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Study on Collimation Properties of Semiconductor Laser off-Axis Beams

Dong Hongzhou Shi Shunxiang Li Jiali Chen Shouman
(School of Technical Physics , Xidian University, Xian 710071)

Abstract: The study on collimation properties of semiconductor laser beams is valuable and the off-axis model can
characterize accurately the output beams of semiconductor laser. Based on Rayleigh-Sommerfeld diffraction formula,
the analytical expression of the collimation field of semiconductor laser off-axis beams is derived by the method of
stationary phase. According to the expression, it is found that the spot size of collimation beams in two directions is
not correlative with transmission distance but proportional to the focal length of lens. On-axis intensity is inversely
proportional to the square of the focal length and related to the parameters of optical waveguides. The phase
distribution of collimation field is nearly spherical for a short transmission distance, while for a long transimission

distance the phase distribution is close to a plane. These results are important in engineering applications.
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Fig. 1 Scheme of collimation of semiconductor laser beams
2.2 XREEHEREHSENELS
Xof 2 PO AT HEE MR AN, kK

= qz/kzvuo y‘]'ﬂﬁ?

BRRBERE EXREIEHEENLRE
B, XMBE BT LUE R A [ A A AR e 8% , 7] LUK 3
BRJE R AL & I s VR 3R D AH L AR 6 A - T AH AL
MIRIERETC R H e . BRIk RAEREOESN A
A FBERNEES NETEHRAE)E (RIE 1+
2 HAD W H TR R A

L _Drt (2
r Drz-l—:czeXp( &)
Hep f @GR, I r = V2’ +5" + .

3 JEBIRA-RARIERTH G g
Aii
3.1 WA-FARIEHTH AR

PR R AR JEAT 5 24 2k 43 4 (2) e i 1%
MO, ZWMER TR >0 F =R MEA

1! 9
E(:c,y,z) = ZKIJE(IO » Yo 90) az|: R

M]dxodyos (3)

) KR HF-RRFHH AKX, KPR = V(@ — 2" +(y—y0)°

+ 27 B TR T z00y0 BHEAT, B

VAL = = 0% RBFARMEENABHE—-ME W, A
R~ p+ (a2t + 35 — 2zx0 — 2yy0)/(20) » 4

Hfp= va'+y" +2,Q) XAPFHEEFTHH R A @ KIRE, HRH o REFE 3

E(Isy92) =

(2 KRAG) REFEERR T H@THREA, R

RERAEZH.
3.2 BHZESW

- 3 2
A1z exp(ikp) E, (;c,y)exp[ikx" + 5 —
oo U

2z — 235y
Zp
REAATUE TR, R E S e EMREE S

]dxodyo ’ (5)

T RRA (10' mm™), G)XB5 A H T2 RZURY . R KGRI 0 s B FTEk A B

. |wJE R

A —AEIL B RTTIR B, X SR R R . 2 GOR PRGN LT K, A% &

BHRILEXT BRI PR, BT A 8% SCR[10 ]9 (3. 34D KF
F(p) = Hf(:c,y)exp[ikg (z,y)]dxdy =~ Lﬂia_'_f(xl sy )explikg (x1syv1) s

St FG) WS, f(ory) WA= 2878

ja'ﬁa g 7 TERTE il SRGESE SERMPCL B

az* 3y axay
FKRMMA. G RXP4S gla,y) = (@f + 35— 2x0x — Zyoy)/(Zp),LJEla
B_g _ Xy — X _ a_g _ YN — Y =0
e m I JEFS T2
= g = a_ — 1 azg — ) 4
IR Dz = 2 F 3y = 5. BTE = T8 T Ty O RHARAG e
_ __ zADf 1 — [ 'ty 42 }
Ez,y,2) = VI E S T D@+ + _,_1chp[C(xz + 5 +fz)]eXp lk<m>  ®
H (6) RFBERBERX A
_ _G[AIDP? ’ — 2y
[y = iy +22>[D<xz 5+ =] e +5° +f2>] 0



6 # EREPEE P S LSO B RNk X 853

4 MEEDEARRFES
AT 3828 2 C7) 356 7T LA X1 o 2R 3K 0
T2 AT A0 T LAAS A L4598

T,
4.1 KR~

B R AR X PR IG B, B LA % R .y BN
[ e BE R~ R I(x,0,2) =100,0,2)/2FE x
) RS ] .
(2h +2)[D(ah 4 ) + 221 = 22°D* f*, (8)
[FEAE y J7 18] °) LA45- 3]
2 4 — 2 fn
y?nz+fz2 (yfn—il-fz)zeXp[(yfn +if2)c]: L ®
KRB 2o ya B8 EEBTER . K
EEEERRELHICGN, B 2L +22~ 22 W
ya+ 28 a2, M) M) XA H

[D(E + ) + 241 = 2D 74, (10)
21 — 254 7
L +f2>2exp[(yf,, +f2>c]_ 1, ab
B QoA mE

Im:J(A/_éif]-l)Df’ (12)

A2 XAATLUHE,z. N52BEDMfAX, 5 f
BIEHRRR M AL KER R EBR TR, B
IEHERT yu/f B, BH &0 ATIH

Vo = Lo f 13
Htk y IR R T 5 IER TR,
4.2 BH¥E

S x=y=0,H XNABHHHERN
1€0,0,2) = | A%/ f%,

B DL VT OGRS A MIER X B T A =

mﬁvﬁﬂmuﬂﬁm%%ﬁas¥%Wﬁ%
AN g

AR FEMWERTSEMEESR X, 5 ZH 38
KT 55 7T LU BN EBE R E B R LB .
4.3 HESH

1 (6) AT LAFE B A AL s Bh
x’ + 3"+ 227
VEF
H 0t BR R DA, 7E A S T 1) B B A R B A L 4
i, EZEEBER DS EREMELT, B = R
B h(x,y,2) ~ kb V2l + 7 + 22, W HI A 24
BT ABRE. T 2 RT z ,y B AEMUHEE,
A LA ik DS T

h(Iv_’)hz) =k

5 45 ®

R BA-R AR AR F ARG E T
S 5 PO 1 I R B 25 o W U U 1O 0 A
Wik, TS, B B, R AT
FHOEBE RN AT, B S B AERIE WX R,
W EEE N SR SR TSNS R AR EBEEES
K 08 88 ECATI L 43 5 720 4% B BE 189 e K ST 0 T
T 5376 -

s % X &

1 Liu Hongzhan, Liu Liren, Xu Rongwei e al.. Application of
optical matrix in semiconductor laser coupling[J]. Acta Optica
Sinica , 2005, 25(6) : 825~828 (in Chinese)

MER NSNS & EFEERERERSREEHBETH
BRI, A% %3k, 2005, 25(6): 825~828

2 Liu Hongzhan, Liu Liren, Xu Rongwei e al.. Measuring near
the diffraction limited wavefront of semiconductor laser beam[J].
Chin. J. Lasers, 2005, 32(4): 519~522 (in Chinese)

X R XA RS . AT ST AR R 2 T o 3R 0 T A W
[J1. + &k, 2005, 32(4): 519~522

3 Gao Mingwei, Gao Chunging, He Xiaoyan e al.. Study of
twisted beam symmetrization from laser diode bar[J]. Chin. J.
Lasers, 2005, 32(5): 604~608 (in Chinese)

W, AR MR £ ERREOER R LR MR
B BBrFE]]. + @k, 2005, 32(5): 604~608

4 Liang Yiping,Dai Teli. Improving on the collimating performance
of cylindrical lens to the beam of laser diode bar[J]. Chin. J.
Lasers, 2004, 31(11): 1305~1311 (in Chinese)

R, RBAES. BABEEX R EMOEEREEEBRBUHE
[J]. + &%k, 2004, 31(11); 1305~1311

5 Zeng Xiaodong, Mu Meili, Far-field properties of diode laser
beams[J]. Acta Optica Sinica, 1997, 17(8): 1086~ 1088 (in
Chinese)

YR BEW. FREMERERTHRERELI] 2%
&, 1997, 17(8): 1086~1088

6 Chen Hui, Wu Zhensen, Bai Lu. Research on the coherent
scattering of Gaussian beam from arbitrarily shaped convex object
with rough surface[J]. Acta Optica Sinica, 2005, 25(1): 115~
120 (in Chinese)

B ¥, R&RF A % EEEROEEYDEAREIOERMETR
0], R F £/, 2005, 25(1): 115~120

7 Kailiang Duan, Baida Lii. Nonparaxial analysis of far-field
properties of Gaussian beams diffracted at a circular aperture[J].
Opt. Exp., 2003, 11(13): 1474~1480

8 Zhao Bin, Li Zhu. The focus diffraction property of axicon
illuminated by inclined plane wave[J]. Acta Optica Sinica , 1999,
19(3): 299~305 (in Chinese)

B OR,ZE= M. RRREEENAAN T RENT R
[J]. &% %3k, 1999, 19(3): 299~305

9 Xu Chao, Zhang Jingjuan, Chen Junben. A phase-only optical
system for wavefront transformation of rotational symmetric
beam[]J]. Acta Physica Sinica, 1993, 8(42). 1245~1251 (in
Chinese)

W, REE, BRR A, T E X AR B BT AR 46 i A A 2R
RG] HES$R, 1993, 42(8); 1245~1251

10 L. Mandel, E. Wolf. Optical Coherence and Quantum Optics
[M]. Cambridge: Cambridge University Press,1995. 136



