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Study on diffraction losses of laser simulators�

Rao Jionghui , Fang Qiw an, Jiang Chuanf u, Zhang X iaohui

( Naval Academyof Eng ineering, Wuhan, 430033)

Abstract: The divergence provided by the semiconductor laser are all defined at the po int of half

power. In pract ical calculation, it must be transformed to another define level and t he measurement d-i

vergence of LOC laser is rather gr eat. So the transformation formulas of diverg ence for a Gaussian beam

are modified in this paper. According to the modification, the formulas of diffract ion losses of the laser

simulators ar e der ived. As the examples, the diffraction losses of thr ee types of laser simulators are calcu-

lated.
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激光模拟器衍射损耗的研究

饶炯辉 � 方启万 � 江传富 � 张晓晖

(海军工程学院, 武汉, 430033)

摘要: 半导体激光器给出的是半功率点处的发散角 ,在计算时必须进行变换, 因实测 LOC 激

光器发散角较大,本文对高斯光束发散角变换公式进行了少许修正, 导出了模拟器衍射损耗公式,

并计算了三种模拟器的衍射损耗。
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1. Introduction

T he GaAs- (AlGa) As big photocavity( LOC) laser is a new type appliance w hich develops on

the basis of tw o kinds of lasers w hich are sing le-dif ference-material junct ion and two-difference-

material junct ion. It has both the advantage of tw o-dif ference-material junct ion lasers w hose

threshold elect ric current is very low and the advantage of single-dif ference-material junct ion lasers

w hose output pow er is great. So w e select this kind of LOC laser as light sources of several kinds

of laser simulators. As the output laser beam divergence w hich is prov ided by the direct ion to LOC

laser is not very g reat , the diff ract ion losses are usually neg lected in designing calculat ions for laser

simulators. But in fact the output beam divergence of the LOC laser is rather great and the laser

transmission and transformation formulas w hich are provided by general references can not be used

indiscrim inately. Thus the diffract ion losses of laser simulators are usually quite g reat and can not

be neg lected.

2. The divergences of LOC lasers

T he divergence curves of the LOC laser which is selected are show n in Fig. 1. In Fig . 1 the
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divergence parallel to p-n junct ion is 14�, and that normal to p-n junct ion is 20�. But measured in

pract ice the diverg ences are much bigger. The typical diverg ence curves LOC laser w hich are mea-

sured in pract ice are shown in Fig. 2 and Fig . 3 in w hich the divergence parallel to p-n junct ion is

20� and that normal to p-n junct ion is 66�. But it must be noticed that the above divergences can
not be direct ly used in the laser transmission formulas for the divergences provided by semiconduc-

tor lasers are all far- f ield divergences �1/ 2 which are defined at the point of half pow er. That is

2��, 1/ 2= 20�, 2�� , 1/ 2= 66�. But the divergences provided by general references are far- f ield diver-

gences �which are def ined at the point of 1/ e
2
of the laser intensity. Thus in order to apply laser

transmission formulas �1/ 2 must firstly be transformed into �.

� Fig. 1 � The divergence angle of

light beam

Fig. 2 � The typical far- field pat tern of

LOC laser

Fig. 3 � The typical far-f ield pat tern of

LOC laser

3 . Transformation of divergences

According to reference [ 1] the formula by which the divergence defined at the point of 1/ e
2

of laser intensity is t ransformed into the divergence defined at the point of half pow er is

�1/ 2 = ln2/ 2�= 0. 5887� (1)

But the author thinks it can not be directly applied here. Because it is only applicable for Gaussian

beam which is near t ransmit ting ax is. But the divergence of the LOC laser can reach tens degrees.

T hus it can not be considered that tg�= � and eq. ( 1) must be modif ied as

tg�1/ 2 = ln2/ 2tg�= 0. 5887tg� (2)

� � Substituting 2��, 1/ 2= 20�, 2�� , 1/ 2= 66� into above equat ion, w e can solve for 2��= 33. 3�,

2��= 95. 6�. The divergences are so big, if the t ransmitt ing antenna is not used to compress the

divergences, the maximum range only reaches m orders of magnitudes. According to reference [ 2]

the max imum range is Zm = ( L / �) exp(- �Zm/ 2) ( 3)

� � In order to meet with the requirement of the max imum reange, �must be reduced three or-

ders of magnitudes. The relat ionship among the divergence �, the focal length f of the t ransmit-

t ing antenna and the laser� s maximum transmit ting leng th l is as

�= l / f (4)

� � l is approx imate f rom tens to hundreds microns, and f is approximate from tens to hundreds

millimeters. Thus f is quite long . With the rest rictions of cost , volumn, and weight , the tw o-glued

lens w hose apertures are not large are used, w hich makes the dif fraction losses be very great .
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4. Diffraction losses

T he distribut ion of the energy- flow ing density w hich passes through the Gaussuan beam

whose diameter is D and radius is a is

S = ��* = 2/ (��2x�
2
y) exp{- 2[ ( x

2
/ �2x) + ( y

2
/ �2y) ] } (5)

� � T he rat io T of the pow er passing through the diameter D to the total pow er can be derived

T =
Sa

S �
=�

a/ 2

0 �
a/ 2
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2�

0

4xy

��2x�
2
y
exp[- 2(

x
2

�2x
+

y
2

�2y
) ] dxdyd�

= 1- exp{- ( D
2/ 4) [ ( 1/ �2x ) + (1/ �2y) ] } (6)

� � We call rat io T as pow er transmission and def ine the dif fraction losses of this aperture as

�= 1 - T = exp{- ( D
2/ 4) [ ( 1/ �2x ) + ( 1/ �2y ) ] } (7)

Table� Dif fract ion losses for three types of laser sim ulaters � � �

t ypes
Zm

( km)

f

( mm)

D

( mm)

a/ �

(mm )

a / �

( mm)

T

( % )

�

( % )

navigat ion rock et 1. 5 50 28 0. 9563 0. 2539 61. 00 39. 00

navigat ion gun 3. 0 100 50 0. 8361 0. 2267 52. 79 47. 21

chaser 6. 0 200 60 0. 5017 0. 1360 23. 69 76. 33

� � Apparently dif frac-

tion losses �is related to

relat ive diff ract ion aper-

ture a/ �x and a / �y . If

these two relat ive aper-

tures are 1, then dif frac-

t ion losses are 13. 53% . T he smaller the apertures, the bigger the dif fraction losses. Now we list

the diffract ion losses for three types of laser simulators and partial relat ive parameters in table.

T he experimental results for the maximum ranges of three types of laser simulators are fun-

damentally consistent w ith the datas in the above table.
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�产品简讯� Nd�YAG激光器

美国亚利桑那州 Pow er Technology 公司推出 DY 系列 Nd�YAG激光器,该系列激光器设
计为宽温度范围运用。内置温差冷却器自动维持苛刻环境中最佳输出时激光器的温度。12V

直流电压装置适用 532nm 波长 0. 3, 1. 0, 3, 5, 10和 20mW 输出。轴向束校准和光束中心调整

都是标准化的。
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