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Abstract TFour pieces of reflection volume phase gratings are selected, and then divided into two groups, in which
the fringes are orthogonal to each other. The planes of grating’s vector of each group are perpendicular to each other.
As a result, a two-dimensional low-pass spatial filtering for continuous-wave (CW) laser beam is achieved. Based on
Kogelnik's coupled-wave theory, the performances of that configuration of filtering for CW laser beam are analyzed.
and the filtering characteristics of the configuration for deformed Gaussian laser beam are simulated. The results
show that the components with high angular frequency of the input laser beam have lower diffraction efficiency, while
those with low angular frequency have higher diffraction efficiency up to 98 % in this configuration. The high angular
frequency can be filtered out from the laser beams without focusing. The spatial intensity distribution of filtered laser
beam is similar to that of undeformed one.
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Fig. 1 Schematic of low-pass spatial filtering for CW laser beam by RVPGs

SROCEAT T4 A MR . @S2 aE 1(h) . () Fim
ME AR R . Hop XOZ fe48m . B Z #irFAr T A
SEHR A O BER ke GLRN ko = 20/ 24 FR AL

HAE AR IR Y il T 4R L 1) 4K A L 1k
I 1O RVPG AN AR X R . 45 el B ik 2

BT HE ZJOUMES 8 0TS ER T AR S HA X
B Z A0 eI —ECH A d LA 25 RVPG, 1)

DA AR S by oA ko 5 M 2 TR 1 o i N )3
1.8 T AR E 1) 5 1) i AR
5 AR TAT S8 5 15 B ) JLAT a2 e BT
B 1Cb) (o) Hv (18 T 20 16 Bl i 9 T 32 1) 7 14 G 52, B

N L NoWNg | NGGER b A OGS A B3 3% 1 i



1556 it 2 2 i 30 %%
SB[ —sin 1, 0, —cos ¢ ][ cos .0, —sin ¢, ],[0, 02 YRR /N B oA B A B 1 ek s R
sin ¢y ,cos ¢ ] LAK[0, — cos ¢ ,sin ¢ |, H il TOGMER G
WK TS T K P N D dees = 0= g%zmgiyw “““ ) X
L—ﬂj‘] 21t/ A [—sm ¢, 0,—cos 951]0 SH:% RVPG, E]/‘JEH?ETJ‘ exp[i ik, a1 Ry, v, ):| R &)
FFKARH M e
_ 1 S
n, = ny, +nycos (K »r), @) Ulkypy by ) = X
] v ! ] I ’ Ml MZ L==M/2 1, 7;;12 /2

Km0 8 RVPG, 1F 47T 41 % . 1 niy 4 RVPG,
AT 555 2 8 1

B 1 %6 B R U 704 I R o R
TG Y £ B3 e R LA R 7 S 0%, SEBA ST I
SR AR A 5 43 CFF R ) 5 R A
I CHRY AR BG40 ) 19 255 (8] 43 B DA 3 30306 06 A %3 1]
I U8 B AR . o RVPG, fil RVPG, . DL &
RVPG; Fl RVPG, 43l 52 B8 AH B 3 B 7 17 L —
Yo (MAGE DE W X L L BESE 8 X 5 Y Jr
Tia] P9 35 ' 06 R 25 T A0 3 8 OB AR . S B L R A
2 v RVPG 5l 68 52 B0t o0 = 2 I 8 8, 48 1 R
M 2 7 RVPG 233 iUk 5 /OGRS R A
— BRI AR 5 S R GE L i oR
4 i RVPG 7] DL 52 3L % J5 1 O o R0 A5 't oA
AT AR G 2 A B T N R g E TR Y
A R A DRSS OGRS

3 SR AR el A 7] 1 g Jt P
A S IR 4 5 45 U 75 R 1 20 B g L
A3 O SRR TF B8 1 2% S A

E(x; 2y, vz = 0)explilk.,,, 2, + kg, ) 1 (G))
AP MM, 535 v € [—Di.Di1/2.y € [—D..
D,]/2 V\]E@#lﬁﬂﬁﬁﬁlﬁ)ﬁiﬁl;x,, = 11D1/M1vy/2 -
LD, /My (L, =— M, /24,0, , M, ,/2 — 1) 435
FOR A WA STE X RS Y B AL bRk, =
7711(27T/D1) k, oy, = my 2/ Dy)(my, =— M, ., /2,%,

oMo /2— 1D IR TG R (e sk, ) B,
Bﬁﬁ{ﬁf XY J7 [a) By A5 (AR

TE LW R K,y 12 XOZ SF-TH N B 52

YOZ ?EV\]E’J?& 'ﬁ Z B AN
Bromyomy + 2 BN ar ., = arctan Ck, /e o, ),

u&f

Brom om, = arctan (ko /R m, Do B R iy, =
ik =k =R, ) B ari o, B, (RAU
v vl VEREITTA S U v B ) 0 B35
s

MY KOgelnik — YR G U FE A A L T
AT LA O HGE i RVPG, 5 1 A7 416 8 52 4 i
(EE=Su =l

4 / . 2 2 1/2
: =U : : —1(1 =&, .
2 2 2 y y 2 2 2
Sl (al.;rl1 smy ’Bl.ml smy ) (al.m1 m ’Bl”"l sy ) |:$1./11l smy /Vl.ml my ( gl.ml sy /Vl.m1 smy )
2 2 1/2 1
coth(v, L, — & )2 4
A
_ inny,dy (e » eo)
Vl.ml.mz - K /1 —1/2 ’ (5)
A[cosa,,. (cosal_,_ e ”
{ Lomy sm, myamy 27[ 1.0
Sl,mw,m2 - 47rd771,05in al,O,O(al,ml./u2 7(11.0.0)/A’ (6)

enfll eio 533 R RVPG, b A GG A R 5 6 o D 4% 5 10w, o, B0,

w, ST R R AGE R & RVPG,

M RT S RAE XOZ -1l N I 3R LA R AE YOZ -1 N 1 3L ‘iZ%EI’JJEﬁ%

KIS ERZE R J5 1% . AT A% O R o3 il E
Sy oy 3By, ) (P=2:3 0r 4 ),

1 RUEA = 56 M L B I i B Ik ) AT S Ol B A R i

g5 b ASOGHGE R A 1 R 6 B S R OG5 43 A

I(J";1 ,y?z) = ‘E(l‘;l ,yﬁz)\Z =

M1 /2—1 M2 /2—1
\ D D S oy oy Yexp {— il Cr/L) 2, +m /L)y, 11| (D
my=—M, /2 my,=—M, /2
a0 F 5 o Ry, BIBUE Y AR S A B AT BT AE 1 AR bR R s A AR TR] S B 2 1 XYZO P8 — 5 o2t T A9 10 A

&R X'Y'Z'0" F At RN



6 39 KRGS S I AR RH L I X 2 2 O O TR 2 T AU 3 ik g 1557

B 1 Ca) R BB 0 BT SRR N &
RVPG, J5WIATE 5 A S 6 D A, vl 15 4
fi SRR R BT .

M, /2-1 M, /2-1
’ 2
>0 > 1S @y B on,) |
o= M/2 my =M, /2
Trowl = "M 721 M, /21 +(8)
2
2 E ‘ U(O(l,m] “m,y ’B].ml sy ) ‘
=M, /2 my——M,/?

B 1B R 896 B T A o = @i s
ﬂ,4.;r:1 sy :ﬂl.ml smy ©

4 FELZE

ST S b T AN I 2k X 3 SO O R A TG
E P8 90 ) S8R 0 B 722 g ST ' SROAEE A i A DB TR A
FUHC T 3 M TS YOGS A A L T S R R v
AT XE LG P ke B A IR ORI R i
IR S AR M Rk AR

E(x.y,2) =E, whcéi)exp[— .Z;JZJ(F;); }X

explilwt+ ko = r)]e e, 9

A wesw(z) = wo[ 14 (/O 1V 43 5| 7R 1 &
H ' SRS B AL 1 R A BE RN Ry = A P B AR L S
oy H AR 0 FEEE L e S PR T In] .

TERE BTSRRI 4 SR

D bR ko 0l 2 18 1 RVPG, (=1,
2.3, O WA PLAE S5 . (EBEAEMBAR KT LW
AT SRR A RE B B e i) 5

2) SR BLOR S A 9 1) RF 2 88 KL By 1k AR
DGR FE G 5 s 4

3) 228 W AA AT 5 22 T 114 S5k A SRR I A 5

De AT T Y Bl BIAER 1(h) s AJEH N s
i df AR 1Co oy p fifik. HARBEIZ 5 8H
mak 1 R,

S oo o

Normalized intensity of
Gaussian laser beam
NSO D B o 0 O

Yy, -1 — 0
m 2.9 1 Nlﬁﬁ“

#1 ZE¥HE

Table 1 Parameter used in the simulation

Parameters Value
A /nm 1053
wo / pm 400
M, .M, 100
D, .D,/mm 4
f/m 0.5

AvsAs s As A /pm
dl sdz sds ,d1/mm

0.40,0.40,0.37,0.45
3.00,3.00,3.00,3.00
1.48,1.48,1.48,1.48

N1y 5Ny sy a0y /1070 2.6,10,2.6,15

b1 085/ () 45,66

X TG A 0 1R B L 003 0 75 B RVPG,

A RVPG, L& RVPG; #1 RVPG, (1) [ 7] 4 &
DL R D XS R AT ) 0 A A
WG R HARHE AT

My s M2 s M30 2 M40

H 34 ¥ H- o J ] 45
sin ¢, = ny,sin ¢, (10)
sin ¢, = ny,sin ¢. an
Hi A BLAE S5 T 15
2110 A, cos $1 = A, 12)
2150 Ay cOs By = . (13)

o ¢ 6,40 N 7E RVPG, #il RVPG, G
S5 RmENKIMA. B +o=n/2 UK R
4 K] 15

o oty —1 = A )+(i) . oAb

2A1 ZAZ
[F] L AT 75
) ., A2 PR
ns, + ni, 1= (2A5) +<2A1> . (15)

FH (9) 2 7R 14 A — b oA 18 A5 2 197 56 3R 7 25 3
DL R F 1 35 1) 5 B 3 A1 0 il an 1 2Ca) s 2(D) TR
K 2(b) W RS AR B Aa BT AR 43 551 My i 5 0

w
(=2 ]
o O

200
100 4

(=]

Normalized intensity of
Gaussian laser beam

0
/ -
Mg 10

Bl 2 H— AL 7 e R AE Ca) 23 S LA B (b) # 3i% J By i 82 0 A

Fig. 2 Normalized distribution of Gaussian laser beam intensity in (a) spatial domain, and (b) angular spectrum

domain, respectively



1558 ot &

¥ 50 %

IR 11 B Al B ik AR SO T 4% T R A BT AR B9 3E
SCHE 2 D, HR KN

Aa = Qi m, (16)
AB = Biimom, — Broow- (17)

MIEN 2Ch) AT 7 H < 6 T A g 07 O R, L fE B

T a1,0.0 0

B T o0 AR . O T LS S
A7 02 2 65 R 2 T
R SR A S 36 B0 N 2 T DT S L 1
BRI 2 T B TR LU ($0.0) 1Y FA AR A
(o, b0 ) HSLARIE U by 4, ) MIFER

Udy by ) =
[U.0)/20, A< ¢ — 4

o,

< 10.3, and | ¢, [<0.2650r|¢, —¢ | << 0.26, and 7.4 < |4, [<10.3

v

others

(@E))

AP A B A2 H  mrad.

Wi 72 1 90 O ST 2 S e S 3 SR ) 2 A 3 S
3(a),3(b) T/,

MIEL 3 Ca) AT A - B TR AR 23 S e AR T BOR Y
W 25, D' 5 3 A1 AN 14 B AT BEAR i $8 0 A B R L TR

Intentisy of deformed
Gaussian beam
(=] - [—
o =) o

[ =4

S IO R B T R ERAR RO . S TR RS
JoT 5t B YT TSR FH U IR A e e (R 5 R B 1Y
Jrik. WK 1 PURS RSP Y SRR R
ok R R B O A 7S 3L R A R S S
A3 3 B 4 () 4 (h) fif R .

Angular spectrum intensity of
deformed Gaussian beam
[\ RV =
(=] S =]
(=]

3 AR R TG ARTE (o) 25 3L K (b)) Ay 3% SR ) 5 BE 23 A

Fig. 3 Distribution of deformed Gaussian laser beam intensity in (a) spatial, and (b) angular

spectrum domain, respectively

1

Intensity of deformed laser beam
by the filtering of RVPG
(=]
N

0
mv]“\‘“

Sy

o

= ,

B2 400y

op :

E g 3004

22 500

g5 7|

§§ 100 §
=]

T

"

5% 0 5 10
< i — 0

Mg =5_10 ~10 M’Jm‘fa"

Pl 4 R 7% e U o' TR A I S AE (a) 23 3R A B () 35 48k ) 43 A
Fig. 4 Distribution of deformed laser intensity after propagating through the RVPG in (a) spatial domain,

and (b) angular spectrum domain, respectively

XFHE P 4 (h) 5 2Ch) Al A Y o T 5 7 1 35
P9 568 J3E A R AR — B0 24 W AR Ol R S R B
9 ARSI B WA R B T AR A 3 B A 3R
1o BT 2805 R S AT A i e R P X b

Bl 4 5 2 i H o SRS A GO RAE =
SR 5 3 AT R A — B R () S PA KR 1 Fr k2
AT 2 IR R B O R R IS S R T R L
(B 9800« HEAS IA B 1 U I e A9 22 A 1 LA R AR



6 39 KRGS S I AR RH L I X 2 2 O O TR 2 T AU 3 ik g 1559

A5 MG 1 B2 H W, SEE T AR A R
243 1]V 368 0 O 1) AR

WK1 s 3 & o RVPG, #l RVPG; 73 5l
SEHELAS A T AT S AR B T8 Rl A5 e AR o
{1 e AL 1 3 B A LA A AT P A S R L T AT P AR AR
i R o B R 0 A 0% i RVPG, Al
RVPG, 41 5 2898 il B 53 3 Lk RVPG, #il RVPG,
B — R NER 1 PR W52 i £ R A
2 0 Sc#k [16 D . X 1T DL g5 6 RVPG, Al
RVPG, (13 B2, A5 600k A i 7 S 380R 1Y
Pl % » 52 BRUE B J5 1906 R 5 A SO AR AT R H Y.
H It RVPG, 5 RVPG,, k&% RVPG, 5 RVPG, 4y
591 £ A A L A T 1) b A — 2 s [ R i D LU
WG DGR 52 B A G ARPAT e &k 3R
BT e s MIGE U B Y I B T
ST 20 B 1T 255 BB A A5alE e i T R OB AL i Uk
VE RN R RS KIS SN -3 Y=
5O CHA AT 0 00 Rt AR E G T ROt
F1h 2 [ UK 388 308 0 1

5 4 e

$& A R S AR AR A A7 e A ke S B i £ Ot
A AGE UE I ) 58, A 1 T HAR S e
TR E N VERE 4 e A R RE A A A PR PR G
XTEH A HL 2 G A% A o< = T AE B L 43 S8
XT A B SR AE AH B AE 32 5 1) b ) — 4 23 (R AIG 3 U8
T 2R 58 L A 2 B 6 SR I R s T A0 8 i 1)
B PP E WA ORI TR S AR AR 47 YA o 2
1 R LT B A RE R PR LA S AR H i 04 A s AT 5 AR
B0k 58 RO PR 2 ) I U8 U i T Re 18 S BRI S
) 6 5 A S AR [/ — 5 1a) , ff FL A7 AT RE 4R
PATTAR R A F S B i R . TR AN T X
ASEHR AT R AR w S BT A S R AR S A
AR T A B A ) A e e TR FLUE
AT RE T AR O AR S S B LR IR Y
HR ARG IZ T E RN T &SROSR, T
BT FLUE I T o5 R B K AN I8 B 5 0 48l A R0
SR s A . R PR H IR E
FEUB P OE R EAR Y B JAH Y, A AR O T Pl R e A
WO RGO AR ML A .

5 F X M
1 G. B. Venus, Armen Sevian. Stable coherent coupling of laser
diodes by a volume Bragg grating in photothermorefractive glass
[J]. Opt. Lett., 2006, 31(10); 1453~1455

2 A. Sevian, O. Andrusyas, 1. Ciapurin et al.. Efficient power
scaling of laser radiation by spectral beam combining [J]. Opt.
Lett. , 2008, 33(4). 384~386

Chu Xingchun, Zhao Shanghong, Zhan Shengbao et al.. Spectral
beam combination of fiber lasers based on cascaded volume
gratings[ J]. Acta Optica Sinica, 2008, 28(8); 1538 ~1542
X BEL . A E LR TREASEM Y SR L EOR FES
HR[)]. Rk, 2008, 28(8): 1538~1542

4 A. Gourevitch, G. Venus, V. Smirnov et al.. Efficient pumping

8}

of Rb vapor by high-power volume Bragg diode laser[ J]. Optz.
Lett. , 2007, 32(17) . 2611~2613
Xin Guofeng, Cheng Can, Qu Ronghui et al.. Study of spectral

o

characteristics of external-cavity semiconductor laser a volume
Bragg grating [ J 1. Acta Optica Sinica, 2007, 27 (10):
1821~1826
FEE, BOAL, BRI S AR G A I 2k T IR OB ARt
HRRERFIELT]. k2 S 4R, 2007, 27(10); 1821~1826

6 Cheng Can, Xin Guofeng, Feng Huizhong et al.. Temperature
characteristics of volume Bragg grating external cavity
semiconductor laser working at continuous wave [J]. Chinese J.
Lasers, 2008, 35(1): 27~30
BOAl, EEE, BE S S TAEM IR RIS L A R S
EOE R R R ], P Bk, 2008, 35(1): 27~30

7 Bo Baoxue, Gao Xin, Qiao Zhongliang et al.. Characteristics of
high power volume-Bragg-grating external cavity semiconductor
lasers [J]. Chinese J. Lasers, 2008, 35(4): 501~504
W, m R R R RIRAOUMSNE - SRR &1
b)), Bk, 2008, 35(4): 501~504

8 Par Jelger, Fredrik Laurell. Efficient narrow-linewidth volume-
Bragg grating-locked Nd: fiber laser [J]. Opt. Express, 2007,
15(18): 11336~11340

9Y. L. Korzinin, I. V. Semenova, N. O. Reinhand et al..
Holographic nonspatial filter for laser beams: 2D selection [ C].
SPIE ., 1996, 2778 . 25~26

10 J. E. Ludman, J. R. Riccobono, N. O. Reinhand et al.. Very
thick holographic nonspatial filtering of laser beams [J]. Opt.
Engng. . 1997, 36(6) . 1700~1705

11 Michele Henrion, Jacques Ludman, Gennadi Sobolev e al..
Two-dimensional holographic nonspatial filtering for laser beams
[C]. SPIE, 1998, 3417 195~206

12 Zhang Guangyong, Zhang Heling. Holographic filter with spatial
filtering action [J]. J. Capital Normal University (Natural
Science Edition), 1997, 18(3) . 41~44
FKOGH . G, BAASE IR IERE Y 2 R IR M AR [T ], & A m
ERFFMCBRAFIR . 1997, 18(3): 41~44

13 Zheng Guangwei, He Yanlan, Huang Shuihua e al.. Low-pass
spatial filtering for continuous-wave laser beam by transmission
volume phase gratings[J]. Acta Optica Sinica, 2009, 29 (4).
863~868
KOG MIHE . FKAE 55, 37 S B A7 G % 2 OOt R
ZCHE IR [J]. &% F 4R, 2009, 29(4): 863~868

14 G. B. Venus, A. Sevian, V. 1. Smirnov et al.. High-brightness
narrow-line laser diode source with volume Bragg-grating
feedback[ C]. SPIE, 2005, 5711: 166~176

15 J. E. Murry, D. Milam, C. D. Boley e al.. Spatial filter
pinhole development for the national ignition facility[J]. Appl.
Opt. , 2000, 39(9): 1405~1420

16 Zheng Guangwei, Tan Jichun, He Yanlan e al.. Diffraction
characteristics of ultra-short pulsed Gaussian laser beam by
reflection volume grating[ J]. Acta Optica Sinica, 2009, 29(12) :
3260~3266
HOGEL, WE AR, AW S SRR A X R Tk s 407 R
ARSI LT]. % 3 4R, 2009, 29(12): 3260~3266

17S. D. Wu, T. K. Gaylord, E. N. Glytsis ¢ al.. Three-
dimensional converging-diverging Gaussian beam diffraction by a
volume grating [J]. J. Opt. Soc. Am. A, 2005, 22 (7).
1293~1303

18 H. Kogelnik. Coupled wave theory for thick hologram gratings
[J]. Bell Syst. Technol. J. 1969, 48(9);: 2909~2947



