
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 7 (2012) 078503

777fff���������¥¥¥���ggg>>>fffÑÑÑ$$$������AAAkkkÛÛÛ���[[[

o+† N² i² ,�

( ¥Ió§ÔnïÄ�A^>fÆïÄ¤, �� 621900 )

( 2011 c 5 � 6 FÂ�; 2011 c 8 � 18 FÂ�?Uv )

�©ÏL?���� MATLAB �AkÛ§S, é�O��g>f37f���¥�Ñ$A5?1
ÐÚ�[.

ïÄL²: �g>f�[£Çé§ÝÚ	\>|���é¯a, 3,�ßÝ'�$� (< 1017/cm−3) É,�ßÝ�
K�Ø�. �[����g>f��Ú�Ý� 1.88 × 107 cm/s, Ã	\>|��[£Ç� 3732 cm2/V·s. Ó�, ÏL
é�g>fåì37f���¥��NÑ$A5��[, y²
åì>Ö�Ý3A^�¦���S�, �m>Öå
�K��±�ÑØO.

'�c: 7f����g>f�O1Ò4, �AkÛ�{, �g>fÑ$

PACS: 85.60.Ha, 79.20.Hx, 87.55.Kh, 72.20.Dp

1 Ú ó

�X\�ìEâ�uÐ, ��>f\�ìX
Ú, �Xgd>f-1 (FEL)[1]!Uþ£Â.��
\�ì (ERL)[2]!lf\�ì�>fe%� [3]

�, ÑI�UJøp²þ>6Úp�Ý>få�
Ò4. DÚ�1Ò4Ì�´7á1Ò4Ú��N
1Ò4 [4]. 7á1Ò4ý�Ý�¦$!Æ·�, �
´§�þf�Ç (QE) %é$, ¿�I�b	1°
Ä. ��N1Ò4�Ì�`:´äkp�þf�
Ç (QE), ,§é�¸�~¯a, 4´ÉÀ/. �

÷véÒ4�p�¦, Cc5<�uÐ
�«#
.�7f����O1Ò4 (DAP)[5−8]. �#�¢
�(JL², §Uò>6�O 40 �, åì>Öþ�
� 50 pC/0.5 mm2[9].

DAP �Ì��Ôn�nXe [10]. DÚ1Ò4
u�Ñ5�Ðg>få�\�� 10 keV, EÂ�7
f���þ, Bß�L¡�7á�, 37f�¥u
)��5Ñ�, Ðg>fUþ�Ü��, �)>f -

�Çé. >f - �Çé3	\>|��^e©l,

>f¤£�7f���,�L¡. ù�L¡��z,

±B�)K�>f�Ú³ [11](NEA). ��, >fl

L¡<º, u��>fl¥. ù�Ôny��¹

n�ÔnL§: �g>f��), �g>f�Ñ$
Ú�g>f�u�.

�©¦^ MATLAB ?�����AkÛ§S,

�[
ü��g>f�Ñ$5�, Ó���[
�
g>fåì��NÑ$5�.

2 O��{��.

�AkÛ�{~~A^u��NâfÑ$5
��ïÄ [12]. é>f37f�¥�Ñ$��[,

´ÏLJl>f3�N¥��*$ÄL§5¢y
�. ù��*L§�¹ü«�ÅL§: 1) gd�1
�m (=ügëY-E�m��mm�, 3ù�L
§¥, =É	\>|�\��^); 2) Ñ�¯� (=
Ñ�áuÛ«a.!Ñ��16f�UÄþX
ÛUC).

2.1 ÑÑÑ���¯̄̄���

>fÌ�ÏL(fÑ���Uþ, Ï�37
f����O1Ò4¥¦^�´XÝ�p�ü
¬, ¤±, 3·��[¥�Ä�Ñ�a.�1Æ(
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f�u�ÚáÂ, >l,��Ñ�, ±9(Æ(f
�Ñ� [13].

� 4 z 1 Æ ( f � u � Ú á Â � Ñ �
VÇ� [14]

τnop,e =
√

2π~2ρ

D2
0m

3/2

× ~ω0

[1 + n(β~ω0)](E − ~ω0)1/2
, (1)

τnop,a =
√

2π~2ρ

D2
0m

3/2

× ~ω0

n(β~ω0)(E + ~ω0)1/2
, (2)

Ù¥, e Ú a ©O�Lu�ÚáÂÑ�, E ´>f�
Uþ. Ù¦ëê�L 1. 3>f�1Æ(fÑ�±
�, ·�b½>f=UþUC, Ù$Ä��ØC.

3 ¿ § e, ( Æ ( f Ñ � µ þ � m � � �
Cq� [13]

τac ≈
π~3ρβṽs

2

4mΞ2k(E)
, (3)

Ù¥, k(E) ´>f�Äþ. (Æ(fÑ�=UC>
f���, ØUC>f�Uþ.

�(fUþ'�YUþ���, >l,�Ñ�
VÇ�±dþfåÆ�O�(J�ì?/ª��

τii(E) ≈αfsm
2c

4π~2

(
K2

0

Ni

)
kBT

ln 2

×
√

E(E + Eg)
E2

g

, (4)

Ù¥, T �L7f��§Ý, ü � K. Eg ´7f�
�YUþ. >l,�Ñ�Ï��¹
¥Õå, >f
Ñ�"�$Ä��Ø´þ!©Ù, ´=3$Ä�
�k����ÝUC, =� � ϕ þ!©Ù, 4
� θ ���Åê r UC [14],

cos θ ≡ rE2 − E2
ii

rE2 + E2
ii

, (5)

Ù¥ Eii ´>lUþ, ü  eV, §�½Â�

Eii =
q2

4πKsε0

(
4π

3
N−

A

)1/3

. (6)

2.2 gggddd���111���mmm

3�©¥, gd�1�m�(½¦^�F Γ �
� “gÑ�” ��{. Ñ�¯�ÀJ�VÇ�'u

§�Ñ�VÇ, ¤±, o�²þgd§�

λ = Γ−1 = τ−1
self +

4∑
j=1

τ−1
j

≡
5∑

j=1

τ−1
j , (7)

Ù¥, Γ ´~ê, L«o�Ñ�VÇ. τj ´þ¡0�
�o«Ñ��VÇ. d (7) ª�±��1 i �Ñ�
¯�u)�VÇ Pi(ε) �

Pk =

∑k
j=1 τ−1

j∑5
j=1 τ−1

j

≡ Γ
k∑

j=1

τ−1
j . (8)

��>f3��N¥Ñ$�Ä��[L§X
e: Äk, )¤��þ!©Ù��Åê 0 6 r 6 1,

dd�±��gd�1�m t = −Γ ln(r). 3gd
�1L§¥, >f=É�	\>|�\��^, Ï
d§�UþÚÄþÑ�±(½. 3gd�1�¤�,

dm©�Ñ��Åê r, �äÑ�¯��VÇ Pk:

Pk < r 6 Pk+1, ù�Òû½
Ñ�¯�a.. ��,

O�Ñ��>f�"� k′. Eù�Ä�L§, �
��[��.

L 1 7f�¥O��«Ñ�VÇ�ëê9Ù�

ÊK�~ê ~/(MeV · fm) 6.58 × 10−22

À�[ù�~ê kB/(eV/K) 1/11605

°[~ê αfs 1/137

>fk��þ m/(0.29 eV/c2) 0.57 m0

(fUþ ~ω0/eV 0.163

�Ý ρ/(g/cm3) 3.515

7f��Y Eg/ eV 5.47

1Æ/C³ D0/(eV/nm ) 209.96

(f�Ý ṽs/(m/s) 18000

(Æ/C³ Ξ/eV 8.4

0>~ê Ks 5.7

¥5,��Ý NA//cm3 ≈ 1014

3 �[(J�?Ø

3.1 üüü������ggg>>>fffÑÑÑ$$$���[[[(((JJJ

Äk·��[
ü��g>f���Ñ$5
�. 37f���¥�)��g>f�Ð©Uþ�
u�YUþ Eg (5.47 eV), ¿�du-EÑ�g>
f�Ð©>fUþ�$, �g>f�$Ä��R�
uÐ?>f$Ä��. 3�[L§¥, ·�b½>
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f�Äþ´n��, ¿��>f�p��I z 6 0

�, >f¿�. �â�AkÛ�{��n, P¹��
>fÏL7f��� N g�(J, ,��ÚO²
þ, ���ü��g>f�5�.

ã 1 ¤£ål Z �¤£�m t �'X

ã 2 �g>fUþ E �¤£�m t �'X

ã 1 � 	 \ > | F © O � 1 MV/m

Ú 10 MV/m, 7 f � � � § Ý T © O � 300 K

Ú 500 K �, >f¤£ål Z �¤£�m t �
'X. ã 2 ´�g>fUþ E �¤£�m t �C
z�¹. lùü�ã¥, ·�uy¤£ål Z é
	\>| F Ú§Ý T Ñ'�¯a. �g>fU
þ E É§Ý�K�Ø�, �é	\>| F '�¯
a, 3 10 MV/m �'3 1 MV/m ���õ. ù�½
5�©Û�(J´���: 	\>|���, >f
3gd�1����Uþ�õ, >f�Uþ���.

lã 2 ·��±wÑ, 3	\>|Ú(f-E��
p�^e, >f�Uþ3 1 ps NC��Ä�²ï.

~X, 3 F = 10 MV/m, T = 300 K �, ²ïUþ E

� 0.343 eV.

lã 1 ��±wÑ, >f�¤£ål�X¤£
�mA�¤�5O�, ùL²>f[£Ç µ É	

\>| F Ú§Ý T �K��é�. �
�Ð�ï
Ä§��'X, ·�ò�g>f[£Ç µ �	\>
| F Ú§Ý T �Cz�¹L«3ã 3 Úã 4 ¥.

ã 3 �g>f[£Ç µ �7f�§Ý T �'X. d�	\
>|� F = 10 MV/m

ã 4 �g>f[£Ç µ �	\>| F �'X. d�7f�
§Ý� T = 300 K

lã 3 �±wÑ, �g>f�[£Ç�X§
Ý T �O\üN4~, �±½5�)º�, �7f
��§ÝOp�, >f�(f�-EVÇO\, �
�>f�[£ÇC�. Ó�dã 4 ��, �g>f
�[£Ç�X	\>| F O\üNO\.

[£Ç�	\>|�'X�

µ =
µ0

1 + µ0F/vs
, (9)

Ù ¥, F L « 	 \ � > |, µ0 � L v k 	 \ >
|��¤£Ç, vs �L�Ú�Ý. �â (9) ªé
ã 4 �(J?1[Ü, �� µ0 = 3732 cm2/V·s,

vs = 1.88 × 107 cm/s.

�Ú�ÝnØúª� [15]

vs =

{
3~ω0

4m
tanh

(
1
2
β~ω0

)}1/2

. (10)

¦ ^ L 1 ¥ � ë ê, n Ø O � � ( J � vs =
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1.94 × 107 cm/s, �·���[(J��Ø�. ,
	, Õáª� CVD 7f�ü¬ÿ��(J� [16]

vs = 1.0 × 107 cm/s Ú µ0 = 2100 cm2/V·s, U
,7f�ÿ��(J� [17] vs = 1.5 × 107 cm/s

Ú µ0 = 2000 cm2/V·s.

ã 5 �g>f[£Ç µ �,�ßÝ�Ý NA �'X. d�
7f�§Ý T = 300 K, 	\>| F = 10 MV/m

,����ëê´,�ßÝ�Ý NA, ·�

ò§�[£Ç µ �'XL«3ã 5 ¥. �[�(J
L², 3·�ïÄ�$,�ßÝ (< 1017/ cm−3) �
�S, NA �K�¿Ø�.

3.2 ���ggg>>>fffåååììì���NNNÑÑÑ$$$���[[[(((JJJ

3.1 !�Ñ
ü�>f37f���¥�Ñ
$5�, ��!òélDÚ1Ò4Ñ5�Ð?>
fåì37f��S�)��g>fåì��
NÑ$5�?1�[. Ð?>fåìî�Úp�
Ñ´þ!©Ù, î���»� rmax = 1 µm, p
���Ý� Lz = 10 fs(0.585µm). ·�b½��
Ð?>f�) 218[12] ��g>f, ¿�b½Ð
?>f�Ý���>Öþ� 120 pC, î�þ!©
Ù, �Ý� rmax = 6 mm, p�pd©Ù, �þ�
� σz = 90 fs �åì�Ý��. 3�[¥, Ó��Ä

k!Ã�m>Öå��¹e>fåì�Ñ$5
�. Ù¥, >ÖåÚå���Ñt�§ÏLk��
©{¦), >Ö�ÝÏL cloud-in-cell �{��.

ã 6 Ð?>fåì/GÚ 30 ps ��g>fåì/G

ã 7 Ð3k!Ã�m>Öå��¹e, �g>fåìî�
Úp��p° FWHM �¤£�m t �'X

ã 6 ´ t = 0 �Ð?>fåì/GÚ t = 30 ps

�, �g>fåì/G.

�[(JL², �X�g>fåì3îp�Ó
�¤£Ú*Ñ, åì3éá��mS (< 1 ps) lþ
!©ÙC¤pd©Ù. �
�Ð�ïÄåì�ëY
Cz�¹, ·�¦^åì�p° (FWHM) ��å
ì��ÝÚ°Ý, §�½Â�åì�Ý��Ý��
�����°Ý. ã 7 ´î!p��p°�¤£�
m t �'X, Ù¥ “no poisson” �LØ�Ä�m>
Öå��¹, “with poisson” �L�Ä
�m>Öå
��¹. lã¥·��±wÑ, åì �p �� p°
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3 30 ps SC� 1 µm, î��p°A�ØC. Ó
�·�uy, 3�[æ^�åì�Ý�¹e, �m
>Öå�K�é�, �±�ÑØO. ù�(Ø�©
z [11] ¥�©Û´���.

4 ( Ø

�©æ^g?� MATLAB �AkÛ§S�
[
�g>f37f�¥�Ñ$. �[(JL²,

�g>f[£Ç µ é7f��§Ý T Ú	\>

| F �~¯a, É$ßÝ��S (< 1017/ cm−3)

� , � ß Ý NA � K � Ø �. � [ ¤ � � � g
>f��Ú�ÝÚÃ	\>|��[£Ç©O
� vs = 1.88 × 107 cm/s, µ0 = 3732 cm2/V·s. ÏL
é���g>fåì�Ñ$5���[, uyåì
�î��p°CzØ�. ¿�åì>Ö�Ý3A^
�¦���S�, �m>Öå�±�ÑØO. �©
�ïÄkÏu·��\n)7f����g>f
�O1Ò4¥�ÔnL§, � DAP ��OJø
��ë�.
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Abstract

The diamond-amplifier photocathode (DAP) offers a new widely applicable way to generate high average-current, high brightness,

and low thermal emittance electron beams. Physical processes with multiple parameters are important for the design of a reliable and

efficient DAP. To perfom a study in-depth, a 2D Monte Carlo model in MATLAB frame is built to simulate the secondary electron

transport in diamond. This simulation gives some proofs that the drift velocity is sensitive to diamond temperature and electric field

applied, but not sensitive to the low impurity density(< 1017/ cm−3). As an appropriate result, the saturation velocity of secondary

electron reaches 1.88 × 107 cm/s, and mobility without applied field is 3732 cm2/V·s. In addition, some properties of a secondary

electron bunch transported in diamond are discussed, which indicate that the effect of space charge under our considered electron cloud

density is small.

Keywords: diamond-amplifier photocathode, Monte Carlo method, secondary electron transport
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