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Study on diffraction losses of laser simulators’

Rao Jionghui, Fang Qiwan, Jiang Chuanf u, Zhang X iaohut
( Naval A cademyof Engineering, W uhan, 43003 3)

Abstract: The divergence provided by the semiconductor laser are al defined at the point of half
power. In practical calculation, it must be transformed to another define level and t he measurement di
vergence of LOC laser is rather great. So the transformation formulas of divergence for a Gaussian beam
are modified in this paper. According to the modification, the formulas of diffraction losses of the laser
simulators are derived. As the examples, the diffraction losses of three types of laser simulators are calcu
lated.
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1. Introduction

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

the basis of two kinds of lasers which are single-difference-material junction and twe-difference-

material junction. It has both the advantage of two-difference-material junction lasers whose
threshold electric current is very low and the advantage of single-difference-material junction lasers

whose output power is great. So we select this kind of LOC laser as light sources of several kinds

of laser simulators. As the output laser beam divergence which is provided by the direction to LOC

laser is not very great, the diffraction losses are usually neglected in designing calculations 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

indiscriminately. Thus the diffraction losses of laser simulators are usually quite great and can not

be neglected.

2. The divergences of LOC lasers

T he divergence curves of the LOC laser which is selected are shown in Fig. 1. In Fig. 1 the
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divergence parallel to pn junction is 14°, and that normal to p-n junction is 20°. But measured in
practice the divergences are much bigger. The typical divergence curves LOC laser which are mea-
sured in practice are shown in Fig. 2 and Fig. 3 in which the divergence parallel to p-n junction is
20° and that normal to p-n junction is 66 . But it must be noticed that the above divergences can
not be directly used in the laser transmission formulas for the divergences provided by semiconduc-
tor lasers are all farfield divergences 012 which are defined at the point of half power. That is
201 ,172= 20°,201, v2= 66°. But the divergences provided by general references are farfield diver-
gences O which are defined at the point of 1/ ¢’ of the laser mntensity. Thus in order to apply laser

transmission formulas 012 must firstly be transformed into 0.
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Fig. 1 The divergence angle of Fig.2 The typical far field pattern of Fig. 3 The typical farfield pattem of
light beam LOC laser LOC laser

3. Transformation of divergences

According to reference [ 1] the formula by which the divergence defined at the point of 1/ e*
of laser intensity is transformed into the divergence defined at the point of half power is
01/ In2/20 = 0.58870 (1)
But the author thinks it can not be directly applied here. Because it is only applicable for Gaussian
beam which is near transmitting axis. But the divergence of the LOC laser can reach tens degrees.
T hus it can not be considered that tg= 0 and eq. (1) must be modified as
tgOy2= 1n2/2tgb= 0.5887tg0 (2)
Substituting 20 2= 20°,201 1/2= 66 into above equation, we can solve for 20 = 33.3°,
201= 95.6°. The divergences are so big, if the transmitting antenna is not used to compress the
divergences, the maximum range only reaches m orders of magnitudes. A ccording to reference [ 2]
the maximum range is Zm= (L/0)exp(-— aZnl?2) (3)
In order to meet with the requirement of the maximum reange, 0 must be reduced three or-
ders of magnitudes. The relationship among the divergence 0, the focal length f of the transmit-
ting antenna and the laser’ s maximum transmitting length [ is as
0= 1/f (4)
[ is approximate from tens to hundreds microns, and f is approximate from tens to hundreds
millimeters. Thus f* is quite long . With the restrictions of cost, volumn, and weight, the twe-glued

lens whose apertures are not large are used, which makes the diffraction losses be very great.
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4. Diffraction losses

T he distribution of the energyflowing density which passes through the Gaussuan beam

whose diameter is D and radius is a is
§= W = 2/(Meiw)jexp(= 2 (x*/ &)+ (y/ ©)]) (5)
T he ratio T of the power passing through the diameter D to the total power can be derived

Sa w/ 2 (a/ 2 4 2 2
r= "= JO L Knn(éyu%exp[— 2(f)§+ Z)g)]dxdyde

= 1= expf{~ (DY) [(1/ @)+ (1/9)]] (6)
We call ratio T as power transmission and define the diffraction losses of this aperture as
2 2 2
6= 1-T = exp{— (D/H[(1/ @)+ (1/@)])} (7)
Table Diffraction losses for three types of laser sim ulaters Apparently diffrac-
A ! ) do ol T 5 tion losses & 1is related to
types . . .
(km)  (mm)  (mm)  (mm) (mm) (%) (%) relative diffraction aper-
navigation rock et 1.5 50 28 0.9563 0.2539 61.00 39.00 ture a/ ©, and a/ @, If
navigation gun 3.0 100 50 0.8361 0.2267 52.79 47.21 these two relative aper-
chaser 6.0 200 60 0.5017 0.1360 23.69 76.33

tures are 1, then diffrac-

tion losses are 13. 53% . T he smaller the apertures, the bigger the diffraction losses. Now we list
the diffraction losses for three types of laser simulators and partial relative parameters in table.

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

damentally consistent with the datas in_the above table.
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