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�XU�Å�\ì, ��U>³��muÚ|^��U��«ÊH/ª, FÃÉ�.�I�À. �X��
U>³�Xp�Ç!��z!ÃÓ5Ú�á�´L���uÐ, üX�7X��U>³®²Ã{��ù���¦,

Ïd#�á�Úó²�mu|^½3w%. �©ïÄ
%á�37É�!þ¢y1Ï�A�Uõ9Ù�U3��
U>³þ�A^. æ^óÀ-1�È�{��� Co2-C98/Al2O3/Si É�(�3IOF1ì� (AM1.5, 100 mW/cm2)

^�e, �¼� 0.447 V �m´>ØÚ 18.75 mA/cm2 �>6�Ý, =��Ç�� 3.27%. ÏL>N>ØA5ÚV^
�e�>Ñ$5Uÿþ, y²
�z¾��Ú\Ø�éü¬7�L¡å�
Ônðz�^, ~�
��¦>6, ¦
É�(.¡"�!.¡U?ÚEÜ¥%~�, �å�
|�Aðz�^, O\
É�(.¡�³^pÝ, O\
m
´>Ø, ¦É�(�1Ï�AwÍOr.

'�c: 1Ï�A, �¬%�, É�(, �z¾

PACS: 73.50.Pz, 81.05.U, 88.40.hj, 78.66.Jg

1 Ú ó

�XU�Å��¸À/�FÃî, .�
Ié�2)U�ïÄmu\¯
�Ú, Ù¥É
À§Ý�p�´��U. ��U1Ïu>´��U
|^��«ÊH/ª. 8cû^���U>³Ì
�´7X��U>³!����U>³ÚkÅ�
�U>³. 7X��U>³�)ü¬7Úõ¬7
ü«, Óâ
��U>³½|��Ü©°�. ��
U>³¯ÐÏ, Ï�7á�U�Ð/÷v��U
>³��¦ (Ü·�B�°Ý!�p�1>=��
Ç!ÃÀ/!Buó�z)��5U½), ¤�

��U>³�ÄÀá�. �X��U>³3½|
þ�2�¦^, 7á�p[�d�!�p�)�¤
�9Ù31ìeòz, ��
ÙÆ·9½5�A

5, é7X��U>³��»åu>r�½|Ê9
�¤
æN. 3ü$¤���µe, �)
���
�U>³. ����U>³Ì��)�¬7���
�U>³!Ô�;Ý (CICS) ����U>³ÚÁ
z6 (CdTe) ����U>³. �¬7����U
>³�±k�/ü$>³�þÝ, lü$>³�
¤�, Bu�5�)�, ÊHÉ�<��À¿�
�×�uÐ. �´duÙ 1.7 eV �1Æ�Yé�
�Ë�1Ì��Å«�Ø¯a, l��
Ù1>
=��Ç, Ó�Ù1>=��Ç¬�X1ì�m�
òYP~ (1�Pò S-W �A), ¦�>³5U
C�Ø½. Ïd, Jp½5Ú1>=�Ç¤�
�¬7����U>³�ÐuÐ�Ì�¯K. �'
�e, CICS ����U>³Ú CdTe ����U>
³��¬7����U>³�Çp, ¤��ü¬7
>³$, ¿��´u�5�)�. �du6kìÓ,
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¬é�¸E¤î�À/, Ïd, ¿Ø´¬N7�
�U>³�n��O�Ô. kÅ��U>³duk
Åá�R5Ð!��N´!á�52�!¤�
.�`³, é�5�|^��UJøíd>Uäk
�¿Â. �´kÅá�����U>³ØØ´¦
^Æ·, �´>³�ÇÑØUÚÃÅá�AO´7
>³�'. �X.U�ÑÚÀ/�\ì, �I
éu]�o!�')�!�¸�o��¦�Ø
ä\r. Ïd, ò5���U>³ònÜþã>³
�A�, äkp�Ç!��z!ÃÓ5!$¤�!
$UÑ!�á�´L!�¸lÐÚó²{ü´u
��z�A: [1,2]. nÜù
�¦, �5���U
>³|^Ø
é)�ó²?1U?	, Ï¦#�
á�, é��«#�$¤�!$UÑ��'U½
3w% [3−9].

% á � � � � « ( � õ � [10]! � Y �
N [11]!½5Ð���Ná�¹É'5, AO
´§äk�á�´L!¤�$í!ÃÓ5!�¸
lÐ!$UÑ!� Si �(��q�A:, ¦�%
á�¤��«4äd����U>³á�. CAc
�ïÄuy, õ«/ª�%á�Ñ®²3��U>
³þLyÑ
éÐ�A^d� [4]. %B�+äk�
�U�(�, Äu%B�+�É�(, 1f-u�
gd>f - �Çé�±�	\>|Ú�AÄ³^
«!p-n (³^«½"���Sï>|©m [12−14],

l�)1>6½1>Ø [15]. %B�+����
LyÑ
1Ï�A, äk`É��N5��%B�
+�A^ukÅ��U>³�E [16,17]. Ó�äk
��U�(��%á��kLVL (C60), AO´
3 C60 ¥uyÙ1)>f�±¢ylkÅÔ� C60

�¯�DÑ, C60 Ò¤�
kÅ��U>³�>f
�ÂÚÑ$��ZÀJá� [18]. nØO�Ú¢�
y²LVL´äk��U�(�� n .��N, Ù
�ü¡%á�(�¦Ùäkép�>f[£Ç. �
���´, �¦^ü¬LVL��¹5��, Ù
þÝ�±ü$, ¿�¦�kÅ��U>³�ÇJ
p [19,20]. ��ü��$(���$L (graphene)

é1äkpÝßL5, =áÂ 2.3%�x1. Ú%B
�+�q, �$L�äkér��>5, 10 nm þ
��$L��, äkp� 550 S/cm �>�Ç, ±9
é 1000—3000 nm Å����1�L 70%�ßL
Ç [21]. Zigzag ½ armchair (���$LB��Q
LyÑ7á5qLyÑ��N5, Ù�Y�±ÏL

N�Ù°Ý5N�. ù
`É�>5�¦�$L3
�5�1>fì��A^þ4ädå [22].

3õ«/ª�%á�¥, �¬%�´��7�
���U>³á�äA^d��%Ä��Ná�.

§��YÏL�,½�(����¢y 0.2—3 eV

��é�°��S�N�, l¢yé1Ï�A�
N�. Nõ�ï�|®²ÏLzÆí��È!lf
5\!óÀ-1�ÈÚ^�í��ó² [23−27] ¤
õ/��
�¬%�/7 (a-C/Si) É�(��U>
³. Yu � [23] ��
Äu p .�¬%/n .7�É
�(.��U>³, 3 400—800 nm �Å���S
Ú 15 mW/cm2 ���1ì�e, ÙW¿Ïf (FF )

�±�� 65%, =��Ç (η) Kp� 6.45%. ÏL
zÆí��È��� p .%/n .7É�(��U
>³3IO1ì^�eÙ=��Ç�±�� 7.9%,

m´>Ø (VOC) �� 0.58 V, á´>6�Ý (JSC)

� 32.5 mA/cm2. ù
(JL², a-C/Si ÄÉ�(´
�«�~kdå���U>³á�, äk�)��
=��Ç~�½�ª��£Ø Si ���U5, k
F"¢y¦^´L$í��á�!{ü¯�¿�
$ÑU���ó²)�Ñ�±��z¿�ÃÓ5
���U>³, é<a�¬ÚèxÑò´���
z. Ïd, %Äá���U>³3�ÆïÄÚ¢^
A^þÑ´��&¢��K.

3 a-C/Si ÄÉ�(¥, �¬%�3�ü¬7/
¤É�(�, .¡¬k�þ�.¡U?Ú"��3,

��K�
Ù5U�u�. Ïd, é a-C/Si ÄÉ�
(��U>³�.¡?1U?¤�UõÙ5U�
���ïÄ��. éü¬7.¡�UõØ
ÏL
ó²�� [28] 	, æ^.¡�Uõ.¡(�Ú�þ
�±���Ð��J. 8c, éü¬7?1.¡U
õ'�¤Ù�´��z7, ��z7�±k�/ð
zü¬7�.¡, ~�.¡U? [29]. Ød�	, 3
8c�NõïÄ¥uy, �z¾éü¬7Ú0 —

2xzÜÔ��N�L¡�±¢y²w�ðz�
J [30,31], ÏL�z¾ðz��±k�/Or1l
ü¬7¥�u�. �z¾�ðz�^$��L
8
c'�¤Ù���z7��J, ¿��z¾éu p

.Ú n .ü¬7�.¡Ñäk�~Ð�ðz�J.

Ïd, �©ÏL3 Co2-C98/Si É�(�.¡?Ú\
�z¾¢yL¡ðz, ��
UõÉ�(1ÏA5
��J, ÐÚïÄ
 Co2-C98/Al2O3/Si É�(3�
�U>³þ�A^, ¿XÚ/ïÄ
�z¾��^.
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2 Á��{

æ^óÀ-1�ÈEâ (pulsed laser deposi-

tion, PLD) 3>{Ç� 0.55—0.8 Ω·cm−1 � n-Si

(100) þ�g�È
�z¾�Ú�%�â�. ü¬
�z¾q´XÝ�u 99.99%�û^qá; pX�
%EÜq´^XÝ�u 99.9% �X�®Ú�$®
Uì 2 : 98 ��f'·Üþ!9Ø�(���. Û
�c, kòÄ¡�g�\ZÑ!Ë°Ú�lfY¥
�(�W 20 min; ,�, ^ 10%��Í�@¡ Si Ä
¡ 10 min, 2^�lfYÀW�á=�\�È¿,

×�Äý�� 4×10−4 Pa �, m©�Ä¡\9,§
� 573 K. �Ä¡§Ý½�, ÏL 248 nm � UV

-1ì (Lambda Physik LPX 205) m©�ÈÛ�.

|^{I Newport/Oriel úi)����1
�[ì (.Ò: 91192) ��\�1, IOF1ì
� AM1.5, õÇ� 100 mW/cm2. >4æ^�´ÎG
>4±O�1ì��Â¡È. %Ä����þL¡,

Si �eL¡, 3��>4c, Si �.^�Í�@¡
�½�m�Ø Si L¡�g,�z�, ��á=^
#m�� (In) ©O3þeL¡Ø�¤ÎG>4?
1ÿþ. >Ñ$A5æ^ Keithley 2400 >L?1
ÿÁ. >NÿÁæ^ Hewlett Packard (HP, ¨Ê) ú
i)�� LCR (precision LCR meter) ÿÁÅ (.Ò
� 4284A, ªÇ�� 20 Hz � 1 MHz) 3¿§Ã1
ì^�e?1.

3 (J�?Ø

3.1 www���(((���

ã 1 �Ñ
 Co2-C98/Al2O3/Si É�(�/m.

Co2-C98 ���þÝ�� 80 nm, Al2O3 ��þÝ�
� 4 nm, þÝÑ'�þ!. É�(�.¡p©E�
w«, �z¾Ú Si �.�m/¤�.¡�~²�,

Al2O3 �¥�¬�, Co2-C98 ���À«¯�Fp
�C� (fast Fourier transform, FFT) ���¬û�
'�, y¢·����%���¬�(� (ã 1 ¥
�ã). X ��F1Ì¤ (XRF-1800) ÿþ(@É�
(�¬¥¹k Al Ú Co ùü«��.

3.2 111ÏÏÏAAA555

Äk, ÏL¢��y·�¤k�>Æÿþ¥

>4��¬��>Ñ´ûÐ�î0�>. 3^
�Í�@¡L�X Si ¡ (n ., >{Ç� 0.55—

0.8 Ω·cm−1) þ^ In ��¤ÎG>4, ÿþX Si ¡
�>6 - >Ø (I-V ) A5. (Jw«Ñ�~Ð��
5 I-V A5, `² In >4���ÎG>4�X Si

�m/¤
éÐ�î0�>. ·��ÿþ
3k
1ìÚÃ1ì^�e� I-V �, ü^���
Ü, `² In >4� Si �>Ø�)1Ï�A. Ón,

æ^ In >4ÿþ
�È3ý���=Àæ� Co2-

C98 �â��¿§ I-V A5, (Jw« Co2-C98 �
â�� In >4�m�/¤
ûÐ�î0�>, �Ã
1Ï�A. 38c�1Ï>³©a¥k�a´�A
Ä(1Ï>³, =|^7áÚ��N�>|¤��
AÄ³^5�)1Ï�A [32]. ·��¢�(J
w« In >4� Si �m/¤
ûÐ�î0�>, v
k/¤�AÄ�>, Ïd Co2-C98/Si ÄÉ�(��
1Ï�Aÿþ¥Ø¬Ï In >4�)�AÄ(1
Ï�A. � � � � � � �� � � 	 � 
 ��  � �

ã 1 Co2-C98/Al2O3/Si É�(.¡(�©Û (�ã´ Co2-

C98 ��À« FFT)

Ùg, ·�ÿþ
 Co2-C98 ��ó²��þ�
Ó� Co2-C98/Si Ú Co2-C98/Al2O3/Si É�(�1
Ï�A. é'Ã�z¾�Úk�z¾��üaÉ
�(�1ÏA5 (ã 2), ·�uy3 Co2-C98/Si

. ¡ \ \ � z ¾ � � Co2-C98/Al2O3/Si É � (
� I-V ���/��Cn�1Ïá�� I-V

�, �6A5²w��Uõ, Ù1ÏA5��
�
²wJp. m´>Øl 0.066 V Jp
Ô�
� � 0.447 V; á ´ > 6 � Ý J p 
 n �, l
6.8 mA/cm2 J p � 18.75 mA/cm2. · � æ ^
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�\�1�IOF1ì� AM1.5, õÇ PI =

100 mW/cm2. O � � Ñ Co2-C98/Si Ú Co2-C98/

Al2O3/Si É�(�W¿Ïf©O� 32%Ú 39%,

1>=��Ç©O� 0.144%Ú 3.27%. �z¾�
�\\¦É�(�W¿ÏfÚ=��ÇÑ²w
Jp, AO´=��ÇJp� 23 ��õ. dd

� �, � z ¾ � \ \ ¦ � Co2-C98/Si É � ( �
��1Ï5UÑ��
²wUõ. ù��1Ï5U
�,vk��8c p . a-C/n . Si É�(1Ï
�AïÄ��Z�, �duæ^���ó²ØÓ,

3 ® k � ï Ä Ú O ( J ¥ � á u ' � Ø � �
(J [4].��� � � � � � � � � � �� �� � � � � � � � � � � ��� 	
 � � 

� � � � � � � � � � � � �� � � � � � � � � � � � � � � �  ! " # ��� � � � � � � � � � �� � � � � � � � � � � � � ��� 	
 � � 
� $ � � � � � � � � � # % � & ' � � �� � � � � � � �  � � � � � � � �  " #

ã 2 ¿§ 300 K e Co2-C98/Si Ú Co2-C98/Al2O3/Si É�(�1ÏA5 (a) vk�z¾���¬ (Co2-C98/Si); (b) k�z¾
���¬ (Co2-C98/Al2O3/Si)

Ï��z¾��ÈL§´3pý�í¨¥?
1�, �ª)¤��z¾�¥�U¬�3�� 
�"��¦�z¾�Lk��NA�, l�U
� Si �./¤��NÉ�(�)é1Ï�A��
z. Ïd, �
(@�z¾éu Co2-C98/Al2O3/Si

É�(1ÏA5�´Or�^�´1ÏA5�5
, ·�3�Ó� Si �.þ�È
�� Al2O3,

ÿ þ 
 Al2O3/Si É � ( � � 1 Ï A 5, ( J X
ã 3(a) ¤«. Al2O3/Si É�(��,�äk�½
�1ÏA5, �´Ùm´>ØÚá´>6�ÝÑ�
' Co2-C98/Al2O3/Si É�(����êþ?, m´
> Ø � 0.062 V, á ´ > 6 � 0.447 mA, á ´ >
6�Ý� 5.26 mA/cm2, O��� Al2O3/Si É�
(��W¿Ïf� 35%, =��Ç=� 0.114%.

�,·�Ã{(½ Al2O3/Si É�(��1Ï�
A´É�(��^�´�z¾�\\/¤
7
á - �zÔ - ��N (MOS) (��)��AÄ
1Ï�A, �´�±�½�´==� Al2O3/Si É
�(��)�1Ï�A��Ø� Co2-C98/Al2O3/

Si É � ( � 1 Ï 5 U. ù � ( J ` ² Co2-C98/

Al2O3/Si É�(wÍ�1Ï�A5u Co2-C98/

Si É�(.

3 Co2-C98/Al2O3/Si É�(���L§¥, ·
��,®²^�Í�@¡�Ø Si �.�g,�
z��, 23$u 4×10−4 Pa �pý�^�e�
È�z¾�, �´Ï�·�¦^ü¬�z¾qá
3 573 K p§e�È, �3�z¾�ÈL§¥, Si

�.�3����z��U5, ØüØ3�ª)
¤� Co2-C98/Al2O3/Si É�(�.¡¬)¤��
�z7. ®k�ïÄL², �z7�±Uõü
¬7�.¡�þ. �
(@ Co2-C98/Al2O3/Si É
�(wÍOr�1ÏA5´Ä´�z¾��^,

·�q?�Ú?1
(@¢�. ·�ò�^�
Í�@¡L� Si ¡ (�k 2—4 nm þ�g,�
z�) ���., 3Ùþ�È Co2-C98 �â�, ��

 Co2-C98/SiO2/Si É�(, ÿþ
 Co2-C98/SiO2/Si

É � ( � 1 Ï A 5, ( J X ã 3(b) ¤ «. é
' Co2-C98/SiO2/Si É � ( � 1 Ï A 5 (ã 3(b))

� Co2-C98/Al2O3/Si Ú Co2-C98/Si É�(�1Ï
A5 (ã 2(b)), �±wÑ, Co2-C98/SiO2/Si É�(
.¡��z7���±OrÉ�(�1ÏA5,

¦ Co2-C98/SiO2/Si É�(�á´>6�ÝJp
� 10.07 mA/cm2, m´>Ø�� 0.188 V, W¿Ïf
�� 37.87%, =��Ç� 0.71%. �´�'u Co2-
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C98/Al2O3/Si É�(�1ÏA5, Co2-C98/SiO2/Si

É�(���1Ï5U (VOC = 0.447 V, JOC =

18.75 mA/cm2, FF = 39%, η = 3.27%) Ñ��éõ,

AO´ 0.71%�=��Ç, =� Co2-C98/Al2O3/Si

É�(=��Ç�Ê©��. ù
(J¿©`²,

=¦3 Co2-C98/Al2O3/Si É�(¥ Al2O3/Si .¡
k�z7)¤, =��z7��^¿ØU¦ Co2-

C98/Al2O3/Si É�(�1ÏA5��y3�ÿþ(
J, ?�Úy²�z¾�´ Co2-C98/Al2O3/Si É�
(�1Ï�A��Uõ��.

nÜ©Ûþã�X�é'Á�, ·��±�Ñ
Xe(Ø: 1) æ^ PLD �{3 Co2-C98/Si É�(�
.¡�È����z¾�±k�/Uõ Co2-C98/Si

É�(�1ÏA5; 2) üX� Al2O3/Si É�(�
�,�äk�½�1ÏA5, �´Ù1ÏA5�~
f, `² Co2-C98/Al2O3/Si É�(�Ð�1ÏA5
�,´Äu Co2-C98/Si É�(; 3)Co2-C98/Al2O3/Si

É�(�1ÏA5�²wÐu Co2-C98/SiO2/Si É

�(�1ÏA5, `².¡��z¾�éu Co2-

C98/Si .¡�Uõ´ Co2-C98/Al2O3/Si É�(1
ÏA5��Uõ��; 4) é' Co2-C98/Al2O3/Si,

Al2O3/Si Ú Co2-C98/Si �1Ï5U, �±wÑüX
� Al2O3/Si É�(¿ØU�)�Ð�1Ï5U, 
\\�z¾� Co2-C98/Al2O3/Si É�(�±²w
/JpÉ�!�1Ï5U. é' Co2-C98/Si Ú Co2-

C98/Al2O3/Si ùü«(�, üöÑ´± p . Co2-C98

Ú n . Si �Ä:���, ØÓ�?3u�ö3.¡
Ú\
é�� Al2O3,  Co2-C98/Si .¡� Al2O3

þÝé�, é16fó, �±@�´ß²�, 1
6f�±gd/�B. Ïd, Al2O3 �Ú\vkU
C(���, Co2-C98/Al2O3/Si �±w�´�� p-n

É�(. �z¾Or Co2-C98/Al2O3/Si 1Ï�A�
�^ØUl{ü�õ�É�(GéOr��Ý5
�Ä, AT&¢�����Ï. Al2O3 �Ú\Ì
�ÏLðz�Ü©.¡�, ü$.¡EÜ, lU
õ Co2-C98/Si É�(�5U.��� �� ��� � � � � � � �	 � 	 � � � 	 � � �
� � � � �

� � � � � � � � � � � � �� � � � � � � � � � � � � � � � � �	 � � � 	 � � �
� � � � �
� � � � � �  � ! " � # $ % � � # $� � � � � � � & & �� � � � � � � � � �� ' � % ( � # $ ��� �� ���	 �

ã 3 ¿§ 300 K eÉ�(�1ÏA5 (a) Al2O3/Si; (b) Co2-C98/SiO2/Si

3.3 ���zzz¾¾¾������^̂̂

�
�\ïÄ�z¾é Co2-C98/Al2O3/Si É
�(1Ï�A�Or�^, ·���
Nõ©z,

NõïÄL²�z¾éü¬7Ú0—2xzÜÔ
��N�L¡k²w�ðz�J [30,31]. ðzÅn
kü«: �«´Ônðz, @��z¾éuü¬7
�ðz�^´ÏL~�.¡U?, ü$L¡EÜ
�Ç5¢y�; ,�«´|�Aðz, @��z¾
��^´ÏLO\�½>Ö��ª, JpSï>³
l¢y
éü¬7L¡�ðz. âd, ·�ÿþ


 Co2-C98/Al2O3/Si É�(Ú Co2-C98/Si É�(
�³^pÝÚV^�e I-V A55y²�z¾�
ðz�^, ¿é�z¾31Ï�AOr¥��^?
1
)º.

3.3.1 >N>ØA5
p-n (Ø�äk�6�A, Ó�Ù¥q�¹k

»��6A5�Ï�, ù�Ï�Ò´ p-n (�>N.

ã 4 Úã 5 �Ñ
 Co2-C98/Si Ú Co2-C98/Al2O3/Si

É�(3�� Øe�>N�²��	\ Ø
�'X (1/C2-V �). éun��âCÉ�(,
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1/C2-V �3� Ø«�´�^��, ¿�T��
��ÇÒ´16f�ßÝ, T��3>Ø¶��å
Ò´Sï³^pÝ. Ïd, ·��±ÏL[Ü 1/C2-

V �3� Ø«��5ã��É�(�Sï³
^pÝ. lã 4(a) Úã 5(a) ¥�±wÑ, Co2-C98/Si

É�(Ú Co2-C98/Al2O3/Si É�(� 1/C2-V 
�3K� ØeäkéÐ��5A�, ·��±
r Co2-C98/Si É�(Ú Co2-C98/Al2O3/Si É�(
��âCÉ�(?n; ÏL[Ü 1/C2-V ���
5Ü©, �±��ü^[Ü����å, =ü�É
�(�Sï³^pÝ Φ. ·��� Co2-C98/Si É�
(�Sï³^pÝ� 0.39 eV, Co2-C98/Al2O3/Si É

�(�Sï³^pÝ� 0.79 eV. �±wÑ�z¾
��\\¦ Co2-C98/Al2O3/Si É�(�³^pÝ
O\
��. d	, 3É�(�>N - >Ø (C-V )

ÿþ¥, �	\��>Ø�u.¡³^pÝ�, p-n

(�>N�����, Ïd��±ÏLÿþ��
 Øe�>N5(½ p-n (�.¡³^pÝ [33].

ã 4(b) Úã 5(b) w« Co2-C98/Si É�(Ú Co2-

C98/Al2O3/Si É�(� C-V �3� ØeÑy

¸�, ùü�¸�éA��� Ø���Ù�A
� 1/C2-V � (ã 4(a) Úã 5(a)) �>Ø¶��:
éA�>Ø�Ä��Ó, �l,��Ý�N
·�
æ^�©Û�{´�&�.������ � � � � � � �� � � � � ���� � ��	
�� 
 ���� � ��� 
���

� � �
� � �� � � � �  ! � � � �

� " �# $ % & # ' ( � ) *# $ % & # ' ( � ) * ������ � � +� � � , - . �
 �� /0 � � � � +� � � , - .
ã 4 Co2-C98/Si É�(�>NA5 (a) � Øe� 1/C2-V � (����5[Ü�, �%Ñ:�¢�êâ); (b) � Øe
� C-V ������ � � � � � � �� � � � � ���� ��	
� 	 ���� � ��� 	���

� � �
� � �� � � � �  ! � � � �

� " �# $ % & ' ( ) � * + % ' , � - . # $ % & ' ( ) � * + % ' , � - .����� � � /� � � 0 1 2 
	 �� 34 � � � � /� � � 0 1 2
ã 5 Co2-C98/Al2O3/Si É�(�>NA5 (a) � Øe� 1/C2-V � (����5[Ü�, �%Ñ:�¢�êâ); (b) �
 Øe� C-V �

C-V ÿþ�(Jw«�z¾�\\²wO\

É�(�³^pÝ, ly¢
�z¾éÉ�
(�|�Aðz�^´ÏLJpSï>³5¢y
�. äN/ù, �z¾éuÉ�(1Ï�A�Or

�±ÏL1Ï�A��)Ån5?1)º: �É
�(É�1ì�, \�1f�Uþ�uá��B�
°Ý�, 1f¬-ud�¥�>f�[����
)>f - �Çé, =1)16f; 1)16f��
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U*Ñ�³^«�>., Ù¥�ê16fÒÉ³^
«r>|�áÚ�.�é¡«�, õê16f
KÉ³^«>|�ü½33³^«�>�; 3³
^«S�)�1)>fÚ1)�Ç, K©O�>|
×� n «Ú p «; � p-n (m´½�kK1�, ³
^«>|Â8�1)16fÒ¬3³^«ü>È
\, l¦ p «> ,p, n «> ü$, �)��
1)>Ä³, ¦� p-n (�³^pÝeü, §��
u3 p-n (þ\
���� Ø, nØþù���
 ØAT�uÉ�(�m´>Ø; Ïd, (�³^
pÝ�O\�±k�/Or(�m´>Ø; ·��
� Co2-C98/Al2O3/Si É�(�³^pÝ (0.79 eV)

�u Co2-C98/Si É�(�³^pÝ (0.39 eV), Ïd,

�z¾���\O\
É�(�³^pÝlO
\
m´>Ø, Or
 Co2-C98/Al2O3/Si É�(�
1ÏA5.

3.3.2 V^�e� J-V A5
É�(3vk1ì^�e����Ú>6�

Ý����±�N�z¾�L¡ðz�^. ã 6 �
Ñ
 Co2-C98/Si Ú Co2-C98/Al2O3/Si É�(3v
k1ì^�e� J-V �, lãþ�±�ß/w
� Co2-C98/Al2O3/Si É�(����Ú>6�Ý
' Co2-C98/Si É�(����Ú>6�Ý��é
õ. 3 –0.4 V �, Co2-C98/Al2O3/Si É�(����
Ú>6�Ý� –0.501 mA/cm2, Co2-C98 /Si É�(
����Ú>6�Ý� –0.076 mA/cm2, Co2-C98/Si

É�(����Ú>6�Ý�� Co2-C98/Al2O3/Si

É�(����Ú>6�Ý� 6.6 �. ���Ú
>6�Ý�~��±�NÑÉ�(.¡"�!.
¡U?ÚEÜ¥%�~�, ?�Úy²
�z¾
�\\(¢å�
Ônðz��^ [7]. Ïd, �
z¾�éü¬7L¡�Ônðz�^¦É�(.
¡"�!.¡U?ÚEÜ¥%~�, lå�

é Co2-C98/Al2O3/Si É�(�1ÏA5�Or�
^.

n Ü þ ã ¢ �, Ï L é Co2-C98/Si Ú Co2-

C98/Al2O3/Si É�(3V^�e� C-V Ú J-V A

5�ÿþ©Û, uy�z¾�\\��¡å�
|
�Aðz�^, O\
É�(.¡�³^pÝ, O
\
m´>Ø; ,��¡éü¬7�L¡å�
Ô
nðz�^, ~�
��¦>6, ¦É�(�.¡
"�!.¡U?ÚEÜ¥%~�, �ª¦É�(�
1Ï�AwÍOr.

2

3

4

5

1

0

-1
0.40.20-0.4 -0.2

J
/
m
A
Sc
m
-
2

V/V

Co2-C98/Al2O3/Si

Co2-C98/Si

ã 6 Co2-C98/Si Ú Co2-C98/Al2O3/Si É�(3vk1ì^�
e� J-V �

4 ( Ø

· � 3 Co2-C98/Si É � ( . ¡ Ú \ � z ¾
� � � 
 Co2-C98/Al2O3/Si É � (, ï Ä 
 §
�1Ï�A9Ù3��U>³þ�A^. Co2-

C98/Al2O3/Si É�(��U>³3IOF1ì�
e, �¼� 0.447 V �m´>ØÚ 18.75 mA/cm2 �
á´>6�Ý, 1>=��Ç�� 3.27%. ?�Ú
ïÄL² Co2-C98/Al2O3/Si É�(��U>³1
ÏA5�Uõ´.¡�z¾�^�(J, �z¾
�\\Ø�O\
É�(�³^pÝlO\

m´>Ø, �¦É�(�.¡"�!.¡U?Ú
EÜ¥%~�, ��~�
É�(���¦>6,

å�
é Co2-C98/Al2O3/Si É�(�1ÏA5O
r�^.

d�ïÄ¦^
�®>fw�º¥%���Ú].
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Enhancing photovoltaic effect of Co2-C98/Al2O3/Si
heterostructures by Al2O3
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Abstract

As energy crisis is aggravated, solar cell, as a common form of the development and utilization of solar energy, has attracted more

and more attention all over the world. With solar cells developing towards the direction of high efficiency, thin film, non-toxic and rich

raw materials, the pure silicon solar cell could not meet these requirements, so the new material and process are imminently required.

This paper deals with the photovoltaic effect of the carbon material based on the silicon heterostructure, and its possible application

to solar cells. Co2-C98/Al2O3/Si heterostructure with a 4 nm-thick Al2O3 layer shows the best photovoltaic effect performance with

a short-current density of 18.75 mA/cm2, an open-circuit voltage of 0.447 V and a power conversion efficiency of 3.27% with AM1.5

illumination, which is much better than Co2-C98/Si heterostructure without the Al2O3 layer. The effect of Al2O3 layer is attributed

to the reduction of the interface defects, the suppression of the surface recombination and the enhancement of barrier height, which

are proved by the capacitance-voltage and current-voltage measurements under dark condition. This work may shed light on the

carbon/silicon based solar cells.

Keywords: photovoltaic effect, amorphous carbon, heterostructures, alumina

PACS: 73.50.Pz, 81.05.U, 88.40.hj, 78.66.Jg

* Project supported by the Key Program of Jointed Funds of National Natural Science Foundation of China-Guangdong Province, China (Grant

No. U0734001), the National Natural Science Foundation of China (Grant No. 50772054), and the National Basic Research Program of China

(Grant No. 2009CB929202).

† E-mail: xzzhang@tsinghua.edu.cn

147303-9


