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Research and Design of Laser Energy Converter for
Laser Power Transmission System

ZHUANG Yong-feng, HUA Lei, GUO Bao

(The 27th Institute of China Electronics Technology Group Corporation, Zhengzhou 450047, China)

Abstract: To achieve long distance fiber energy transmission and laser conversion, various factors which

have influence on the transmission efficiency of a system in the process of energy transmission, such as fiber

loss, wavelength selection, matching of photoelectric materials, are analyzed. A photovoltaic conversion

chip is designed by growing a InGaAs PIN structure on a semi-insulating InP substrate epitaxially.

The structure and interconnect technology of the chip are optimized. Finally, a highly efficient laser

energy converter is developed successfully. The test result shows that the laser energy converter has its

photoelectric energy conversion efficiency of 28% under the laser illumination at 1550 nm wavelength.

Key words: laser energy transmission; fiber transmission; laser to electric conversion
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0$." GaSb� InGaAs0$
�7���

�	 GaSb 075.28��38�
��9#

/�*$1� InGaAs 0$�('1�0912

 InP5.28��
�4/�
�	�5.2

8�����59/�
�32�����

0
���1.:1�23 ������ 1550

nm"�����)/64���1. 1550 nm

������0.
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7 1�7 2)5�����41'���
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�*��667����41���;

8��<32����
�����0	�5

41��
 �768"�#� 50 ∼ 100 W/cm2

=7( :�
66���41��;88�

��)8�8"� �%,����0	>��

541��
 ��2��41-)����

:�99�Æ


9 1 :;?@9:<:;<�;<A<

9 2 :;?@9=B:<::C=9<A<

� 1 ������� !"#$%&'()

=> Eg (eV) ?;>? (nm) @@:C=9=> η <A=??�<>D A ??B@A> 10%

GaAs 1.42 873 @ 60% 2.5 dB/km @ 4 km

In0.35Ga0.65As 0.95 1310 @ 45% 0.5 dB/km @ 20 km

In0.47Ga0.53As 0.74 1550 @ 35% 0.2 dB/km @ 50 km

In0.7Ga0.3As 0.55 2200 @ 22% 2.2 dB/km @ 5 km
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�%	 830 nm GaAs 0$���
��

�B��(���41'�C1E" 4

2 

�*���B?�
 ��7���41

�2���1E�,�*���)8��6

1E8"!88�+���#$�8A@


*$�,1E��"�2��41����

�
���41� 30 ∼ 50 W/cm2 ��F�

����A�1E� 1 ∼ 2 mm2 �B


� 2 *+,-./01 (830 nm) �GaAs ,

23456'789:

@9=B (W/cm2) 0.1 1 10 100

DG (mm2) @ 100 @ 15 @ 2 @ 0.2
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E =
Pout

Pin

=
Im ∗ Vm

Pin

=
Isc ∗ Voc ∗ F
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λ

= R
λ
VocF (1)
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1.4.1 AB,-./0
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�51E
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)��/��541� 30 A/cm2 ��'�GaAs

�� �O	:� [5] ��( :���41
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7 3 )5�� 820 nm ������GaAs
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9 3 GaAs ?�J<?Q�O=B::C=9<A<
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1.4.2 ,C9DE�2FGHIJ

InGaAsP0Q�"���0P� 0.5 VK
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��0",
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�1E��32:�����41


SM�T�9/:��,���5V� 8∼16

I��G1NUN� 2.3 mm �V&�� 50

µm
SM�T�9/:������'Q� 2.5

mm 
���5�G11E� 0.4×0.4 mm2 �


9/ 15∼20 I�5�V&�� 50 µm 
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1.4.3 KLMNHO",PQRIJ
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1.5 ASTUVZ@H

1.5.1 WXYZ'[\]^J_
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Infrared (monthly)/Vol.35, No.12, Dec 2014 http://journal.sitp.ac.cn/hw



� 35 ��� 12 � � � 39

`U NA=0.27
/�XN�����L�N

U� 1 mm M��L
US NA=0.27 �U�X

N�LNU� 1 mm �,
UHXNQZY

�� 1.78 mm �� ��`U%�"	 1 mm 


�	XNQZY�-,�23+���0

 �[^1QZ�[^1QZ�V(�W

X�ÆV(
�( Y�0-
S�23V]
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1.5.2 `aYZbcIJ

7 7)5�]����\^E]
��

�5��K LZO�����	[^1�

ZXN��������
7 8�XN���

R.�(7


9 7 _^?[<\<@_`U9

9 8 `bD_^]b<<\_c9 (de^ 20 mm)

1.5.3 `a,P)de�9'f,-./0gh

+� Lightoolsc�\^]�������

UXN�T41���41
E]4L��

����XN�Zf��"IU�Æ��4

1���,


US\^E]�`� 1 W ������

��XNQZ41�"���41( 0.9636

W/mm2 �RQ���41( 0.4420 W/mm2 


�	�7
�*��XN�L���Z��

��41�a7�QQ���	����dR

��
���
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2 {||'
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+�

KEITHLEY 2635AV``4� 8163B��a�4

�.��
RY
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�	RY
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 �� 28.5%��C#��0� 4.25 V �gb

��b%�


9 10 ?�:a<<be9

� 3 *+,-./01 (1550 nm) InGaAs f

,ij34K'78kl2mB34n.

:;@9 ccfd chbd ;<�; :C=9

(mW) @9 (mW) �; (V) (V) (%)

10 2.725 3.93 4.99 27.25

20 5.66 4.18 5.2 28.3

30 8.55 4.2 5.29 28.5

40 11.4 4.25 5.34 28.5

50 14.15 4.25 5.37 28.3

60 16.92 4.18 5.38 28.2

70 19.46 4.15 5.38 27.8

80 22.0 4.15 5.39 27.5

90 24.3 4.13 5.38 27

100 26.7 4.01 5.38 26.7
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