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|^16f¤£ - *Ñ�., �[¿©Û
 InGaAs/InP ü16f1>&ÿì (Uni-traveling-carrier/UTC-PD) 3
ØÓ^�e�ÔnA59Ù�°Ú�ÚA5, (Üì�¢�(J©Û
K�ì�p�Úp�Ú5U�ÔnÅn. (
ØL²3áÂ«æ^ßÝìC�,ÚO\ InP á� (cliff layer), �±wÍJ,ì��ÚA5, p\�õÇeáÂ«
>|�¥´ì��Ú���Ï�, �»�u 20 µm � UTC &ÿì¥ RC ~êE´K��°�Ì�Ï�. Ø©�Ñ

`zì�(�!J,ì�5U�k��{.

'�c: UTC &ÿì, �m>Ö�A, pª, p�Ú

PACS: 85.60.Gz, 78.20.Bh, 78.55.Cr

1 Ú ó

y�1Ï&�×�uÐ�¦ØäJpXÚD
ÑNþ. WDM-ROF Eâ��)û “���úp”
�'�Eâé1�ÉªàJÑ
�p��¦, p
ª®²Ø2´����I, p�ÚõÇ!�ÑÑ
>6�¤� ROF XÚ�Ì�5U�I��. 3D
Ú p-i-n .¡\�1>&ÿì¥, ì��°Ì��
ûu16fDÑ�mÚ RC �m~ê. �~� RC
~ê, p-i-n &ÿì7L~�ì�¡È, d�16f
DÑ�mû½
ì��°. ,
~�Ï1¡È7,
¬�)ÍÜ(J!î0>{O�±99È\�A
wÍ�Ø|(J. ,��¡, �O�ÑÑ>6LO
\\�1õÇ�Ý, �´�m>Ö�A¬�� p-i-n
&ÿì×��Ú. ¤± p-i-n .&ÿìéJÓ�J
p�A�°ÚÑÑ�Ú>6.

g 1997 cJÑ UTC &ÿì [1], §3p�°Ú
p�Ú���`ÉA5ÒáÚ
<��5¿. In-
GaAs/InP UTC &ÿìòáÂ« (InGaAs) Ú�m>

Ö« (InP) �p©l. 3 p .áÂ«¥, 1)�Ç´
õê16f, Ù0>µþ�m�~á, ��3áÂ
«SEÜK. áÂ«S1)>fK3*Ñ!¤£�
^e�Ñ¦��m>Ö«$Ä, ?\Ñ¦«�3	
|�^e×�¤£¿�Ò4Â8. ÊÏ p-i-n &ÿ
ìÉ�m>Ö�AK�, 16fÑ$�mþ�ûu
�Ý�ú��Ç, ì�5UÉ�4����. UTC
&ÿìS=k>f�k�16f, Ï
4�/Ø 

Ù16fDÑ�m, �m>Ö�A��k�³�.
Ó� UTC &ÿì|^�ÝLÀ�A, >f¤£�
Ý�� 4 × 107 cm/s[2], �pu InP >f�Ú¤£�
Ý (1 × 107 cm/s)[3]. Ï
�ÏL`zì�(�¢y
p�9p�ÚõÇA5.

F� NTT úi� Ishibashi �<ÏL~� UTC
&ÿì¡È, Jp
 3 dB �°. 2000 cTïÄ|ò
ì�º�~��
 5 µm2, ¢y
 310 GHz ��°,
ù´î8�� 3 dB �°�p�¡\�&ÿì, �
´�AÝ=k 0.07 A/W[4]. Campbell �ÇïÄ�|
KX­upõÇïÄ [5,6], �A�nØ©Û¿Øõ.
&ÿì�°Ú�ÚÅn�Ôn)ºÏ~¦^ê�
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�[. ©z [7] �[
 UTC ì� 3 dB �°�K�
Ï�, �´vk�Ä��ÚÅn. ·��K|Q|
^16f¤£*Ñ�.�[¿ïÄ
�«ü16
fDÑ1>&ÿì��m>Ö¶-�A [8]. T©¥
¤æ^�ì��.��¹ InP á�, Ï
Ù�ÚÅ
n�Ï~� UTC ì�Ø¦�Ó.

�©Äk0�
�[ì��(�ëê9�[
^�, ,��[©Û
ì��Ä�ÔnA5!p\
�1õÇe��ÚÅn!�&Ò�.e��°�
AA5. �[(JL²�\�1õÇe, UTC ì�
áÂ«>|Äk�¥, >f����*Ñ$ÄÞ�
�Ñ¦«. d��m>Ö¶-�A�\�1õÇO
�
Or, �ª��ì��Ú. ®�¤�ì�¢�
(J�', �©�Ñî0�Ñ�91�A´E¤¹
e��º� UT C &ÿì¢ÿ�ÚA5�$u�[
(J��Ï. �°ÿÁ(JL², 3ì��¡¡È
����¹e, RC ~êE´�� UTC ì��°�

Ì�Ï�. d	, �©JÑ
ì�(��`z��.

2 UTC (��O��[^�

�O
�\� UTC &ÿì, 	ò�(�Xã 1
¤« [9,10]. ­�� 1.4Q-InGaAsP �� P .î0�
>�, 1.3Q-InGaAsP �±��áÂ«>f��*
Ñ. 110 nm þáÂ«æ^ìC�,(�, ±�ïg
ï>|\�>fÑ$. InGaAs/InP É�(LÞ«æ
^��� InGaAsP. É�(LÞ«� InP �m>Ö
«�mæ^
 10 nm �­� InP á� [1], Ù�^´
.$ InP Ñ¦«�³^pÝ, Jp InGaAs �ý�
>|rÝ, k|u>fB�É�(³^. ì�(>
N�ûuÑ¦«þÝ, �ü$(>NJp�A�Ý,
·�æ^ 300 nm þ InP. ��æ^ 700 nm þ n .
­� InP ��Ò4î0�>�.

ã 1 UTC ì�(�

�[¥æ^16f¤£*Ñ�., Ä��§´
Ñt�§!>6�Ý�§Ú>6ëY5�§. �{
z�[L§, ­:©Û�m>Ö�AÚ RC ~êé
ì�5U�K�, é�[^��
Xeb½:

(1) b�16fÏL�B�AÞ�É�(, Ø
�ÄÉ�(�16fÈ\;

(2) Ø�ÄM){|, b�ì�(>N�o>
N, K1>{� 50 Ω, �Ñ{|éì� Ø�©Ø;

(3) Ø�Ä9È\�A;

(4) � ° �[ æ ^ �& Ò � ., \ � 1 d p
.�ýþ!\�, �[ �æ^�ì��¡¡ È
� 10 µm2, á�ëêë�©z [11] Ú [12].

3 UTC ì��p�ÚA5�[9©Û

UTC &ÿìáÂ«Ï~�,ßÝFÝìC. �
âª (1), �,ßÝ�5ìC� 110 nm þáÂ«S
�±�ï��²þ|r� 9.5× 103 V/cm �gï>
| E:

E =
k · T

e · p(x)
· dp(x)

dx
, (1)

Ù¥ p(x) �ÉÌ�,ßÝ. Tgï>|k|u1)
>f¤£�Ñ¦«.

�ÊÏ p-i-n &ÿì�', UTC (�¥Ú\

­�,� InP á�. ÙþÝÚ�,ßÝéì�5U
K���. pßÝ�,á�¥�>l�Ì¬3áÂ
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«�ý�)��>|, 3�m>Ö«�ý�)��
>|, Xã 2 ¤«. Ù��>|�áÂ«gï>|
Ó��. ��>|K¬{N>f�Ò4>4$Ä,
?
K�ì�3" e��A�ÝÚ�Ú>6. �
éì��\ 0.7 V � �, S	>|�p-�, �m
>Ö«S�ïáå�$� −320 V/cm �>|. �
	\� �� 2V �, �m>Ö«��>|��w
ÍOr, ��	\ ØO\
O�. III-V xá��
>f¤£�Ý�>|'X� GaAs �., $|e�
>f�Ý�±�pu�Ú¤£�Ý.[11,12] dã 2 �
�, Tì�áÂ«S�>f²þ�Ýpu�Ú�Ý,
k|uJpì��°Ú�ÚA5.

ã 2 ØÓ Øe, Ã1ì UTC &ÿì�ÛÜ>|©Ùã (áÂ
« (0.88—0.99 µm), Ñ¦« (1—1.3 µm))

ROF XÚ�¦�\àì�k�p��ÚÑÑ
>6. ã 3 ¤«��¡¡È� 10 µm2 �ì�3Ø
Ó Øe�[ÑÑ>6�\�1õÇ�'X. dã
¥��, Tì�3�5«S�AÝ�� 0.16 A/W,
�nØ�OÚ¢�(JÄ��� [9]. Ù�Ú\�
1õÇ�Ý3 0 V  Øe� 0.3 × 107 W/cm2, �
X ØO�
O�. 7 V � eì�vk���Ú.
�[��ÚÑÑ>6�puÁ�(J [9], Ì��
Ïk±eü:. Äk, �[L§��Äî0>{9
M)>{. 3�>6ÑÑe, >{¬©6Ü©Øü,
��ì� Øü$ [13]. 3" Øe$�¦ì�S
Ü�)�� �, ¦ì�Jc?\�ÚG�. Ùg
�[¥��Ä9�A. du InP Äá�91�A�
�wÍ, Ï
·�¢S���ì�¥�ke��º
� UTC ì�391�Ae¬¦¥%�AÅ�u)
 £, �AÝü$, ÑÑ>6~�, XÚJc?\�
ÚG� [10].

p\�1õÇeì�SÜ>|©ÙÚ16f
ßÝ©Ù¬u)�ACz, l
�)²w��m
>Ö�A. ã 4(a) � 1 × 108 W/cm2 \�1õÇ�

Ýe, ì�3�ÚG���>|©Ù. é'ã 2 �
�, áÂ«S>|��¥�, >fÞ�����*
Ñ$Ä. Ù�Ï´�ÚG�e, áÂ«S�ê16
f>fßÝ�p, Xã 4(b) ¤«, ¦�áÂ«Sg
ï>|���¶-. Ó�p�� InP á�¶-
á
Â«, 	\ Ø��üá3Ñ¦«S. ã 4(b) � (c)
L², áÂ«S1)>f��ÇßÝ�Ó, ��p
u�,ßÝ, (�
>¥5^�; �m>Ö«¥�
CÉ�(�ý>f!�ÇßÝ��C, ��X��
 ØO�
ü$. dd��, 3�Ú^�e, áÂ«
kÜ©�Ç��*Ñ�Ñ¦«S, ���$� e
�m>Ö«¥É�(LÞ«�ý|rü$, �	\
 ØO� −4 V �âU¦�m>Ö«SÄ�Ñ¦.
d�, ì���A�Ý���ûu>f*Ñ�Ý.
ã 4(d) ¤«�Ã1ì^�e, >fßÝ©Ù� Ø
�'X. 3 0 V  Øe, n .­�� InP á�NC>
fßÝ�p. �X ØO�, 	|�^ÅÚ-�S
|, 3 −2 V  Øe�m>Ö«S��ïáå��
>|, >fßÝ×�ü$. é'ã 4(b) Ú (d) ��,
16fßÝ©ÙCzÚå��m>Ö�A´��
ì��Ú�­�Ï�.

ã 3 ì��Ú>6� ØO\
O�

ã 5 ¤«� 4V � Øe, >|©Ù!>f9
�ÇßÝ�X\�1õÇO\
UC. é'ã 4(a)
��, 3 5 × 107 W/cm2 \�1õÇ�Ýe, ì�ÿ
��Ú. ,
3 1 × 107 W/cm2 \�1õÇ�Ýe,
áÂ«>|®��¥�, =� 1 kV/cm, d�>fÌ
���*Ñ$ÄÚ9>fu�?\Ñ¦« [14]. �
X\�1õÇO�, 1)16fßÝ�O�, ÏL
*Ñ?\Ñ¦«�>fêþ�Oõ. Ñ¦«¥�C
É�(LÞ«�ý, >fßÝ�\�1õÇO\

O�, ÛÜ|rK��ü$. Ï
3 4 V �½� 
e, �C n .>4�ý|r�\�1õÇO\
O
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ã 4 (a) �ÚÑÑ�, áÂ«S>|¥�, Ñ¦«S>|� ØO\
O�; (b) �ÚG�eáÂ«ÚÑ¦«>fßÝ©
Ù; (c) �ÚG�eáÂ«ÚÑ¦«�ÇßÝ©Ù; (d) Ã1ì�, ØÓ ØeáÂ«ÚÑ¦«>fßÝ©Ù

ã 5 4 V � e, >|�1õÇ�ÝO\
O�

�. �\�1õÇ�Ýpu 5 × 107 W/cm2 �, �m
>Ö¶-�A��wÍ, Ñ¦«>|Ø2kwÍC
z, >f>6�Ýªu�Ú, ì�?\�Ú«. dþ
ã©Û��, ì��ÚÑÑ>6�>f3áÂ«S
�*Ñ$Äk', Ï
æ^áÂ«ßÝìC�,Ú
á� n .­�k|u>fÑ$�Ñ¦«, Jpì�
�Ú>6. ©z [8] ¥¤�[�ì�vk InP á�,
�Ú�áÂ«>|�	\ ØO\
O�, �m>
Ö«>|K���¥. ��O\
 InP á��ì�

�ÚÅn��ØÓ, d�áÂ«S>|�¥, �m
>Ö«�Ü©«�EU�±Ñ¦, 
 InP �p�Ú
¤£�ÝkÏuJ,�ÚÑÑ>6. ,��¡, d
u UTC &ÿìòáÂ«ÚÑ¦«©l, �|^�
þ�Ñ¦«~�(>N!Jp�°, 
 UTC &ÿ
ì¥Ú\ InP á��3�ÚG�eEU�±�m
>Ö«�Ü©«�?uÑ¦G�, ¤± RC ~êû
½��° fc CzØ�. UTC ì��5Uéì�(
�4�¯a, InP á��þÝÚßÝ��é�ÚA
5�äNK�ò3�5ó�¥�\ïÄ.

4 UTC ì��pªA5�[9©Û

ì��A�Ýd16fÑ$�mÚ RC ~ê�
Óû½. � UTC (��áÂ«þ!�,�, Ñ¦«
S>f�Ý�puáÂ«, ¤±Þ��mû½��
° ft dáÂ«S>f�*Ñ$ÄÚ9>fu��
Ý�Óû½ [14]:

ft ≈1/(2πτα)

=1/(2π(W 2
α /2De + Wα/υth)), (2)

Ù¥, Wα, De, υth ©OL«áÂ«þÝ!Ñ¦«
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þÝ!áÂ«>f*ÑXê!áÂ«9>fu�
�Ý. du�[æ^� UTC ì�áÂ«æ^
ì
C�,, Ï
7L�Ä�áÂ«Sgï>|é>
fÑ$�m�K�. ã 2 w«áÂ«S>|rÝ
�p, Ï
>f²þÑ$�Ý���Ú¤£�Ý
�'[ [14]. �[(Jw«, ft 3 0 V Ú −1 V  
Øe�±�� 100.5 GHz Ú 206 GHz. éu�»
� 20 µm ��/�¡ì�
ó, RC �� fc E´û
½ì��°�Ì�Ï�. d RC ~êû½��° fc

��u ft, Ï
ì� 3 dB �°�Cq� fc. Tì�
3 0 V Ú 1 V � eÿÁ 3 dB �°©O� 5.1 GHz
Ú 17.05 GHz. ã 6 o(
ØÓ�¡�»ì���
[�°�¢ÿ�°, ê�Ä��� [10]. ,
, �ì
�º�?�Ú ��, 16fÑ$�méì��
°K�ÅìOr. ã 7 �Ñ
�º� UTC &ÿì
��[ 3 dB �°� NTT ¢�(Jé'. ã¥ì
� A!B ��¡¡È~�� 20 µm2!áÂ«þÝ
þ� 140 nm, Ù¥ A �áÂ«ìC�,, B �áÂ
«þ!�,, A ì�� 3 dB �°� 152 GHz, �p
u B ì�� 119 GHz, dd��áÂ«ìC�,(
�é�°JpkwÍ�^ [14]. êâ C �ÿÁ�°
� 310 GHz, ù´î8��¡\�&ÿì¥¤��
��p(J [4]. T&ÿì�¡¡È 5 µm2, ¿æ^
�� 12.5 Ω �K1{|±~� RC ��, Ó�Ùá
Â«þÝ= 30 nm, k�/ü$
16fÑ$�m.

ã 6 UTC ì��[�°�ÿÁ(J'�

é'ã 6!ã 7 ��, ~�>N�4�/J
p 3dB �°. ,
ì�(>Nd�¡¡ÈÚÑ¦«
þÝû½, ~��¡¡È7,¬O\î0�>>{,
Ó�ü$
\�1ÍÜ�Ç, éó²�¦�p. �
'�e, �m>Ö«S>fÞ��m��uáÂ«
SÞ��m, Ï
·�O��m>Ö«þÝ¿Ø¬
wÍü$ ft. ¤±é��¡È� UTC &ÿì
ó,
O��m>Ö«þÝ´Jp�°�k��{.

ã 7 �º� UTC ì�3 1V � e��[�°� NTT ��
(J'�

5 ( Ø

�©|^16f¤£ - *Ñ�.�[
 UTC
&ÿì��°Ú�ÚA5. �[(Jw«�m>
Ö¶-�Aéì��ÚA5kXwÍK�, �Ñî
0�Ñ�91�A´E¤¹e��º� UTC ¢ÿ
�ÚA5�$u�[(J��Ï. �[�¢�(J
L², UTC ì�5Uéuì�(�4�¯a, 3á
Â«æ^ßÝìC�,ÚO\ InP á��±²w
J,ì��ÚA5. ïÄL², éu�»� 20 µm
� UTC &ÿì, RC ~êE´K� 3dB �°�Ì
�Ï�, ·�O��m>Ö«þÝ�±k�Jp
ì� 3 dB �°. 
U?áÂ«(�´Jp��º
� UTC &ÿì�A�°�k�å».
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Abstract

The drift-diffusion theory is adopted to simulate the bandwidth and the saturation characteristics of InGaAs/InP uni-traveling-

carrier (UTC) photodetector. According to the experiment results, we analyze the physical mechanisms in high speed and high power

UTC photodetector. It is shown that introducing the cliff layer and the gradually doped absorption layer can enhance the saturation

characteristic obviously. Electric field collapse in the absorption layer leads to the saturation, and RC constant is still a limitation factor

for device with diameter larger than 20 µm. In this paper we point out the effective methods to improve device performance.

Keywords: uni-traveling-carrier photodetector (UTC PD), space charge effect, high speed, high power
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