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parameters available are discussed, and some key issues on definition of beam quality are calculated and analyzed. The
well as different systems objectively.
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According to application purposes concerning focusability of laser energy, three kinds of lasers, i. e. ., the
results show that, the parameter of laser brightness or laser energy density on the target is a very important standard

annular lasers generated from unstable resonators, Gaussian lasers generated from stable resonators and combined

5l

lasers of several Gaussian lasers are taken as analyzing objects. The advantages and drawbacks of beam quality
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laser optics; beam quality; far field energy focusability; evaluation standard

for evaluating the performances of laser systems, which is suitable for measuring performance of the same system. as
==

XEOE R 5T i HE AT G BRVP AL = WO SR A B SR . OB R BT R WOG I R R T i S
18—~ AN HE [ JBE 14 i) 751
Wi EH:

22
80, B S MR T T AR A SO R R (9 PR RE B AR 0 SO E B BETE L RE I AR R
i

& v

i
SCo M\ 20 fiE 22 60 AEAUHD T 158 — 15 Z0 5 A0 BWOG AR UE AR R . 401 n 220 1m0 R 48 3 D't TR R 42 A AT TR AT

E-mail: xyli@ioe. ac. cn

1960 4F ., Boyd 2 8 R FICBER T w RO K BLA 0 At IE f IR A AR AR AL £ 0
Ja B ILAAF N SO HOR AT B T3 2 A R A% RO BRSO A AR 4 TR T L (53O O R R R 28 A i DD R gE —
EEE A (1984—), B, W LW A, BT

(1 5 S, A B R A 7 R AR HE R I i 5 vk . B 20 #2290 AEARAT  Siegman U B A O G R 1) M
: BAIEM%
2B

o
=) He

2011-12-19; W B & FmEHHE: 2012-01-05; ML H MR B H3: 2012-03-23

HOGH AR HE A HFFE . E-mail: yuanxing-he@163. com
ZEHH 971 B WS 0L AR S0, RN B S N R EEOR R BRI B R S5 O I M F AR .
051403-1



49,051403 MM SYBIZHRE www. opticsjournal. net

TRESE T RO SRR BE L MR R A OO T A R OGS B PR AN 2 8 [ RO o SO Ak T
T 2R T I AR R G TR A i 1 e A 2 S L R D' SRR A G i A H o — BB I 5 R A I R s v £l
HLLASORN o BAR M e IS b HCRG™ A% (E AR A OB SR 5 DEA 55 65 07 S8 A7 16 1 2 3 LL 5 fIR
(1) [ 50, 45 T 0 » Siegman™ J5 5 @ BCK M dly e o B R 718 1E OS5 R .l T SE B R 5 A
AL H A ) 22 R0 B F AT Ik L A B EOEOE AT R PR 18 R A A B8 — [ N AR 0 2 ) R i i 3
PR A TR 45 n XA A0 i s RS T3« B2 AR 3 BRI B B 9 28 95— A 88 T PR 2RO AL
L F) 6 R TR P A R ZR R A e B

X SR 14 RE H2E i iz OGS AR T 08 733K 28 10 FH 545 AT 3 3l S 192 52 B O 1) 8 37 i ik 4 v R
(ol AT SR AR AR 1) XA 2 % LT e O o B Py o AR S RN T 1 T OB E R B R IR R R R
AHEEAIITE L PUR ILRY =R RIEOC T, BV ARARE 7™ A8 B PRI OGRS 7™ A 1Y o 6 TR DL e 22 B
1o A A OEHAE S B TS A X G L B X RE R RN H A 20 M 1 BUA 25 B PEAN $5 R D0 Bk A
PE I XU R AR B T LA PR OGS BT 1 0HE e A 45 2R 8 4 5 B PP O R B R I —E 2% .

2 RO AR B R LT 4 B

T SRR WORF I T AR T 4 B OE A S8 AR SR B
2.1 RERRRTHTHLHERA

FAIEBER A o 3 SO R 5T P9 A2 A MO B Al 83. 89030 86. 5 X0 MU REFA2 (R B . E S5
S R PR SO R SO IO SR 00 B 2 6 R S 1 RS 6P T P ST

L 5 WA 0 5 SO KRR I B S EBER T o) 5 B AR R SR £ 19 LA B

0= % (1)
RAESEBER ) g 3 & B BRE S EL B R B A B M R e R R f R B KNS RENF R G
S HCA & ANE T AER [F] 62 2 40 [R) 0B 1) LU | AR B b R B 2 45 45 5 g iR 4,
2.2 RREFWEF M
JH AL T M & 20 thad 90 R Siegman BG4 A L B S B2 FH T A 8 40T % B0 R
B SR S BRYEHAY 6HRS BB (w0) 5 HH AR A5 3 307 06 TR A D6 TR 2 OB (o 00 5 B EL A L B

Mz: w@ (2)

’
woeo

AP B S WO R DE RS BRI w, 00 = 3/ A fe/N LB R M? = 1M 2 2 TOLas i —
B HE R 5 SCHY [R5 1 T U A Y CRIE S8 B2 [ 35 CRe oD 1 2 A0 % SO6 0 OB B 1 82 0 - B0
AR S BEAE TCAT AT R 220 R G MR A AR R G 1 R R AR BE RS e g A O B
JCH TR TSI AN B A L P M B — B2 BN SR 2 ' R B A B PR SR R M T —
P BE b ] LS W S PR ol RO S T B AR BE A g 07 0l I 1 BB e A A R B L AEL BB O I AR D AN BT TR
NATZ NS M T A2 A 12 52 B e R B A 7 8 46 B 7 BRI A 51 42 A A e L v IR Y
JRy BRAE R MDA A AR LR E T AR £
2.3 EEHFERE

WAL 3975 7 0K EE (SR ) 5E SO SEBRE AR 75 R Lo 5 BEAR S ZOL A 5 B LOEOR Locien
Z L Ep

Im;\x.rml
Imax. ideal

1% 5B 25 R 193 6 CA R A0E A A 38 B 2 U0 SR ) 2 R T Rpea << 1, HBHZIE 1,06
TR o T SRy I PR 1 500 1 2 O I 3 il b W D' 5 R L AR — E R b T LB S PR ol R
4 AT SR AR L AEL H T 0 2 8O0 12 B2 B ] B 007 B B 06 55 A £ 5L DRG0 AN RO & 1 8 3 RE B R
M.

Rpcak - ( 3 )

051403-2



49,051403 MM SYBIZHRE www. opticsjournal. net

2.4 MEREEHHERLI
P [ BE f2E 4 7 2R LU (SR i) 58 SN I 751 THT A 5 B O R AE S — MBI B9 D0 R P S EAR S %0
AHAEAH R RS RT NI3E P I LU B

R ircled — e . (4)

eeeeeeee Pidcal
H T 592 B ' SRR KLY PN Y 2 A /D T B 2 25 O AR AR R A N B9 R R << 1 FL B GE T
LG HR BT R BF . SR & A T RER BN G 7T RS PR R 7 i e i S b H A R AE T, —

5 T8 2 2% S SR AR ROST 089 58 SCAEAE 4 180 DT (] — 3806 3 AT BB A5t 52 42 AH B i) 06 38 T 4 10 45 1 PE Ak
GERL L ETEAR R Y 0,53 AL /DL 1,22 AL /D 2,23 AL /D LA J% 3.24 AL /D % RO K L K
JEARAGHBE B s D RGO ,
2.5 EREELL

P HE B o (BQ) & S 8 37 °F- T N BRAE 2 25 6 7R it — FLYE AR 09 2 28 (BB ) Pigea 5 S PR G IR TE
A TR) B ARG P 1 ) 26 (B B ) P EEAE A 7 AR L B

Pigea
RBQ — PI 1.

PR FEIBE i BUAS BT b 5 B B RE R TR A R — B . W T BRI Rue =1, OB IE T 1. OB i it
ML
2.6 XRE@WET
T A PR (BPF) J& X1 P 4 1107 [ P 2 5 A6 I S8 4F 4 Hh R T3P 0 A 1 45 O 5T & A I 1) 2
B8 SCOR SEPROGRAE L 37 T N R4 1022 AL/ D AR N A9 D 3 (BERE i) 7 5 R [ S L AR 1) 2 i o T
DG A 28 75 A1 [ B [~ A2 A6 P 14 2 R CRBE ) 1 BE AL BD
P

T}_:,pp — 1. 19 . (6)

total

X P AEBREHRAE L 42 1. 22 AL /D AP 1R, Pow M3 1 PO BE R I3,

X SEBRICHT s Tope << 1. HBHE T 1 OCHR PR MAE o JC A5 1] DU T RE 5 B 09 B &l e 5
PROGIRAE 12 37 1 g e B v B AT SR AR BE T, JF H. BPE I 5 T30 6 D A sl a2 i 00 S L 11 B 1 Zh 38 ) T
Bl PRI RS BE A AR T ol T2 ARl it i () A L O Y LA Fp st — 204
2.7 XRREETFP

Je AT N 5 BUINFROG IR BAED 7 S0 SEBR G W A I 37 % 1A O 5 BRARZ 25 56 R I3 3 KA Oraear 1Y
O, H

€))

= % %)

SRR GRS AR S L R e 3 kWO B I T 5 N — B RE A 43 e E UYL X T SEBROB R

B=1,R Mk F 1. YR R Sy . YEIR R F Bl TRE = AN A% &, v I bl 52 B 6 3R 7E 28 3 1

() i B 4 HH R AT AT SR AR L (F AN AT SR AE T HEAR S 25 0 ol M IV R i B A9 B0 4 130, 0 L A AL B o L

H 86.5%.83.8%0.63. 2% % . BLAN, YEH B {ELFE I Ty 1 A7 FE Y fi K ] R L RS FE A2 BRI A A W 7S R
AR TR s AN [R) (A 98 B L 2 W 7 0 K A B AS ) B 25 5 B (E IR AS 2 0 8 2 S8 BAT ST IR I 5 1B 4508

3 BUA WO IE AR B PP AR B ) L
3.1 M EFHARRE

2 B ST T Ak 2 B 6 TR B T B B LG BQUBIFAS T/ L SR o) AU
[T BPF BA KOG TR IR T 8 =345 0 P 052 bt o 00 B Rk S o 0 AR RE ) 08 4 T f
R PRV M DR T AR — TR T L 5 O 2 0 B 1 £ 0 L e e B R T
RELHE RS T 7RO (L 2 S 8 T LAk 9 DK 322 3 B B o E 9 5 i — 2B 5

051403-3



49,051403 MM SKBIZFHE www. opticsjournal. net

3.1.1 #BEEHMHER

XA IR U U 6 TR AL i B 2 307 D16 TR0 Sy AR AR A5 iy J0i O R S A s iy BRAERE . 3
T MR L35 R B WG TEM,, L TEM,, BL K TEM,, #1958 3% 3 il i (PIB) fh £, &1 1 fros . & o
[ B A 7 T AR A R LR 0 1 MR AT S

B 1 R B oGS B X N 237 PIB g4k, (a) MR M2 By TEM,, fil TEM, B4 HL %5 5
(b) A[H M* ) TEM,, f1 TEM,, #% ) L%
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Fig. 3 Far-field PIB curves of different kinds of single lasers. (a) Gaussian beam; (b) circle annular beam;

(¢) rectangular annular beam
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(b) B ER wo=1, D=4, F=2;(c) @it H w,=1, D=5, F=2.5
Fig. 4 Comparison of far-field PIB curves of truncated Gaussian laser between plane laser with the same transmitted aperture
size. (a) Gaussian beam w, =1, D=1, F=0.5; (b) gaussian beam w, =1, D=4, F=2;(c¢) gaussian beam w,=1,

D=5, F=2.5
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truncation coefficient with truncation
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Fig. 8 Comparison of far-field PIB curves of coherently combined laser between plane laser. (a) v=0; (b): v=1
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Fig. 9 Far-field PIB curves and normalized encircled energy density curves of different kinds of ideal lasers.

(a) Gaussian beam; (b) circle annular beam; (c¢) rectangular annular beam
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Table 2 Influence factors of beam quality

Influence factors Single laser Combined lasers

transmitter aperture shape of each

beamlet, aperture size of each

transmitter aperture shape, beamlet, obscuring ratio of
o aperture size, obscuring ratio of transmitter aperture of each beamlet,
Intrinsic factor )
transmitter aperture, laser wavelength, laser modes
laser wavelength difference, number of beamlets,

vacancy factor, distribution scheme

of combined lasers

higher-order wavefront aberration of
wavefront aberration, intensity
cach beamlet, intensity fluctuation of
fluctuation, temporal and spatial
each beamlet, polarization angle
coherence of laser. jitter of
Extrinsic factor errors of beamlets, piston errors of
transmitter laser axis,
beamlets, temporal and spatial
laser modes difference, truncation
coherence of laser, jitter in each
coefficient
beamlet
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