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^7ákÅÔzÆí��È{	ò��
��ß�ª7ò� GaAs 1>Ò4, È©(¯Ý�� 1980 µA/lm, Ó
��{I ITT úi��^7ò�Ò41Ì�A­�é', ©Oéüö?1
1Æ(�[Ü. (JL², ISÒ4
3 Ga1−xAlxAs �þÝ!Al |©!>f*Ñ�ÝÚ�.¡EÜ�Çþ�I	�3�å, ù��ISÒ4�7ò�
5UØ9I	. IS7ò�Ò4�L¡>fºÑAÇ!u��þÝ�I	Ò4[Ü(J��, ù¦�üö�Å�A
5U�O��uáÅÜ©��O. ,	�AÅã�Ì�áÂÇ�uI	Ò4, ��ISß�ª7ò� GaAs 1>Ò
41Ì�A!È©(¯ÝÿØ9I	.

'�c: GaAs 1>Ò4, 7ò�, 1>u�, 1Æ(�

PACS: 78.40.Fy, 79.60.Dp, 78.67.Pt

1 Ú ó

K>f�Ú³ GaAs 1>Ò4äkþf�Ç
p!�Å�A��A:, 3�1�Orì¥�A
^4�2, [1−4]. du711Ì�A�OrU

4�/O\�+éâ'//8I�&ÿ!£OU
å, eò�AÅ���ò��7É1Åã, K��
�7ò��1ì�3Yè!â'��¸e�A^
cµ��2� [5]. Cc5éIO GaAs 1>Ò4
�ïÄéõ, IS	�ïÄÅ�Ì��åuÒ4
(¯Ý�Jp. é7ò�1>Ò4�ïÄÌ�´
l GaN b	1>Ò4��Åò��¡5Ðm, �
O AlGaN/InGaN 1>Ò4, ÏL��u�� In |
©¢y�A1Ì�7ò�A5 [6]. ,
²LIS
	A�c�XÚïÄ, GaAs 1>Ò4�ïÄó�
®²'�¤Ù, 3dÄ:þéÒ4(�?1N�,

l GaAs 1>Ò41Ì�A­��áÅÜ©5ïÄ
7ò�5UäknØ�15Úy¢­�5.

GaAs 1>Ò4�áÅ�AÌ��ûu GaAs

u���þÝ!Ga1−xAlxAs I��� Al |©Ú
þÝ�Ï�. Sinor � [5] ïÄ
B�°Ý�I�
� Al |©O\��Cz�¹, �Ñ Al |©�p,

B�Uþ��, =�AÅ���. Kenneth � [7] �
OÑ��� AlGaAs/GaAs 1>Ò4, 3 530 nm ?
U¼� 40%�þf�Ç, 3 400 nm ?�1Ì�A
� 48 mA/W, �dÒ4I��Úu��Ñ´B�þ
?���þÝ, 3I���ó²þØ´¢y. Guo

� [8] JÑ
ü«#� GaAs 1>Ò4(���á
Å1Ì�A, =3 GaAlAs I��þ)�C Al |
©� GaAlAs �o�, ½´)��� GaAs �o�,

ù«�O~�
1>Ò4á�SÜ�¬���,

�´¤�Ò43 400 nm ?�1Ì�A'�$, �
k 2 mA/W.

�©ÏL�Oß�ª GaAs 1>Ò41Æ(

�ëê, ��7ò�Ò4�¬, ?11Ì�AÿÁ.
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�A­�?1é'ïÄ, éÑIS	7ò�Ò41
Æ(�þ��å, éI�7ò� GaAs 1>Ò4�
?�ÚnØïÄ�¢���äk��¿Â.

2 ¢ �

ß�ª7ò� GaAs 1>Ò4E,�±w¤
´dÀæÄ.!Si3N4 Oß�!Ga1−xAlxAs I�
�!GaAs u��|¤�o��X(�, Xã 1 ¤
«. �IO GaAs 1>Ò4ØÓ�?´u��ÚI
���ëê��, �)1ÆþÝ� Al |©.

ã 1 ß�ª7ò� GaAs 1>Ò4(�

cÏïÄ(JL², GaAs 1>Ò4u��
ëêK�1Ì�A­���ÅÜ©5U, I��
ëêK�1Ì�A­��áÅÜ©5U [9]. 7
ò�1>Ò4Ì�´3áÅ71Ü©k���
A, Ïd(�þA¦�U~�I��þÝ, Ó�J
p Ga1−xAlxAs á�B�°Ý, JpáÅ�A. �â
�°� Al |© x ��'X [10], X (1) ª, AO� Al

|©�.

Ej(x) = 1.424+1.594x+x(1−x)(0.127−1.310x).

(1)

�OÀæÄ.þ 5 mm, Si3N4 �þ 0.1 µm,

Ga1−xAlxAs �� GaAs ��oþÝ� 1.5 µm, Al

|©�Cq� 0.8. ¢�¥, ^7ákÅÔzÆ
í��È (MOCVD) 	ò����
ß�ª7ò
� GaAs 1>Ò4, ò�¬��¤�»� 18 mm

��¡, ±��ß�ª Ò4|��º�IO�
¦. -¹ckò�¬� GaAs �o�@¡K, ,
�3 Ga1−xAlxAs I��þÛ�� Si3N4 Oß�,

23 Si3N4 �þ9Ê�Àæ, ��ÏLÀJ5@¡
��{�g@¡K GaAs �.Ú Ga1−xAlx As {	
�, ��¤Xã 1 ¤«o�(��ß�ªÒ4|�.

|^b	 - �� - Cù	©11ÝO UV-3600 ÿ
Á|���Ç!ß�Ç�¢�­�, (JXã 2(a)

¤«. 3�¤éÒ4|��zÆ�WÚ9Àz�,

òÒ4|��\�pý�-¹¿-¹ (�.ý�Ý
Ø$u 10−9 Pa), Ò4-¹æ^ “p$§üÚ-¹”

{, ¿Ñæ^ Cs 
ëY!O 
äY�`z-¹ó
². -¹(å�, éÒ4�¬�µ¤+, |^3�1
Ì�AÿÁ¤ÿÁ���¬�1Ì�A¢�­�,

Xã 2(b) ¤«, áÅ�AUò�� 400 nm. ã 2(b)

¥Ó��Ñ{I ITT úi�^�Ð�7ò� GaAs

1>Ò4¢�­�?1é' [11].

ã 2 ß�ª7ò� GaAs 1>Ò4¢�­� (a) ISÒ41
Æ5U­�; (b) IS	Ò41Ì�A­�

3 (J�?Ø

lã 2(b) ¥�±wÑI	7ò�Ò41Ì�
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A3��°1ÌS'IS�Ñ�Ð�
, AO´�
áÅ����²w, ù�1>Ò4�á�5UÚ�
�ó²Ñk'X. ü^¢�­��1Ì�Aëêé
'XL 1 ¤«. �±wÑIS7ò� GaAs 1>Ò

4å©Å�Ø9I	Ò4�á, ¸��A�$, �
¸�Å��'I	�� �áÅÜ©, þf�Ç¸
�üö��Øõ, Ñ��
 42%, O�L²IS1
>Ò4È©(¯Ý'I	��$ 17%.

L 1 IS	ß�ª7ò� GaAs 1>Ò41Ì�Aëêé'

­� å©Å�/nm ��Å�/nm ¸��A/mA·W−1 ¸�Å�/nm þf�Ç¸�/% È©(¯Ý/µA·lm−1

IS 400 925 242.0 735 42.4 1980

I	 350 925 265.9 810 42.2 2392

�
?�ÚïÄü�Ò4�1Æ(�, I�é
üö�1Ì�A­�?1[Ü©Û. éþ!�,ß
�ª GaAs 1>Ò4, �½>.^��¦)*Ñ�
§�±��þf�Çúª [12]. �Ä�1>Ò4(

�¥ Ga1−xAlxAs I��é\�1f���K�,

é®kúª?1 Ga1−xAlxAs ��áÂ?�, ,	
ò1>Ò4|��1Æ5UK��Ä?� [9,13], �
�?���þf�ÇúªXe:

YT(hν) =
P · (1 − Rhν) · exp(−βhνTw) · αhνLD

α2
hνL2

D − 1
×

{
αhνDn + Sv

(Dn/LD) · cosh(Te/LD) + Sv · sinh(Te/LD)

−exp(−αhνTe) · [Sv · cosh(Te/LD) + (Dn/LD) · sinh(Te/LD)]
(Dn/LD) · cosh(Te/LD) + Sv · sinh(Te/LD)

− αhνLD · exp(−αhνTe)
}

, (2)

ª¥ P ´L¡>fºÑAÇ, Rhν ´1>Ò4
� � � Ç, | ^ � � 1 Æ Ý 
 ú ª O � � Å �
�¼ê [9,14], Tw ´1>Ò4I���þÝ, βhν

´ Ga1−xAlxAs á��áÂXê, Sv ´�.¡EÜ
�Ç, LD ´Ò4á�>f*Ñ�Ý, Dn ´>f*
ÑXê, Te ´Ò4u���þÝ, αhν ´ GaAs á�
�áÂXê.

1Ì�A S(λ) �O���âÙ�þf�Ç�
�p'X��:

YT(hν) = 1.24 S(λ)/λ, (3)

ª¥ S(λ) ü � mA/W, λ ´\�1f�Å�,

± nm �ü . |^¢�½O�¼��1Ì�A­
�È©�±O�1>Ò4�È©(¯Ý [9].

|^þ!�,Ò4��'úª (2) Ú (3) é
ã 2(b) ¥�ü^1Ì�A¢�­�©O?1[Ü,

�¬(�Xã 1 ¤«. éIS�¬(��O�®�,

�du��ó²���, ��ý¢�E,¬ l�
O�, �½Ø���3 7%±S[ÜO�. ,	¢�
¥�¬u��æ^�´�ê�,, �
Bué',

é�,ßÝ\�²þO�����þ!�,, ¤�
[Ü(Jk�N �, �Ek�½�ëì¿Â. d
uI	1>Ò4(�ëê��, [Ü��±���
��­�Ø�, �� 10%.

[ÜO���
ü��¬�(�!5U�ë
ê(J, �\L 2 ¥, �±wÑIS	7ò� GaAs

1>Ò4u��þÝ�OØ�. ïÄL²�½��
Su����, �ÅÜ©�A�Ð, ù�z«(�
1>Ò4�u��þÝÑ�3���Z� [10]. d
u��ó²��
I�Ò4��þÝ�°(��,


I	1>Ò4 Ga1−xAlxAs I����!Al |
©��, ù��
1Ì�A­�áÅÜ©��É,

l
I	1>Ò41Ì�A�áÅ�����²
w.

L 2 IS	ß�ª7ò� GaAs 1>Ò41Ì�A­�[Ü(J

­� u��þÝ/µm I��þÝ/µm Al |© L¡ºÑAÇ >f*Ñ�Ý/µm �.¡EÜ�Ç/cm·s−1

IS 0.9—1.4 0.2 0.8 0.47—0.51 2.2—3.5 5×104

I	 0.9—1.5 0.1 1.0 0.48—0.52 2.1—5.6 100—104
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3L¡>fºÑAÇþ, IS	Ò4�å®Ø
�, é7ò�1>Ò4ÑU�� 0.5 µm �m�Y
², L²æ^ MOCVD 	ò)��Ò4á�L¡ä
k���"�, é1>fu��ÇK�Ø�. d	
>f*Ñ�Ý�á�9Ù��ó²k', IS7ò
�1>Ò4�õ�� 3.5 µm, �éu¢�¥é�
�7ò�Ò4�¬5`, ù���®v
1>fÑ
$�L¡ºÑ; 
duá��`�5, I	1>Ò
4>f*Ñ�Ý�±�� 5 µm ±þ. 3�.¡E
Ü�Ç�¡, IS1>Ò4²þÑ3 104—105 cm/s

�m, ��
7ò�Ò41Ì�A�?�ÚJp;


I	1>Ò4�.¡EÜ�Ç®U���u 104

cm/s, d�Ò4�.¡éþf�ÇA�vkK�,

=�.¡EÜ�A®ØK�1>fu�
.

ã 3 ß�ª7ò� GaAs 1>Ò41Ì�A­�[Ü(J
(a) ISÒ4; (b) I	Ò4

3L 2 �[Ü��SÀJÜ·�ëêO�é

A���é[ÜØ��­�, ¤�(JXã 3 ¤«.

ã 3(a) ¥, éIS¢�­�áÅÜ©[Üé��,

�ÅÜ© 800—900 nm Åãþ[Ü� �, ¦�[
Ü�1Ì�A­�È©(¯Ý�� 2082 µA/lm, �
�ÌS­�[Ü�éØ�=� 5.84%. ã 3(b) ¥[
Ü�I	7ò�Ò41Ì�A­�È©(¯Ý�
� 2387 µA/lm, �¢�êâ�~�C, �ÌS­�
[ÜØ�� 8.91%.

ã 4 IS	ß�ª7ò� GaAs 1>Ò41Æ5Ué' (a)

áÂÇ���Ç; (b) ß�Ç

�â(�ëêéI	1>Ò4�1Æ5U­
�?1O�, Ó��ISÒ4�¢�­�?1é',

Xã 4 ¤«. ©Û1Æ5Ué1Ì�A�K�, l
ã 4(a) ¥�±wÑ, áÅÜ©I	Ò4��Ç­�
Ñy²w�]àCz, ù� Ga1−xAlxAs(x = 1.0) á
��1Æ~ê�k', ��
ã 3(b) ¥1Ì�A[
Ü­�3 400 nm �m?�Ñy
²w�Ø²�;
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ISÒ43�AÅãK�²w�õ. ,	3�Å
Ü©, ISÒ4��Ç!ß�Ç��uI	Ò4,


áÂÇ��uI	Ò4, �N31Ì­�þÒ´
üö�Åã��A�å.

^È©�½þL��Åãþ1Æ5U�N�
A [15], È©áÂÇO�Xe:

Af =
∫ λ2

λ1

A(λ)dλ, (4)

ª¥ λ1, λ2 �¤ïÄÅã�å�Å�, A(λ) ��
�1ÆÝ
nØO����áÂ1Ì¼ê [14]. a
q�O�È©��ÇÚÈ©ß�Ç, �âUþÅð
nö�Ú� (λ2 – λ1). ù�O���
ü��¬
3 350—1000 nm m�1Æ5UÈ©(J, �\L 3

¥.

L 3 IS	ß�ª7ò� GaAs 1>Ò41Æ5UÈ©(J

­� È©áÂÇ/nm È©��Ç/nm È©ß�Ç/nm

IS 447.5 96.8 105.7

I	 468.9 85.9 95.2

lL 3 �±wÑIS7ò� GaAs 1>Ò43
�AÅã�Ìþ�oN��ÇÚß�ÇÑ�²w
puI	Ò4, 8¥Ny�ISÒ4áÂÇ$, á

Â1f�, ��Ò4NS-u�1>f��, l

�ª1Ì�A!È©(¯ÝÑ�'I	Ò4$.

4 ( Ø

¢ � ^ MOCVD 	 ò ) � 
 ß � ª 7 ò
� GaAs 1>Ò4�¬, ¿^1Ì�AÿÁ¤ÿ
Á��
Ù1Ì�A­�, Ó��{I ITT úi®
����^È©(¯Ý� 2392 µA/lm �7ò�­
�?1
é'©Û, I�¢�¿Y²�7ò��¬
È©(¯Ý�� 1980 µA/lm. |^áÅ��Ú1Æ
5U?���þ!�,þf�Çúªéü^¢�
­�[Ü¿��
�¬(�ëê. (JL², du
��ó²���, ISÒ43 Ga1−xAlxAs �þÝ
Ú Al |©þ�I	�3�å, 
duá�5U�
��, ISÒ43>f*Ñ�ÝÚ�.¡EÜ�Ç
þ'I	Ò4��, ù��ISÒ4�7ò�5U
Ø9I	Ò4. �ISÒ4L¡>fºÑAÇU�
� 0.5 �m, �I	Ò4��, �O�u��þÝ�
I	[Ü(J�´���, ù¦�üö�Å�A5
U�O��uáÅÜ©��O. ù
(ØéUõI
�ß�ª7ò� GaAs 1>Ò4�(��O���
ó²äk�½¿Â.
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Abstract

One transmission-mode extended blue GaAs photocathode is prepared by MOCVD , whose integral sensitivity is 1980 µA/lm. Its

spectral curve is compared with the spectral curve of ITT photocathode for analyzing optical structure. The comparison indicates that

the differences lie in the thickness and the Al mole value of the Ga1−xAlxAs window layer, electron diffusion length, and back-interface

recombination velocity, which make the photocathode in this experiment inferior to that of ITT in extended blue performance. However

our surface electron-escape probability and the thickness of the GaAs active layer are in accordance with those of ITT, which leads

their difference in the long waveband part to be less than in the short one. In addition, our absorptivity in the whole response waveband

is smaller than that of ITT photocathode, which leads the spectral response and integral sensitivity of the domestic transmission-mode

extended blue GaAs photocathode to be inferior to the exotic one.

Keywords: GaAs photocathode, extended blue, photoelectric emission,optical structure

PACS: 78.40.Fy, 79.60.Dp, 78. 67.Pt

* Project supported by the National Natural Science Foundation of China (Grant No. 61171042), the Research and Innovation Plan for Graduate

Students of Jiangsu Higher Education Institutions, China (Grant No. CX09B 096Z), and the Nanjing University of Science and Technology

Researching Funding, China (Grant No. 2010ZYTS032).

† E-mail: bkchang@mail.njust.edu.cn

037803-6


