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Design of low-order Hartmann-Shack wavefront

sensor for annular laser beam
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Abstract: Based on the fact that there were a large percentage of low-order aberrations which had large PV values
in high-energy laser beam, a Hartmann-Shack wavefront sensor for measuring first five-order Zernike aberrations
was presented and designed. The lens part of the sensor adopted a method with combination of a 6-units
micro-lens array and a convex lens, and the micro-lens array was distributed in annular. Since the lens material of
this sensor was GaF,, the designed sensor could be applied to the low-order aberrations measurement of visible
and infrared laser beam. This method had the advantages of low cost, simple structure and large detection range,
which was suitable for the measurement of large PV-value low-order aberrations of the annular laser beam.
Afterwards, a measurement system for the low-order Hartmann-Shack wavefront sensor had been set up, and
the results show that the measuring range was +81 (4=3.39 pum) and the accuracy was less than /10 (1=3.39 um).

Key words: H-S wavefront sensor;  low-order aberration;  high-energy laser;  wavefront aberration

ks HH#A:2020-12-03;  1&iT H#A:2021-03-16
EeWH: HE S AL R (51326010201)
YEZ B 1D K, B, TR, -+, FENFROLH AR s,

20210016-1



ISk A2

%714 www.irla.cn % 50 A
0 51 & B 22 59 o FE R SCE A R A 56 HH H, SR TR R RO,

TE 155 RE WO I AU, WO AR FHRCR Bk T1%
Y Hbr 0TS, TR B SR AT
SRR AR EL B P DIA O o 7RSO G 7= A A%
TR, A VE AR B P Bh R 2 i G R i
s, Ho i FHUAR ) e e TR SR R 5 R
AR . B A RIS IR 5 22 5 BB 251 80%
DAL, s O Gm A R i R R PR,
AR BETEFOCAR R G0 rp P | o i bl o' o) (9 IR B
1822, FEUHR I 245 SR ST R 4 4 ) 28 G 3 A 1 3k
SEHR B 1522, W] B K AR g SO AR A e R i A

AUE 30 A, I TR — AR R S N
AR & T AR, FARBIARFEEMER. Hifd
23R AR Z2 U i i, B AN T A i A SR
FRFLARP e il ZR 0 1) 0 A AL R AR R D BT
T L AG ) T8 T A SR A R Y L R ey e 2 0 i £ Uk
FREREL, b IR i AL IR ELA 25 B0, O
RE A FH 2 = AN RE TV T3 gl ik o H AR 655 1% 248
M BATE AE O BOEEHIS I T AR
000 AR A5 2 0 25 S () AR A5 2 1 sl g P e,

EL 1 R AL 2 OB A e O Bl AR
AT ORI K PV (BB & 221, T % St i v e
A I A B A A A T AR 2 G N T R ORG JE  $2
B, N T IR TR i AR AL A O O AR P T AR
FEMK PV EAKRM & 2, SCrh & T30 7 —Fpo ALK
B I R 2 U AL R . SR T X R L IR AR AR
TR % Y R G EER, RGN T AL AR 1
FCEE AR BETT, eI F5 HE T Mt 2R G i A5 S A P R Uk
FT TR, %L RS e A vt | s A I PR 3O
HUEHT A HT 5 W Zernike 1525 (XA}, Y A}, 90°4
B B AR 45RHOW, A SeHh i CaF, AR
FH T R S i AL OG22 T AR, A AN
LA ARG | ' B 45 4 TR BRL L 8IS LR A A5
ARSI T BB AR ™ I LA ST & R Oh &=
I, KK e T 2 i I B3 fo i

1 MEH SRR RS EIRER

e A 8 I I A% SRR B T BT R AR AT IR 22 A
AR A DI BEFR A AR A o MR I 2 i 1
i SR A ], R GEXS X SEFEHR 1 BORWA TR K

I 2 G0 06} A SRR A% 2 A6 TN 2 A LSRR o8, K A G
TR s 7E FE DG U, B A4k O e R
FAEANEO R A A B & R G2 BOR, X F [ 3 Rt
HRGAEE EEN ISR B R Z — R R R, R
2G0T R 2 A B AR R R TR A # 1 kHz
DA, TR 4 e AR OGRS OB R AR 22 e
XF 45 TG bR 43 BT 4B o

(1) Bz &

e BE LA OGS B O B, b TP B L Bk
T 55 R T B8 55 27 JT 32 VIR T, it Y TR
A R RO B R ST 5 T Zernike 18 22, AT
TR B IE R H R ASTF PV E 1 X 7 0] 5 4k
Y 7 1) B AR R T . PR, AR AR A2 Ok
i th G B SEBRAE B, SO IR 2R G T AR SURZE
SRR B A 2%, N UG IR FT B £ PV (AR R 25 4
FRAAE Lo WA RR 2 I % AR 22 K 1t AR 5 3L 30
BIEFHEbR A BB FR o B A0 A 02 m 0
14 JE 38 A R AT R i, S G A T LA R e
b, SEBEUR . MRS S0k [1] 108, & hefh
BOCRAE R B] HOE B  F7E 2 PV (EIAE] 20 pm
DL BRI 22, 535l T Rfe BOGE Ot F eS8
WE DN 22 4 (B A HRR ST H o @10 mm, 25 18 3 il
FHYE, 28 G0 0T 0 R 2 Ik T 7 SRR 2 1 A5 22 R 2 R 1 4
FRER R6A (4=3.39 pm), ARG EHAE R @10 mm.

(2) Q2R B

&R IRG B — 7 10 -5 PGB O 5 R A G5
T3 —J7 1, xF AR R R SE RS AR, fGE B RS 7
LREH MR Z, R 2R TIRG BE AR & o 7E [ 3 2= 40
B, BT R AL A O ER R st R 6 4 AR B 15 22
AR, ARG T 3 I AR T8 RS B AR 22 A IE T
AT AG I AR/ NSRS ), BUE S A R T8
TE I A IR A5 22 ¢ 1E 7 vR 1, I e b e TR 22
RS B R AR AR o 255 %5 18, RGN IR 2
A% SRR A A DU RS B2 (A H B5 255K A 4710 (A=3.39 pum).

(3) KA

R RE R R — 7 T S5 AALA 56, B+t
TR = AL, HEBR G (R T A4 59— S
BUG T A 00, (R R L, T, W R
1. T AR IO AR I AR R 22 22 it o R
I B, HASb R — M 02 1 B, L R 4

202100162



s Gk A2

%74

www.irla.cn

23

% 50 %

XL AR R AR AR EOR AR -
2 WS ERSSET

2.1 BEFRIEG

R I R 2 00 i A% SR ) Bl S R S, H 5 1
BB AL RO BUE b, 5 R BE R L, 54 DA B
BAHE R0 TR . Bk, il e R GG B IR
SRR I AR AR K, AR AR 2 AR AR 1 R T 2
K RGBS R AN B B A A 0 o, SR
BRI 1R o %A% s AT SE B GE i 21 AR R A0%
S E TR, LAIS 20 7853 F) R AR BLEE i 2T A8 B
(o 55 IR, A ] 4% G 0 o 2 i i A5 JE e s e
Mg F LA S DT I a0 A, SO A% I 1 7 B P 41
KB X BRI TE 43 A, W 2 7, LA I of W 4 b D
TC e FE RO Sk i DL R BRI O . R e K
TR ZE R, B B PR S LA S H it 6 Hog,
HR SR 03.3 mm,

6-unit

micro-lens array _ /\ Bi-convex lens

~

Collimated beam

RN ik RSB N e Al
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Tab.1 Transmission range of usual optical materials

Material Transmission range
UV fused silica 185 nm-2.1 pm
CaF, 180 nm-8.0 pm
Silicon 1.2-8.0 um
BaF, 0.2-11 pm

R 2 R SERBHORESH
Tab.2 Optical parameters of low-order Hartmann-

Shack sensor

Part Item Parameter
Material CaF,
Negati . Sub-aperture diameter/mm 33
egative micro-
lens array Curvature radius/mm =72.7
Center thickness/mm 3
Material CaF,
Front surface curvature radius/mm 36.2
Convex lens .
Back surface curvature radius/mm 135.7
Center thickness/mm 5
Pixel size/um 15
Camera . )
Sensor size/mm 9.6x7.7
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Fig.3 Spot distribution image on the camera
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Fig.4 Measurement system for Hartmann-Shack wavefront sensor
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Fig.5 Physical picture of low-order Hartmann-Shack
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Tab.3 Parameters of the cylindrical mirror in the measurement system
Curvature radius in the X- Curvature radius in the Y- Size in the X- Size in the Y-
Type - . s L
direction direction/mm direction/mm direction/mm
Convex cylindrical mirror +o0 —453.1 100 35
Concave cylindrical ‘o 129337 100 100

mirror
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Fig.6 Spot image acquired by the measurement system
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