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Fabrication of Perovskite Nanowire Photodetectors
by Solution Process

LI Hong-ce, Li Wen-fang

(Hunan Mechanical & Electrical Polytechnic, Changsha 410151, China)

Abstract: As an excellent light absorption semiconductor material, organic-inorganic hybrid halide per-

ovskite has been widely used in the field of optoelectronics. To fabricate high performance photoelectric

detection devices, a highly ordered ultra-long CH3NH3PbI3 nanowire is prepared by solution process

and is used to fabricate an Au/CH3NH3PbI3/Au planar photoelectric detector. The device has a wide

operation waveband. It has light response in the spectral range from ultraviolet to near-infrared (365-808

nm). Its maximum light responsibility (R), detectivity (D∗), Ilight-Idark ratio and light response time are

up to 3.81 A·W−1, 3.7× 1011 Jones, 4.9× 103 and 7 ms respectively. Because of excellent light detection

ability, the device has a wide application prospect.
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�-3'04-()/ 15 min Æ*�!
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6�� 72�
	�+��� 40% �,1%

�&Æ����.-�3#")093/"Æ�

2 1 4.=./35�4809/:6;>?79102�(a) @4.=2358<AB9=CD9>4

5?(b) @:@16;76D9>4�8A4.=627?(c) 39:;E<�76489�8A4.=./

3?(d) =FBG<�C<=>5>DE�94.=./36H?(e) 4.=./35�4809?7102
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2 2 (a) ∼ (c) :>?F? 150 mg/ml D100 mg/ml @ 50 mg/ml ;8A9 CH3NH3PbI3 ./39 SEM 2?

(d) GA CH3NH3PbI3 ./39BHI SEM 2?(e) CH3NH3PbI3 ./3J797@ – IJ5AB<?(f)

CH3NH3PbI3 ./3J79 X =38=<

- 1(a)�&	K�$K)3/�L<� 100 µmÆ

)� 9���3/Æ!����:)9C!

D�093/��"Æ�- 1(b) �&	�,1

%�&Æ����:'��#M�Æ�>��L

 #CM	
�� Æ);>��L ��D

�E	�Æ�- 1(c)�&	.-�'��# <

?NM��Æ� E=� 100O�@F"G%#

$ 10 min Æ�>�093/��"�
���

(�-������� Æ�- 1(d) �&	*�

�")F������ �093/E�?1

,#Æ)���@�PAG� 400 nm Au �+�

�B+
N+Æ 'HQ��� 80 µm ÆHQ�

�� 1000 µm Æ�- 1(e) �&�AC�
���

��:��6��"�HIJ'B��
��

��K&ÆO��IPR (CH3NH3I Æ99% Æ*

JÆLK) 
I�C (PbI2 Æ99% ÆDDÆ"L)

SEM� 1 : 1 TF�Æ�� N–N �P3PLR
(DMF Æ�EÆ"L) 'Æ�
UMG�����

�:Æ)� 60 O&Q@RV 12 h �

1.2 MNOP

AC'����+)�1�'N
���H

I��*OS (SEM ÆFEI Helios Nanolab 600i Æ

J�) �X � F�KG (XRD ÆRigaku D ÆMax

2500ÆL,)
+, –�5���KG (UV–VisÆ

MCÆT9 Æ'�) 04*����� !���

����*��.
����'P�H����

���+'Æ�
UM/��WN�����

B�
Æ/O*�BM��Q����P�'

PNTÆ*�� I�������"���J

���#O�����0CR� (4200 SCS ÆU

�0ÆJ�) 'PS��V�

2 xQvyz
2.1 RSTUVWXOP

- 2(a) ∼ - 2(c) �&�
U MG��

CH3NH3PbI3 �:����� ��
WMÆ

CH3NH3PbI3 �� Q2�(Æ)RT>�:G

��&XÆ�� �S�/��X CH3NH3PbI3
�:�G�� 150 mg/ml � 50 mg/ml �Æ�


� CH3NH3PbI3 �� Y�6P0K
	U�

LT��!�M
��#%$Y�N�	��

���� #��#UUÆ%�U0����

�������- 2(d) ��:G�� 100 mg/ml

���� CH3NH3PbI3 �� � SEM -�WQ

CH3NH3PbI3 �� ����RÆ���� #
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2 3 CH3NH3PbI3 ./35�4809VV�(a) 3 532 nm 5O<�ZW5SWÆ>9 I–V X3?(b) 3 532

nm 5O<�5�Z@5XP>QY=5Æ>9TY2?(c) ZW[U95XP>2?(d) ZW[U9[T\

X3

NY�6$%$ [1] �R&ST��Æ�� �

��-�� 1 mm ÆK�\����Æ%���

�
!�����(�-�� CH3NH3PbI3 ��

 �

- 2(e)�&� CH3NH3PbI3 �� !��+

, –�5���K� ]-��Æ!��	���

��� 1.55 eV�U)'Z^Q�NÆ)R���

$[����/, [25] �%+, – �5���K

'�
WMÆCH3 NH3PbI3 �� �%+,��

+,��KV\#)���]������Æ%

�� ��/,������'��
WX�

3.��/��� 520 nm�T�#ÆCH3 NH3PbI3
�� !����P���*��Æ�R �

������V# 780 nm �*�!�U�_Z

CY�*JUB
%$Æ� CH3NH3PbI3 �� 

!�'W��%$^�(Æ�N���K'-

� 780 nm �T�#Y��_^�- 2(f) �&�

CH3NH3PbI3 �� !�� X � F�K� 

'Æ14.08◦ �28.41◦ �43.19◦ 
 58.79◦ ��HF�Y

04`�� CH3NH3PbI3 *�� (110) �(220) �

(330)
 (440)*���� X � F�K'Æ[�

M� 12.78◦ � PbI ��HYÆ�� CH3NH3PbI3
�� !�'UY� PbI ���UT`> MAI


 PbI2 ��� �	��('&��10��
[20] �!�����������
�*��Æ

CH3NH3PbI3 �� !�,�]-����
�

8�

2.2 YZ[\HX]^\M

'�"� CH3NH3PbI3 �� ������

��^���Æ)*%���������'

P�H (5- 3) �����%�&Æ�� ��

�	���������Y���Æ�N_�

��X\'���Æ%��
�	���	��

�Y"���#!�#N�%$���
��

^#ÆR��a��
&�
��1Y*Æ)

E�+ZZ[�
����%- 3(a) '�
W

MÆ)
�%�&��Æ� 532 nm �I&��

�����*[Q�X�I��!�S�! 0.3

mW/cm2 [# 34 mW/cm2 �Æ������!

0.0013 µA �# 7.1 µA �`a�&�+,
�+
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,/,)�,&�
"�&��ÆCH3 NH3PbI3
�� )���+, –�5� – �+,�Æ)*

�����\-������

*������&KÆ���� R ���

�� D∗ 
4�� (I
light

/I
dark

) ��b��\�

�]_]b� 'Æ���� R ��)�

R = (I
light

− I
dark

)/PS (1)

�'ÆI
light
����	I

dark
�c��	P ���

�S�	S ���^��a�

���� D∗ ��)�

D∗ = R/(2qI
dark

/S)1/2 (2)

�'ÆR �����	q ��]��	I
dark
�c

��	S ���^��a�

�4�� (I
light

/I
dark

) 'ÆI
light

����Æ

I
dark
�c���

� 532 nm �I&Æ���
����)�

��S���R�- 3(b)�&�T>���S�

�[QÆCH3NH3PbI3 �� ��������

� �[ �*� RR^T>���S��[

Q�d�M]S&X�_`Æ�� CH3NH3PbI3
�� �����*a�b�ÆM���'�

����� �- 3(c)�&�UM/,����

���
WMÆCH3NH3PbI3 �� �����

*�/�� 365 ∼ 808 nm ^
��^�6-�

���Æ)� 400 ∼ 650 nm/,�� P���

���X����/�� 532 nm �ÆR R� 3.8

A · W−1 �) 365 nm�I&� 0.21 A · W−1 
 808

nm �I&� 0.11 A · W−1 ��Æ%R[Q��

_S�(��&��ÆCH3 NH3PbI3 �� ��

������/,��� Æ)*�5��� 

P���� �� 532 nm����I�&Æ �

��� D∗ � 3.7×1011 Jones Æ�� CH3NH3PbI3
�� �������5�/,������

��� �- 3(d) �&�UM/,�4��c

 �� 532 nm �I&Æ �� I
light

/I
dark
R+�

4.9×103 Æ__ � 365 nm �I&� 1.7×103 


808 nm �I&� 2.1×103 �CH3NH3PbI3 �� 

�������������� �����


	��4��ÆK� ���������

��

*� CH3NH3PbI3 �� �����&KÆ

�������b\����]b�- 4(a) �

���������I� (4^) )
�I� (�

^) &��T�
�
�-��
WMÆ���

��\)P�4����(�Æ���cM��

*Æ/Æ)de� 10 µA`aÆ�� CH3NH3PbI3
�� �������6-�eX��U�Æ

�"��
 τ1 Xb� ����# 90% �  

����f��
Æ�&X�
 τ2 Xb� 90%

�  ���X# ����f��
 [26] �-

4(b) �&�W� 532 nm �I& CH3NH3PbI3 �

� ��������T�
�
�c ��

�I��Æ������"��# 6 µA `aÆ

*�`d"�Æ) <+�eXc^�M

"

�g�d������� ��('ÆU�_

ZCY�%$^	�	���f�.��('

�%$^h1Æ*�e'����
�����

�ÆCH3NH3PbI3 �� ���������Y

M�`d"���(ÆU)����Æ���

'�f�beg�g�N [27] ��- 4(b) �&�

����('Æ"��()&X�(�E -

04�- 4(c) 
- 4(d) �&�CH3NH3PbI3 ��

 �������(�����
Æ "��


� 6.16 ms Æ&X�
� 8.16 ms ��&��Æ

CH3NH3PbI3 �� �%$^S�6�Æ�0�

�	���c�0<Æ)�ff�
&�##

��Æ%�A�c�������

3 x{|
3�
�:�������(�- ��

CH3NH3PbI3 �� *2Æ,'
!���

Au/CH3NH3PbI3/Au ��i��������*

���%'P��Æ�������+� 3.81

A · W−1 Æ����� 3.7×1011 Jones Æ4���

4.9×103 Æ����
�� 7 ms �%�����

���/,Æ�+, – �5� – �+, (365 ∼
808 nm) �KV\#)�����&��Æ�


�:������i CH3NH3PbI3 �� ���

Infrared (monthly)/Vol.38, No.11, Nov 2017 http://journal.sitp.ac.cn/hw



p 38 q�p 11 r � � 25

2 4 CH3NH3PbI3 ./35�4809h[ihTijV8k�(a) 3 532 nm Y=5<�5�4809h[i

hTigaV8k?(b) 5XP;d8k?(c) 5XP5g;d9BH2?(d) 5XP<e;d9BH2
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