^"���

7f����±Jp&ÿì>ÖÂ8�Ç, lª(8)¥

�±wÑ, 3é­�>âf�ÿþ¥, 3÷v�>â

f��È�þÝ^�e, ÏL~���þÝ�±Jp

>ÖÂ8�Ç, l
Jp&ÿìé�>âf�(¯Ý;

¬�Ñ�´K�&ÿì�m�A�Ì�Ï�, À^�

¬â$�ü¬7f����±Jp&ÿì�m�A.
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Abstract The dark current, charge collection efficiency and time response properties of CVD diamond film detectors

are studied based on experiments and their theoretic analysis. The results shows: No PN or PIN junctions are needed

when preparing diamond detectors; charge collection efficiency of the detector will be reduced by defects in film, and it

increases and reaches saturation along with the increasing electric field between the two electrodes. The charge collection

time of our diamond film detector is about 719ps, and the charge collection efficiency can reach the saturation value of

60.5% under the electric field of 2.5V/µm. Scattering of the lattice may slow the detector response, so it’s necessary to

improve CVD technology and choose diamond film with big grain size.

Key words CVD diamond, detector, charge collection efficiency, sensitivity, time response
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