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7á� Ge á��>du�3r��¤�¹S�A, ��7á>4� n . Ge �>Ú\����>>{, ��

 Si Ä Ge &ÿì�A�°. �©��
3 SOI �.þ	ò Ge ü¬��¿��
ØÓ�¡ºÝ� Ge PIN 1>
&ÿì. é'
>4©O�7á Al Ú Al/TaN U��äk�Óì�(�� SOI Ä Ge PIN 1>&ÿì�V>6!
�AÝ±9�A�°�ëê. uy3 Al � Ge �mO\��� TaN �k�~� n . Ge ��>>{, ò�¡�»
� 24 µm �&ÿì3 1.55 µm �Å�Ú −1 V  Øe� 3 dB �A�°Jp
 4 �. Ó�, ì�V>6~���êþ
?, 
�AÝJp
 2 �. (JL², æ^ TaN ����7á� Ge �>>4, �k�ðz7á� Ge .¡, ~�¤�
¹S�A, ü$7á� n-Ge �>�³^pÝ, Ï
~��>>{Ú.¡EÜ>6, Jp&ÿì�1>5U.

'�c: Al/TaN, �>>{, Ge PIN 1>&ÿì, pªA5

PACS: 61.82.Bg, 73.40.Cg, 85.60.Gz, 62.25.Fg

1 Ú ó

Si Ú Ge Óáu1x��, Ge á�' Si äk�
p�16f[£Ç, 3Cù	Åã (1300—1500 nm)

äk��áÂXê, Ó� Ge �±��	ò3 Si �
.þ, � Si CMOS ó²�oN, ¤± Si Ä Ge á�
�~·Üu��^u1Ï&Ú1pë�Cù	1
Åã1>&ÿì. Cc5, é Si Ä Ge 1>&ÿì
�ïÄ®²��
é��?Ð [1], �´du Ge L
¡��Ý�p, 7á� Ge �>�3r��¤�¹
S�A [2], ��7á� n . Ge ��>³^pÝ�,

�>>{�. 
Gé>{î­��
&ÿì5U�
Jp. 8c~�7á� n . Ge �>>{kü�å
»: �´Jp n . Ge ��,ßÝ; ,�«´ü$
7á� n . Ge �>�³^pÝ. ,
, du�,
�� (X P) 3 Ge ¥�MÝÉ����3 Ge ¥*
Ñ'�î­, AO´3pßÝ�,�¹e, ,�*

ÑXê��,ßÝ�', ¤±ØØ� �,�´l
f5\�{/¤��,«, n . Ge ��,ßÝÑ
É��½���, d	, lf5\¬Ú\"�, O\
ì��V>6 [3]. 1�«å»C
cuÐÑü«
�{: 1) æ^37áÚ n-Ge �m�\���ý�
� (X Al2O[4]

3 , SiN[5], GeO[6]
x , TiO[7]

2 �) ±ü$³
^pÝ, �´0>Ô�¬Ú\���Gé>{ [8];

2) ��æ^zÜÔ7á ('X: TiN[9], TaN[10]) � n-

Ge �>, �,zÜÔ7á'ü�7á�>{Ç�
��
, �´ÙÚ\�Gé>{�éu1�«�{
%��õ.

3 2010 c, ·�uyB�?7á5 TaN �
�¥m�, �±k�N! Al/n-Ge �³^pÝ [10]:

� TaN �þÝ�u 10 nm �, Al/TaN/n-Ge �³^
pÝ�X TaN þÝ�O�, ³^pÝl Al/n-Ge

�>�³^pÝ (0.61 eV) ü$� TaN/n-Ge �³
^pÝ (0.44 eV); 
� TaN �þÝ�u 10 nm �,

Al/TaN/n-Ge �³^pÝ�±ØC, � 0.44 eV. Ù
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�Ï´ TaN � n-Ge �>, du Ta Ú N >K5�
�É, 3.¡?/¤
ó4f�, Ú\�����
��>³�, ü$
³^pÝ; ,��¡, TaN ð
z
 Ge L¡, 3í��È TaN �L§¥, .¡?
� n-Ge �]!�� N lfðz, ü$.¡��Ý.

Ïd, eæ^ TaN �>4, ýO�±k�~�ì�
��>>{, l
k�UJp&ÿì� 3 dB �°,

~�V>6.

�©ò Al/TaN (15 nm) >4^u�� Si Ä Ge

PIN 1>&ÿì, ò§�^ Al �>4� Si Ä Ge

PIN 1>&ÿì�5U�é'. ©Û
 Al/TaN >
4� n+Ge ��>>{, 9Ùé&ÿìV>6, �A
Ý±9�A�°�K�, ?Ø
 TaN é7á�÷.
¡�ðzÚ�>³^pÝ�N�Ån.

2 ¢ �

3�pý�zÆí��ÈXÚ (UHV/CVD) ¥
æ^$§ Ge �ÀEâ3 SOI �.þ	ò)�

� 1 µm þ� Ge ��. äN)�L§�: kò SOI

Ä�.�WZÀ, �\ UHV/CVD ¥, 3 900 ◦C e
ð§ 30 min ±�Ø�.¥�YðÚL¡�!%�
,��f/¤�'�)�L¡. ,�3 310 ◦C e,

Ï\
íNX GeH4 )�� 90 nm þ�$§ Ge �
À�. 2ò§ÝJp� 600 ◦C, )�Ñ� 800 nm

��� Ge �. ��, æ^ BH3 (H2 Dº� 0.5%)

?1 p .�,. ��þ� 200 nm, �,ßÝ�
� 1018 cm−3 � p .�. ��3 600 ◦C e, )�

� 2 nm � Si ��L¡ðz�. Ge ��� X �
�û� (XRD) ¸��p°� 112′′, �du Si Ú Ge

�9��Ú\
� 0.16%�ÜAå. Ge 	ò� �
�Ý�� 4 × 107 cm−2.

SOI Ä Ge PIN 1>&ÿì��¡«¿ã�
ã 1. �¡ã/��/, æ�V�¡(�±~�M
)>N. �
�ÐNyÑ>4éu 3 dB �°�K
�, ~� Ge �À�¥� �éu 3 dB �°�K
�, þ�¡��¡�Ý�O¤�� 750 nm. ^ CF4

íN�¡Ñþe�¡�, 2^�lfNOrzÆ
í��È (PECVD) �{�È� 370 nm � SiO2

��ðz�. ,�|^IO�1�Ú�zÔ@
¡ó²�mþ!e�¡��>I�. éþ!e
�¡©O?1
 B lf (5\Uþ� 40 keV, J
þ� 4 × 1015 cm−2) Ú P lf�5\ (5\Uþ

� 33 keV, Jþ� 2 × 1015 cm−2) ±¼��Ð�
7á� p .Ú n . Ge �î0�>. lf5\�
3 650 ◦C eò» 15 s ±-¹�,. ò5\���
¬©¤�Ó�ü°, |^^�í�Å©Oí� Al

(200 nm) Ú Al (200 nm)/TaN (15 nm) �&ÿì��
>>4. e¡òæ^ Al >4� PIN 1>&ÿì¡
� Al PIN 1>&ÿì, æ^ Al/TaN >4� PIN 1
>&ÿì� Al/TaN PIN 1>&ÿì.

ã 1 (a) SOI Ä Ge PIN 1>&ÿì�î�¡«¿ã;
(b) &ÿì1��ã, �>�&ÿì�ã, m>�ÿÁ�
>>{^��ã

3 (J�?Ø

3.1 ���>>>>>>{{{ÿÿÿÁÁÁ

ÿÁ7á� Ge �>��>>{�1��ã�
ã 1(b). �,ã/må�kü�ê�, O�¤��
�>>{Ú'�>>{Ç�ê��°(ÝØp [11],

�´E,�±^ué'ü«>4��>�¹. ØÓ
må>4�m�>6>ØA5 (I-V ) «uã 2 ¥.

�âã 2 �Ñ�ØÓmå>4m�>6>Ø
A5, ·�O�
7á�÷��>>{Ú'�>>
{ÇXL 1 ¤« [11]. lL 1 ¥�±wÑ, Al/p+Ge

äk����>>{. du Ge L¡��>¥5U
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? u Ge d�±þ� 0.1 eV ? [2], Ïd Al � p-Ge

�>äk����Ç³^, ¼�
�Ð�î0�>.

,
, du Al � n-Ge �>�>f�AÄ³^�
� (�� 0.61 eV), Ïd�,?1
�pßÝ��
,, ¤��� Al/n+Ge ��>>{�,é�, Ù'
�>>{Ç' Al/p+Ge �>��
�o�êþ?.

�æ^ Al/TaN U�>4�, du Al/TaN (15 nm)/n-

Ge �>�>f�AÄ³^ü$�� 0.44 eV, Ù'
�>>{Ç' Al/n+Ge �ü$
���êþ?.
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m
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A

ã 2 Al Ú Al/TaN � Ge �>ØÓmå>4m�>6>Ø
A5 (a) �� p+Ge �>; (b) �� n+Ge �>

L 1 Al PIN Ú Al/TaN PIN 1>&ÿì��>>{Ú'
�>>{Ç�J�(J

�¬ Al PIN Al/TaN PIN

�>aO Al/p+Ge Al/n+Ge Al/p+Ge Al/TaN/n+Ge

Rc/Ω 9.47 1387.2 8.89 229.0

ρc/Ω·cm2 1.98 × 10−4 3.35 1.66 × 10−4 6.02 × 10−2

3.2 VVV>>>666AAA555

ã 3 �Ñ;.��¡�»� 24 µm �ü«&
ÿì� I-V A5, >6ÿÁ´3Ã1ì�^�e?
1�. �±wÑ, æ^ Al/TaN � n+Ge �>4, PIN

&ÿì��6'k���Jp, ��>63 +1 V

eJp
��êþ?±þ. ?�ÚL²æ^ Al/TaN

>4k�~�
&ÿì�Gé>{. 3�� Øe,

æ^ Al/TaN >4� PIN &ÿì�V>6k²w�
~�. 3 −1 V ��¹e, Al >4 PIN &ÿì�V
>6�Ý� 280 mA/cm2, 
 Al/TaN >4 PIN &ÿ
ì�V>6�Ý~�
� 4 �, �� 76 mA/cm2.

/
A

-3 -2 -1 0 1
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Al/TaN PIN

Al PIN

280 mA/cm2 @-1 V

76 mA/cm2 @-1 V

ã 3 �¡�»� 24 µm � Al PIN (a) Ú Al/TaN PIN;
(b) 1>&ÿì�V>6Ú>Ø�'Xã

��� PIN 1>&ÿì�V>6´dNV>
6ÚL¡V>6�¤�, �±^eªL� [12]:

Jsurf × 2πr + Jbulk × πr2 = Itotal, (1)

Ù¥ Jsurf �L¡V>6�Ý, Jbulk �NV>6�
ÝÚ Itotal �o�V>6. �

)V>6�5
,

·��Ñ
ØÓ�»�¡�&ÿìV>6��¡
�»�'X. ã 4 �Ñ&ÿì3 −1 V >Øe�V
>6��¡�»�'X.

�â (1) ªéã 4 ?1­�[Ü�±�� Al

PIN &ÿì�NV>6�ÝÚL¡V>6�Ý
©O� 72.5 mA/cm2 Ú 90.5 µA/cm. Al/TaN PIN

&ÿì�NV>6�ÝÚL¡V>6�Ý©O
� 66.5 mA/cm2 Ú 50.2 µA/cm. Al/TaN PIN &ÿì
�V>6�ÝÚ Al PIN &ÿì�V>6�Ý�',

NV>6�Ý��Ø�, Ù�Ì�´d Si Ä Ge &
ÿìk
�(¬�þ! ��Ý±9lf5\Ú
å��ú�E¤�.

,
, Al/TaN PIN &ÿìL¡V>6�é��
õ, L²æ^ TaN ���>4�³�L¡V>6�
�). ·��c�ïÄL² [10], � Al/TaN ¥� TaN

þÝ�u 10 nm �, Al Ø¬*Ñ� TaN/n-Ge �m
�.¡, ¤± Al/TaN (15 nm)/n-Ge �>�.¡�I
��Ä TaN/n-Ge �>�.¡. 
L¡V>6�~
�, L²3í� TaN �L§¥, N lfÜ©�Ú Ge

L¡�]!�, å�ðz Ge L¡��^. Ï
~�
.¡��Ý, éü$ TaN/n-Ge >f³^pÝ�k
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�½��z.

ã 4 3 −1 V  Øe, A l PIN (a) Ú Al/TaN PIN (b) 1>
&ÿì��¡�»ÚV>6�'X

3.3 ���AAAÝÝÝ

3Å�� 1.55 µm Ú\�1õÇ� 6.5 mW �
1ìe, �Ó�¡��� Al PIN Ú Al/TaN PIN 1
>&ÿì��AÝ��� Ø�'XXã 5 ¤«,

Ù¥�AÝ�O���Ä\�1��ÚÍÜ��
Ñ. 3 −1 V  Øe, Al PIN Ú Al/TaN PIN 1>&
ÿì�1�AÝ©O� 0.18 A/W Ú 0.35 A/W, é
A�	þf�Ç©O� 14%Ú 28%. Al/TaN PIN

1>&ÿì�1�AÝ' Al PIN 1>&ÿìp

� 2 �.

Ï� Al/TaN PIN Ú Al PIN �ì�(���
�Ó, �´>4ØÓ. ¤± Al/TaN PIN &ÿì�
�AÝ�Jp� Al/TaN/n+Ge �>�.¡5�k
'. �1)16f²Lp�� n+ ��7á�>
.¡�, du Al/TaN/n-Ge �>f�AÄ³^pÝ
' Al/n-Ge $, ¤±6² Al/TaN/n+Ge .¡�1)
16f�' Al/n+Ge �õ. d	, Xc¤ã, TaN �
k�ðz Ge �>.¡, &ÿì�V>6ü$
�
��êþ?, Ï
Jp
 Al/TaN PIN 1>&ÿì�
�AÝ.

3.4 ªªªÇÇÇAAA555

·�ÿÁ
 Al/TaN PIN Ú Al PIN 1>&ÿ
ì� 3 dB �°. ã 6 �Ñ�¡�»� 24 µm �
ü�ì�3 1.55 µm Å�e�ªÇA5. �±w
Ñ, ì���AªÇ��� Ø�O\ÑkO\.

3 −1 V  Øe, Al PIN &ÿì� 3 dB �°�
� 1.4 GHz, 
 Al/TaN PIN &ÿì� 3 dB �°�
� 6 GHz. duü�&ÿì�(�Úì�¡È��
�Ó, æ^ Al/TaN >4~�
ì��Gé>{´
JpÙ 3 dB �°�Ì��Ï.

ã 5 1.55 µm Å�\�1e, Al PIN Ú Al/TaN PIN 1>
&ÿì��AÝ� ØCz�'X
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ã 6 3 1.55 µm Å�e, �¡�»� 24 µm � Al PIN (a)
Ú Al/TaN PIN (b) &ÿì3ØÓ Øe�pªA5ÿÁ(J
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�,·�ÐÚ��� Si Ä Ge PIN 1>&ÿì
������Z5U, �´ÏLæ^ØÓ>4�&
ÿì5U�'�, Äg�y
æ^ Al/TaN �>4,

�k�ü$7á� Ge �>.¡��Ý, AO´ü
$7á� n+Ge �>��>>{ (³^pÝ), ~�
&ÿìo�Gé>{, 3��§Ýþü$
&ÿì
�L¡V>6�Ý, Jp
&ÿì�pªA5Ú1
�AÝ.

4 ( Ø

�©ïÄ
 Al/TaN V�7á�� n . Ge �
>>4é SOI Ä Ge PIN 1>&ÿì5U�K�.

uyæ^ Al/TaN V�7á>4�±k�ü$7
á� n-Ge ��>>{, ò�¡�»� 24 µm �&
ÿì3 1.55 µm �Å�Ú −1 V  Øe� 3 dB �
A�°Jp
 4 �, l 1.4 GHz Jp� 6 GHz. Ó
�, ì�V>6~���êþ?, 
�AÝJp
 2

�. (JL²æ^7á5 TaN ���� Ge ��
>, �±k�ðz7á� Ge .¡�, ~�¤�¹S
�A, ü$7á� n-Ge �>�³^pÝ, Ï
~�
�>>{Ú.¡EÜ>6, Jp
 Si Ä Ge &ÿì
�5U.
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photodetector with Al/TaN electrode for n-type Ge

contact∗

Wu Zheng Wang Chen Yan Guang-Ming Liu Guan-Zhou Li Cheng†

Huang Wei Lai Hong-Kai Chen Song-Yan

( Department of Physics, Semiconductor Photonics Research Center, Xiamen University, Xiamen 361005, China )

( Received 2 June 2012; revised manuscript received 19 June 2012 )

Abstract

Large contact resistance due to Fermi level pinning effect at the interface between metal and Ge strongly restricts the 3 dB

bandwidth of Ge photodetectors. In this paper, the Ge PIN photodetectors fabricated on silicon-on-insulator substrates, respectively,

with Al and Al/TaN electrodes are comparatively studied. It is found that 3 dB bandwidth of photodetector with 24 µm mesa diameter

using an Al/TaN stack electrode is improved by four times more than that of the same structure Ge PIN photodetector using an Al

electrode under −1 V bias at 1.55 µm. In addition, the dark current is reduced by one order of magnitude, and optical responsivity is

enhanced by two times. These results suggest that a thin metallic TaN layer as an electrode can effectively passivate the Ge surface and

alleviate the Fermi-level pinning effect, thus reducing the contact resistance and the recombination current at the interface. TaN can be

considered as a promising electrode material for Ge device applications.
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