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(Background on Adaptive Optics)
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(Glossary of adaptive optics terms)

N TAEFERAZ L, AL H B 1 B & NGS5 FARTE A 5T o
Bl iAo HEAT 1R

LR B RTEAN A T I TR, B, EORIE IR PER AT IE £
P ST IE AR I8 5 24T 1R .

INRAREERAFAE B R, B A ETAE R @il B, XOmpEn
BRARFATY AT B X # 5 2% H BT B O 583

. — &L ARTE (General terms on optics)
1. ¥Hf (Wavefront)

JEIR & AR AL KT TR BT, SR s AR T IR B i, PATOERIBT T
T KOG AR BRI AR I AR (016 SR I8 T 7T R 2 A 8 g T

2. UXBIMEAZ (Wavefront distortion/aberration)

FeRAEAL R R, R BT RAY (IR B3, k. AEAZE) 5|
IR BB AT AR A, HEARRTAEAE —E 2], R AT AL .

& ' 2R Gt 1 EE AR F 2 PR IED R IR AT I AR, 48 = R AR M5 R
FERIPERE .

3. Zernike £Xi (Zernike polynomials, FERLZIHN)

Zernike ZIRASE LA 1953 43R UURPIEL A2 o B2 LK « FEJe v (Frits
Zernike) 44,

Zernike ZIA e —HEZ WA, HLTH AN LA LA . 2 THE AERAH
W, RAWRAIRE L, AR, Bl (KEED R0 (A o Zernike ZWA—EHFH
R U s RS2 IR A IEAT ) CGRALTZ AR E & SO TA) ) “ B IEAS R D,
DAL b FH SRR ' R ARG o (B R, P8 v 2 T UA AR SR [ PR P 3 T 8 X 32 1E
ACH, I SRLIE Y ) B O AL R L e AN B A IR IR BT

4. Zernike B (Zernike modes)
PERT (BCE B AT AR ) AN (e T . D 7 TR X AN i, 38 FEIX A i T 2 N
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AT RN VR G, R TR TE AR T 0 R AR AT R R 2 s ) i . Xt
FAATAC A 2 YE =3 6] () B o i T “ BRI & ARG, HIREA B 1) & 0 REOR
XA 7 (8] 7] & o
Zernike 2 351 37 o 52 () il T A PR N Zernike #E3, HAT AL IERSME, i HA K
Zernike T VITHI -5 9 WL IR AT A AR TR AH T, DRORGH 4 PR AR D < ikt T R e T
B,
WK Zernike B A :
—Fr (1 TD : JE%E (Piston)
ZHr @D - KP/REMR (Tip/tilt)
=M (3T : ZEE (Defocus) « RHA/ BEAZHL (Astigmatism)
PUpy (4 D : BH/KTFEZ (Coma) « BH/RHA=ME (Trefoil)
FE HIE BG4, Zernike BERSIH LLE V2, (H AT 73 (A5 2R B S i ik ik iy WA A%
i, Lukas 83X, BB ANMER

5. MY B E¥ (Point spread function, PSF)

RGNS RS R ORI 2 B AR — mO6IE CEE BTET5 /N B, AR
BrbaR A, WS R R

XAMESROAT BT RS, #Hlg g “dhifimgs”  (Impulse response) , R4tk
ARAE (LT RGHANAN—hdi ks (Delta %, WA ELEFSHE) B, KRG HRA
RS B AN I AR ORI ¥ 2 D' 2 2R G ) 2 T e AR, T o R R IR 1
TR LR PRI AN 2R G 1A B TR ) AR

6. K5I (Atmospheric turbulence)

KA AR —FEZEshE. ERAEM R RshE . & K53
()2 B KPS/ E B R i, 3 K7 T ia s K AS # s J

KA HIAFEAERS G 75 PR R B e A8 R P AR 8 7 A — e PR A - i, oK
A SRR TS F R A AR, S EUE R AR DG RO T A A AR, A B R T
CRICUMD | @EERREE (OB E)D

38 N 2 R — RS A B IR U R G SR AR R 52, 4R TR B

7. frEHRMR (Diffraction limit)

TR BR A He — AN EARY) MR R GG, th TATH RG], AT 613 I AR A,
AR5 — AN REAR AT G . B0, —ANBRESOCERG, B TR MRE, R&aEg
R — N (Airy disk) , AR~ HRBRERSOREK. EfRERE.
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LR EERI R A Ko

= BIAEMTARIE (Terms on deformable mirrors)
8. A4 (Deformable mirror, DM)
Az B, BRI P AR TR T, A RERI]—F, ENERRRE B3R
W e, B TARE EE I, AReREESIRAL, Wrms. Mme. s,
BT B EIAE AN 5 (e IR ) B3 T~ Al A AR 33, i AR A8 & mT DUR 4
P R B RN oA igEAT SEIT IR Y, AT B G A AT B, . S ZEAR RS
(Piston Corrector) . JEHLAETE4 (Piezo—electric DM) MUK HAEE4 (Bimorph DM).
A (Voice Coil DM) 25245,

9. ITH (Actuator)

FH A AR T A B 181 7 A2 T AR B LA Bl

fltn, AR AR (MMDMD K F H AR il R S (S g T = AR A, R ML AR TR B (PDMD
KA AR TR A, SR AR TE4E (Bimorph DM R HIXUE M G T AL 4% .

10. THLREIEZ T4 (MMDM)
AR I —Fh, TR 4:44 Micro—machined Membrane Deformable Mirror, f&#&R MMDM.

BT, IR A A R S (AR B T AR A, TEBIBRT IR TR

11. A4 (PDMD

I RSB — R, P 4244 Piezo—electric Deformable Mirror, fiifK PDM, E
ATREMRL N B o MR AT AR HE IR, TR B AN, TR M AT, AR
TR AETEAR, AR 6 SR BT AT 5

12. T EEE (Channel)
BIAR FE B AT B3 HUEE . B0, fr 2% OKO AR A2 1 — 2 MMDM A 37 N UAT 2%, HiAx
N 3T IHIE A B .

13. BPTHRHEAREE (Stroke)

B AT AN AAT B8 B g ) HUE B GRS AT 28R 4 RF R i D), BT
PRI ROCIRAS B 4, 722 OKO 24 &1 1) PDM BT 28 e KR AR 20 8 fiek, it 2k
AT RSN, T LA AR B KR AR
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14. L% (Aperture)
BRFENE BRI EE I ERS CF TRESEm) 83 KR G TFRKTEs
) o B HEEFLAES 10 mm, 15 mm, 30 mm, 50 mm 2%,

15. #¥IEFEE (Initial flatness)
AR AR VTG T4 FEFR A AR AEAS N v s i, LR T 1 P 38 5 . o B VI A T S
YEFTH B BR T Z 0 IR (root mean square, RUS) 7R

16. HFFEE (Closed-loop flatness, Active flatness)

FE HIE NG R GEH, TR A A% S B At T Bows 22 T4 O B ThT 2B AT PR T B 2],
WAR G AR P B . #0052 TR A B T FA) T B R PR AP R

— AT TG T B FE T IE J L AR EL BT UROK, (HA T B, Hp -4 T
PLEEN L+ EEJUDGK. ZWAREL T ARG T A 5 B AR I RE

17. ¥ (Hysteresis)

THREARERMEELR, WL T AR BATEAT RS, DI RO R L IR

DA L BRAT & 0B, H T3 A7 A, AR TR BEIAT 5% A B AN UG 24 BT 22 ft n
W EE, 5P SR EA R, SEE R EAR BB

FA S AE RGP SIAAGEN:, B HERDG Y R G HITE RIS B — E S, JCHXTT
WARGRME K BN THA RGN S, BRI ARl B . 126 R G A
SO AT a0 IG5, T LAY DAAEAR R R b it Il P A BE AR R

18. LF+AFIE] (Rising time)

MR AR T B BT B 0 ] R, AR R () R, T R — B[] (il
JINZM) ARk Bm&RERE . ISR —RIE TR B AL B AR AT AR =) 10%E]
90%r 5 RIS T o

TSR] AR B E] S B R — A S B R GEAE SR T A e R R B R,
RGBRASWP M — N EESH, W5 RGBT, ST

19. F&ERE (Settling time)

S “ LIRS 3, RS I RGNS AR TR B it I ) B T4, ELRI AR 22
FasE R — XRVEE A (B0, Fe&RasE (E+/-5% T Bl D) BT (i a] o
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20. MaMATE] (Response time)
M 7 i TE) S5z B P 2 28 0 M o2 S P R e . EAS RIS & L R S, A I s T
HRHMEFR AR E R (8], 75 AR 4 E A L B AR Hr .

21. IEIEHME (First resonant frequency)

AT IR, AT 1 A B .

5 BT TA] . A AR, SRR SR AR T A i R . (BB A E R,
AR T B LR 2 3 B I ANAR 8 B T EAA, DRI AR TR B ) AR AR — S T SRR
BN, A AT S R HRMZ ] DUA R kiz B2, (HSLhRM TSR (R RGJLH
Hz, 502 BRI R, 2 S B As f ik .

22. £R1EE (Linearity)

IR R E — AR BT B AR B S o R 2 IR 2R MRS . T MMDM, L%
T 7R A B S B (RS 7 BRAE B s 6T PDM, SR It B O PR 25 L B i L iR Ass%, 3
24 i 87 2 6] A8 LA (RS IE SRR P2 A i, {ELRE PHER R 48 T DA PR SASE FRAE  ek I of

AR

23. ®MmE% (Influence function)

HOE OGRS, B ORIIR T B AT R IE & 5 HAE il B R Z A E BER R 1E
H 3 NG 5 R GEREAT R AR AL Y, — A AR T B S R, S ST A L IS S TR I
AR R FESLPRRIERS, AT LAY S ok B vt A8 T 45 10 i IR A i) BR000%, AT i AR AR
iE.

24. mE#ME (Bias operation)

PRI & e 51, MMDM (RS X R ] B AR 7 ) R AR TR AR, PEAR VT B2 TR . S T S
XU A, N e AR I — i LR (i R P ] 22 ) o 75 T YR B LA
KAE—ERILA, JELAHONRIIRIRES . Jo S i i, JERmt vl LA In) 1 [ 7 1) 2% A X
A JEAL o

= W R CRIE (Terms on wavefront sensors)
25. JERT/ERES (Wavefront sensor, WFS)

HIRI BB AT (38D B0, & HIERDE Y RG I E G W H R AL %
% Shack-Hartmann BATARIEES . DU HER AUAL SR . AT 1% AR 45
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26. Shack-Hartmann ¥ Hf%/®#% (Shack-Hartmann WFS)

Shack-Har tmann A& A E HIEROGE RGP N 2, H A5 — R H0E 5
% (Microlens array) FIFHHLHEL ) o

TOE G P A1 22 1 22 AR 4% B 21 XS S HE AN TR B 06 2 o i, HLas i 2R LT B
BRI . B —RPATRE BN BB GRS, & — MBS A OGIE R B AR
s b TR B — AN HEFI N I CBERE S o SR NSRS i BT P2 AR AR, NS B 02
BERIGETT ) R AT AN PR SR B R, AP IR RS TR B2 A B2k . BRI, R
P IHDCRERE S TEARAZ A, 5URT DATHERE NS 0 B Al A AR A

AHBL— BB T oE 5 ME ) i AE~F1H, SREUEEF DG EUR, H T 5 St S o4
UUSE S

27. WiEEMS| (Microlens array)
€ XL “Shack-Hartmann 3 HIAE SRS 7 o RUEELMEY — A IECHEY] . NIATEHEY %
e BEEBFES H i AMUH T BERDE, AT HERG . &7 g S,

28. WUEEERIEE (Pitch)
AR B P D RIIE R, —RERCK. Z2KEX.

29. RFEHE (Sampling frequency)

FEHENDGERGET, —BARRESMEICREE (WDtss. BTAE) , JFLAOA iR YE
THE T — N2 EEHE T B, SRR — R & B R HT % . X5 T Shack—Har tmann
PERTARIRAR T 5, HERARIIAR — A5 A% S AL A RB I

30, ZEXHER/ AR, (Absolute mode/Reference mode)

Shack-Hartmann J5¢ B 4% B B ZE XA B NS DGARS TP A7 G I 8 0B AT o AT
R AR IR AT I HE, B E GO AR o SEBRINEERS, PPy REAER, BEEEARYE
ARAF I TIOE Ba B 51 6T EUR T 515 BN G AR A 4 o8 B i, 75 2 Bt AR R AT o B0 H NS
TGP o

Shack—Hartmann ¥ Jil % BE&% BRI IS OGS T35 — RS 6 AR AR XS 3
AIARAL BB 220 . I —EHE NSO, sk BB B R DG PR AR bR, IHE
AR BB AT TH R S5 A bR 5 B3RS O OE B R 51D B AR bR 5 228 A BR ELAL, AT
THEAFBZOU RS 25 0 o T8 B I8 AT AR AL, o 81 75 S 5 BB A R v B LR AR O Jpt i AR
[
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I' HEMNEE RS FXATE (Terms on closed-loop system)
31. I BEBEMIE¥ES (Closed-loop adaptive optics system)

K AR IR AR BOCR I PERE S H (AN AT AL« 6B eSS ), I LA A S
SRR TR IE SSRGS . B0, R BE OGS R SR M Shack-Har tmann ¥
I SRR SRR U 5 6 Tk B O TR AR, SR b S B R TR B (M S 5 S BIRT Ai we AR
RIS A -

32. LIETBEEMN ¥ E S (Wavefront—sensor-less adaptive optics system)
HHEERDGY RGEAF, TCBET H G RO RGIFR ZRPRTLIRE, TR B
PACTEA bR B (A e PR @RS A HI, 136138 A AL
TCWHT A0 ARG RIFE N H AR E B, BRI\ EZIENA GERARIE, KIbE
BN, — PR T e e e DL o 0 e A ) S

33. MW RGRIFMZE (Closed-loop refresh frequency)

TEIA H NG RS, RS0 HRETIEE — AER T - I AT A% IR B B R T 4
ML BT o Pl SR A B OR R . AT ) eV LA

BEAE DL S ARALI R R, BUETRZRIE B R 2% . T 22Kl ok 2, K
WGBTS RS PURE A B ] US B E AR 22 T2 (FEASGR A RITEIL ) o 648
FESR BT TR, Hol AR AT DMEAS E R . AR B K 2 I8 2 AR SE L AR 470
BT, ZRILIRMF RG], HBTRIHAR R 2 A MG ER . FOERERES . 8. 22
B =F IR, AREAHHJFEH, RS8R A — RO =38 e /R

34, RGMHFHR (Closed-loop bandwidth)

TESEPRRL A, 6T B & R R G IR 58 AN A 52 S

— i SR IR R G0 5 S5 F T RGBT, RETEHHIRES &
KRIE A2 500 Hz, WA RS AR 58 500 Hz.

WA TE SN, EE RIS FR G0 R PR 56 2 18 22 A% 1 Ji Y5 T Wi 2 Bk 25 T 308 B ) W
AR (RPARAZIEWGAS) f) BO%FITA LS, AR A3 dB A o. B, 3HER RS A
#9500 Hz, {HALBERSIEAMAS 10 Hz S LA ik i s A8 Th 38 B R 4 (A 1) 50%, L% &
BRI 5809 10 Hzo

BEAh, PR B B B RO IETT B . PR IETT 9, DR F5 ZE4T X AN [l 3 e kAT A
PR3 HT o
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. BEMGERFRT

Design of an Adaptive Optical System

J&: Flexible Optical B.V., The Netherlands (OKO Tech)
FIPE: RENEAEE, 162 5716 7514 , info@inspiroptics. com

1. MfrtEE

The optical scheme of a phase—conjugated AO system should satisfy

the following conditions

FAAEFEHE N B IE RS (A0) R GERH 2 AT 414 :

1. The optics should re—image the plane of the mirror to the plane of the Hartmann
mask (or microlens array) with proper scaling. An example of such an optical

conjugation scheme is shown in Figure 1.

G5 B G UATE 4 1 HE A1 K B Sy B 1 T BT AR B e ke R AR (BRGEBRRES1) 1T
7o IXAOEFILPT RAR I 1 R .

2. In a similar way, optical conjugation should be provided between the DM and

the source of aberrations.

HKfohst, AL (DM) AR 2 2 18] N AZ R IR -

3. In a similar way, optical conjugation should be provided between the system

pupil, and the tip—tilt corrector, if any.
FlHh, RGEMANBEABIRMEIES (WA Z (8 NiZe A 5 .

In general, phase—conjugated AO contains three planes conjugated to the pupil:
the DM, the WF sensor and the tip—tilt corrector. Each conjugation requires a
telescope, and each telescope introduces additional static aberration and

scattering.

— ROk, FAIEHEN A0 RGO E =S NBISER T, B DM, ST (WF) f%
SRR AMBURMZ I3 o RN IEHUI 2 18] #0F5 E— N BT FOLEE, BB GO S 5 AN B
S SR Z AU -

18



f.

L2e—L

f2

fi

uc::Hi

Reference
Laser 0 0 I] (normally blocked)
L

— Y

Object

5] 1. A Shack-Hartmann 5 i & MK SO 22 PR . CL RonHEE S L,
AL, A EREE 308 €80 £, 3B 5E; WES S A% et -

Typical measurement scheme for testing of reflective optics with Shack-Hartmann
wavefront sensor. Here CL is a collimator; L1 and L2 are lenses with focal distances

f1 and f2, respectively; WFS is the wavefront sensor.

To reduce the number of conjugated planes, O0KO fabricates MMDM15-17-tip—

Tilt—special deformable mirror mounted on a tip—tilt stage.
NI A0 RGP A BE, OKO A Rl il 7 —Flok A B B e eI &
L AR B —MMDML5-17, X2 —F iR H AR5

An important remark should be done regarding the use of micromachined membrane
deformable mirrors (MMDM). As the membrane can only be pulled by electrostatic forces
but cannot be pushed, it should be biased to provide deformation in both directions.
It means that one will get much better results when optimizing the mirror with respect
to a sphere, than when optimizing it with respect to a flat surface. This sphere
should be taken into account when the mirror is incorporated into the optical setup.
The optimum radius of the bias curvature can be evaluated assuming the mirror flexure
to be in the middle of the range

FEASE SO LB M85 T % (MMDM) B 75 293 & el T i A g ad
DA M AEFE JOG I, SO B H % (bias) (5 A 3R THIBAS, 4

R s AN Re S,
REFERR LI FRAG AL P
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AT ) AR o Wl Ul BR T A 46 T 2277 A2 L P AT 46 TR BE 4 AR IEOR » A2 BETHA
FEEOCEEI, NAZ 5 8 1) MMDM WA R o AB5E MMDM 5 11 25 i 2 713 v fe) (8 U mT B 55
HH R A 1l L R A

Imaging ; Reference
Control PC CCD system _

e

Hartmann : \/ B
| eam
mask Deformable : > splitter
mirror

B 2. MBI HENCERE TR
Scheme of typical adaptive optics setup.

The typical setup for functional feedback loop is shown in the Figure 2. A
high—quality flat or spherical mirror can be used as a reference. A concave spherical
mirror is preferable for the use with MMDM due to its biased operation, and a flat

mirror for PDM systems.

SRR B Rl B A P 2 s AT BUR — AN B P I B s R T B A oA 2 B . X T
MVIDM, 0 36 FH TUT T BR B2 A 9225 1H (5 7& MMDM F) (i )« 0 T IS FAZ T 6% (PDM), —fi
PRSI ANS I .

2. FrontSurfer in the A0 mode (fH FrontSurfer #f4i#4T A0 FHFFRLIE)

Closed—loop correction mode is implemented in the version of “FrontSurfer”

for deformable mirrors.

KH “FrontSurfer” #AFEHIATEE:, WSEHL A0 RA NI AR IE .

Before starting closed—loop correction with a deformable mirror (DM), the mirror
should be properly configured. “FrontSurfer” supports standard OKO’ s ISA, PCI,
USB and ethernet interface modules for deformable mirrors. Configuration files can
be supplied for standard OKO’ s DM types. It is possible to integrate “FrontSurfer”
with a non-OKO DM interface by developing a custom plugin according to our

specification.

20



FEASH DM BEAT PR IEZ 1T, AR IEFAEC S DM AHOGS . “FrontSurfer” K
PESCRF FRRUER) OKO (1) ISAL PCI. USB FIRAK 4% M2 DM OKO ) DM — M35 B 7= it
PROEACE SO . BEAMBIE ARG, P R DAF & — A E E U@, K “FrontSurfer”
4k OKO 17 DM #E47 4 peda il o

2.1 Calibration of the A0 (A0 BRZG&IHE)
After the mirror is coupled with the wavefront sensor, it should be calibrated.

R GG WA RS SR, FEAThE (RHE) .

The calibration consists in the measurement of all Shack-Hartmann sensor
responses (displacements of spots) corresponding to the actions of the actuators.
These responses form the influence matrix of the mirror; we shall denote it as A.

Calibration should be performed after any change in the optical setup.

ERAEL RS, FTIES DM EAESh 8 H s EAXS N Shack-Hartmann 5 5 4% 828
e 5 (R BT s AL %) o IX e S RA) RY DM P2 AE R, RO RN A A 2R E R
AR LG, BB AT

Before calibration, one needs to make sure that:
1. The DM is optically conjugated to the WF sensor;
2. The pupil of the system is optically conjugated to the DM.

BHERT, 75 BRI
1. DM 5 WFS S 2 dtig,
. ZARGHIGEANE S DM G2,

The first condition is extremely important for the stability of the feedback.
Bad alignment of conjugated planes causes geometrical distortions and movement of
the beam on the WF sensor, resulting in an unstable behavior of the AO system. The
second condition is important, as it defines the final quality of the AO correction.
Conjugation between the DM and the WF sensor can be checked by introducing tilts
in the mirror plane. These tilts should not cause any movement of the beam in the
sensor input. In the HS response one should observe only movement of spots. If the
conjugation is correct, no new spots, caused by the beam movement on the sensor input,
should appear with the DM tilts

A (DM 5 WE HRHE) XA OB R GRS E VAR FL B 2 LA I EA R 2

FEOWE ARG U AR S, I A0 REAAFE . B A% O 5 AL &
REE, FONEHRE T A0 KRIEM R& . DM A WF £ 88 2 [A) (1 2L 50 nf DUIE I 76 55 T
G NBURORAS & o IXEE RN 51 SR B s A S C R IR A2 3. X+ HS AR,
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RSP IR WIRILHEIEA, DM BRI, B AS 2 I DR A% ke i N\ i it R 2l i
SHERHCR .

After the pupil images are aligned and conjugated, the reference spot pattern,
corresponding to the ideal performance of the AO system, should be obtained. The
method of obtaining such an image depends on the AO system structure. Usually it
is registered by injecting a diffraction limited reference beam into the the AO
system in such a way, that all internal aberrations of the system are accounted for
in the reference image. In the Fig. 2 it is achieved by blocking the DM arm and
registering the spot pattern obtained by reflection on the reference mirror. In
practice, obtaining the reference image that takes into account all the internal
aberrations of the AO system can happen to be one of the most important and cumbersome
operations in the whole process of the A0 system alignment and calibration.

FEXT 622 N BRI AT RUEF IS G , 2 N R ESR S S H 0 %S H B RZ Y A0
RO EPERGHIAS L. 0730 5 BB T A0 RGEL . S A MR — AT AR
MR G N A0 248, HRERITANBEEROSESHE R G . £/ 2+, EIiE
4 DM 6 FFid A FEAE B SO RIS I OLBE B % . AESEBRBL A A, SRIFEL & A0 KRG T E N6
(G200 % R AT A2 A0 RSt bare 4 ek B B LRI M E 2 —

After calibration, the influence matrix A is subjected to singular value
decomposition (SVD) A = USV' [1]. The columns of the matrix U make up an orthonormal
set of the mirror deformations (modes), and the values of the diagonal matrix S
represent the gains of these modes. Discarding modes with small singular values
improves controllability of the system [2], however can lead to the accumulation
of errors that are correctable by the mirror, but excluded from the set of SVD modes.

WG, SHmERE A AT A SRE W (SVD), BN A =TUSV' [1]. %EF%E U 5 M l—
A IERZ FIBE T AR B ST AFRENE S MER R IR a5 . & 57 ar P (E B
PR m RA TN 2], HESSHIRZER R, RERZEART] M MHETRIE, H
Rl 57 78/ B A7 B T HERR A2 SVD A& 2 4

The “FrontSurfer” software allows to visualize the modes and singular values,

and to limit the number of modes employed for the WF correction.

“FrontSurfer "# A fo Vi AM AT 5B K T AL, P LABR i WE A 1 R Y s U (B2
M RGN ENE) .
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Singular values {normalized)
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v ignare modes with singular values < IEI.D1 ok |

[ ignore modes higher tan I34

Cancel |
37 active modes

B 3. 37 iHiE MMDM HETRAE .

Singular values of a 37-channel MMDM.

Experimental singular values for a 37-channel micromachined membrane deformable

mirror are given in Figure 3; first 20 SVD modes are shown in Figure 4.

37 B HINUAE AR TG (MMDM) 38 1 5246 A3 (23 S E A0 3 T s BT 20 75 (e
XA 4 s

s »,. "
» J
= (DY
Lt
- N) ‘ e N

5,

Kl 4. 37 i@ MMDM YT 20 4~ SVD AR,
First 20 SVD modes of a 37-channel MMDM.
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“FrontSurfer” perform wavefront correction in a series of iterations. If the
residual aberration ¢, at the mth iteration corresponds to the set of actuator
signals X, then the actuator signals at the next step X, will be given by

X = X, = gA7¢n,
where g is the feedback coefficient with value in the range (0..1], A~ is the
pseudo—inverse of A given by A~ = VS'U" .
“FrontSurfer” J8id — RINEARBAT R AR IE . WHRE n WOERIRREBE ¢, X

THAHETH X WTFPRHERET X B TR
Xn+1 = Xn_ gA_lq)n)
Hort g RABAEVEH 0. LTI RIRE, A 2 A7=VSTU 4 (¥ A (D51,

The target wavefront is defined as a combination of Zernike polynomials, and
can be manually controlled during the correction using arrow keys of the computer
keyboard. ” “Left” and “Right” switch between Zernike modes while “Up” and “Down”
control the amplitude of the chosen Zernike mode. Examples of Zernike aberrations
with the maximum possible amplitude for which rms error was less than X /14 (Maréchal
criterion) generated in this way by 50-mm PDM with 39 actuators are shown in Figures
5-20.

HARUEHT @ Zernike 2T BIHGFEATE X, I H o] DALEARS IEBATRE H TH AL
LT . A7 . A7 BENE Zernike BIFZ [AIUIH, B AR
HlpTik Zernike A FIPRNE. P 5-20 - T 50 mm PDM (39 ANEzh#s) LLIXFp 7 7= 1)
B RIRIEM Zernike 1522, HAmRiIRZ/NT N /14 (Maréchal FrHE) .

K 5. RGpinmAr (ANAERA: BT BT E. #ithayy . WETWED

Initial aberration of the system: reconstructed wavefront, simulated interferogram,

simulated far field, and registered interferogram.
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K6, BEmETER (NAERA: HEEET. R THE. #ithay ., WETWED

Flatten mirror: reconstructed wavefront, simulated interferogram, simulated far

field, and registered interferogram.

Phase, waves

Bl 7. PEARERIEA 7.6 pm IR (Zernike T Z[1, -1])
CNAEEAG: BEEPET. BT R, By, WETFHED
Tilt (Zernike term Z[1,-1]) of amplitude 7.6Mm generated : reconstructed

wavefront, simulated interferogram, simulated far field, and registered

interferogram.

Bl 8. FEAERIE N 2.2 pm (B 4E (Zernike I Z[2, 01D
CIEERNAG . BHEEMRT BT R, Silcdy. =T ED
Defocus (Zernike term Z[2,0]) of amplitude 2.2Mm generated: reconstructed

wavefront, simulated interferogram, simulated far field, and registered

interferogram.

K9 PEAEIRIEN=-3.2 mm BB (Zernike W Z[2, 0])
(IR EEWRT. BT R, Eilcty. e T8ED
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Defocus (Zernike term Z[2,0]) of amplitude 2.2Mm generated: reconstructed

wavefront, simulated interferogram, simulated far field, and registered

interferogram.

—ToT T 2

Bl 100 P=AEHRIEN 4.8 bm (HOE (Zernike T Z[2, 2])
(AR BEEEHT. BT R, Sy, WE T ED
Astigmatism (Zernike term Z[2,2]) of amplitude 4.8Hm generated: reconstructed

wavefront, simulated interferogram, simulated far field, and registered

interferogram.

Bl 11 PEAERIEA-5. 4 mm FIEOE (Zernike T Z[2, -2])
CNAE B BEEPHET BT R, Bflaly. WETHED
Astigmatism (Zernike term Z[2,-2]) of amplitude —5.4Mm generated: reconstructed

wavefront, simulated interferogram, simulated far field, and registered

interferogram.

K12, PAREAN L2 in EZE (Zernike W Z[3, 11D
(IWAERA: BEEWET BT R, &zl . T ED

Coma (Zernike term Z[3,1]) of amplitude 1.2Mm generated: reconstructed

wavefront, simulated interferogram, simulated far field, and registered

interferogram.
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K 13, PAREAN 1.3 wm B9E % (Zernike W Z[3, -11)
CIERNA . S\ BT8R, Sy, W8 T8 ED

Coma (Zernike term Z[3,-1]) of amplitude 1.3Mm generated: reconstructed
wavefront, simulated interferogram, simulated far field, and registered

interferogram.

202 ns

e
i 25
o m
b i
20z L

K14, PEARIEN 3.9 wm =M (Zernike i Z[3, 3])
(AR EEPET . BT E. &l s T ED

Trefoil (Zernike term Z[3, 3]) of amplitude 3. 94m generated: reconstructed wavefront,

simulated interferogram, simulated far field, and registered interferogram.

o0

00

B -

72n2»2 = 2 h 3» T

K 15, PEAERIEN 3.2 mm =M% (Zernike i Z[3, -31)
CIERNA . S\ T8 E. Sy, W8 T8 ED

Trefoil (Zernike term Z[3,-3]) of amplitude 3.9Mm generated: reconstructed

wavefront, simulated interferogram, simulated far field, and registered

interferogram.
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K16, PEAERIEN 0.7 mm [AIERZ (Zernike T Z[4,0])
CNER A EERE . HEE TR Sz, WE T ED

Spherical aberration (Zernike term Z[4, 0]) of amplitude 0.7Hm generated:
reconstructed wavefront

simulated interferogram, simulated far field, and

registered interferogram.

B 17. P#ARIEN 0.6 tm [ Zernike I 2[4, 2]
(CNAERIA: EEFH . HETHE. By, e T3 ED

Zernike term Z[4, 2] of amplitude 0.6Mm generated: reconstructed wavefront,
simulated interferogram,

simulated far field, and registered interferogram.

Phase, waves
s

& 18. FEAYENEN 0.7 v ff) Zernike IR Z[4, -2]
(IWAERNA: EERR. BT R, By, s T3 ED

Zernike term Z[4,-2] of amplitude 0.7Mm generated: reconstructed wavefront,
simulated interferogram, simulated far field, and registered interferogram.
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B 19, P=AREAN 1.9 [ Zernike T Z[4, 4]
CIERNA . S\ BT8R, Sy, W8 T8 ED

Zernike term Z[4,4] of amplitude 1.9Mm generated: reconstructed wavefront,

simulated interferogram, simulated far field, and registered interferogram.

K 20. PEAREA 1.7 tm [ Zernike T 2[4, -4]
(IWAERA: BEEWAET BT R, &l . T3 ED

Zernike term Z[4,-4] of amplitude 1.7Mm generated: reconstructed wavefront,

simulated interferogram, simulated far field, and registered interferogram.

3. Breadboard system (HHARES)

OKO Technologies supplies breadboard systems, which can be used as a basis for
building of applied adaptive optics systems. Applications include scientific
instrumentation, astronomy, ophthalmology, laser optics and optical alignment

systems.

OKO A WAL ELAT A0 355, T oM P 1B RG22 B0 MOHE R . 5P sk 3
BRI, R0, IRBL MOGIRIE A R G5

Our system includes the following components:

* Deformable mirror (MMDM with up to 79 channels or PDM with up to 109 channels) ;

* PC interface for the deformable mirror (40-channel USB or Ethernet driver
modules) ;

* High-voltage amplifier units for the deformable mirror;

* “FrontSurfer” WF sensor with AO loop enabled;

* All necessary cables and documentation;

e Laptop or desktop PC (optional).

OKO ) R GE e 4 A AL (B B T iR ¥ 2 ) EORE D -
« WIREE (B 79 ANMEIE M MMDM Bif % 109 ANiEIE ) PDMD
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A TEBEI PC 211 (40 J8IE USB B LLK M IRBNEH)
P T A2 T8 B ) v B R #5575

* Ja A0 B TRERT “FrontSurfer” i A f& /K a%;

o T R LA ST

s EilAHME G ERK (A% .

OKO Technologies also offers a complete closed-loop adaptive optical system
(A0S), which includes all necessary optical and mechanical components (see Figure
21). It can be used for realtime correction of optical aberrations and generation
of precision wavefronts. The speed of control depends on the camera and computer;
up to 500 frames per second is achieved with inexpensive IDS uEye camera with USB3

interface and a laptop computer.

OKO B4R 4 5 BE (1) FHI3E HIE NG E R G (A0S) , 4G T A 2= MU A (L
B 21) o BT H TG SAAR 22 A SRS IEATRE B I8 T AR 7 A2 o 2 ) 00 T3 P58 R R AR ALY L f
i At USB3 4% U BRAY IDS uEye MANLANZEICA FL, W] LA EIREAD 500 M .

B 21, 5e#EHY 37 83 PDM FHIE [ IE ML RS

Complete adaptive optical system with a 37-channel PDM.

References
[1] L. Baker. C tools for scientists and engineers. McGraw-Hill, 1989.

[2] C. Paterson, I. Munro, and C. Dainty. “A low cost adaptive optics system using
a membrane mirror” . In: Optics Express 6 (2000), pp. 175-185

30



Fi. WA FE
Optical Shop Testing Set—ups
J3Z: Flexible Optical B.V., The Netherlands (0KO Tech)

BIPE: RBNFEELY, 152 5716 7514 , info@inspiroptics. com

Optical setup for testing of optical components with the Shack—Hartmann

wavefront sensor should satisfy the following conditions:

A Shack-Har tmann I i 1 IR A TR IR ' 22 BN A2 1 91 2 AF

The relay optics should re—image the plane of the object to the plane of the

Hartmann mask (lenslet array).

ZIRI D R GURCR YT T R RIS R 2 AT I GEBIESD

The scheme should scale the beam is such a way that the image of the scaled object

(wavefront) is densely filled with Hartmann sub—apertures

PO RGN AROCH, LB 5 GBRTD MEBTEH R 2 7Lz,

The optics should allow for calibration. In the general case, it consists of
separate measurement of the complete setup aberration with ideal object or a source

of ideal wavefront, replacing the one to be tested.
ZOEEE RGOV RAE . B AE DL, At S21Zn] LA FH 3 AR 4 0 s 20 AR D% U S i
BARENGE, REHINERNEZE.

N I RS = AR R R 5
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1. Testing of transmission optics GEHIEEEEMNR)

Object

Laser oCL() u ( 4_»!:) WFS

K 1. Shark-Hartmann 3 {iff& 8250012007 B G 22 244 i) R0 & 75 2=
(CL: YEERS; L1 A L2: RN £1 A1 £2 f)iE4E,; WES: KAL)

Typical measurement scheme for testing of transparent optics with Shack— Hartmann
wavefront sensor. Here CL is a collimator; L1 and L2 are lenses with focal distances

f, and f,, respectively; WFS is the wavefront sensor.

A typical optical optics setup for measurement of transparent optics with
Shack-Hartmann wavefront sensor is shown on Figure 1. The object under test should
be placed in a collimated laser beam. A telescopic system consisting of two lenses, L1
and L2, is used to re-image the aperture of the object to the microlens array(or
Hartmann mask)of the wavefront sensor. The system should scale the area to be
measured to the aperture size of the wavefront sensor;the scaling factor is equal

tof1/f2, where fand f, are focal distances of the lenses L1 and L2, respectively.
F Shark—Hartmann 3 Fif % & 250 237 B G2 88 R R L BD 3 B an i 1 s fill &

YR N BT HE EOEH R i L1 AT L2 PN I8 4 2H R S Bt R 48 B W A 1K) FLA% 28T B
1 B AT AR RS OB B P (B B R o RGN 4 I A% 2SI FLAR KNG iR
FEN X 35k, ZETARBEE T £1/02, Hp £1 80 £2 435025 % L1 A1 L2 [ EERE .

Although ”FrontSurfer” 1isable to perform “absolute” wavefront measurement
without any reference pattern, it is advisable to switch to the reference mode. It
allows to get rid of aberrations of the relay optics, which are always present due
to imperfection of the components and misalignment in the system. Reference pattern

can be measured with the object removed from the setup.

R “FrontSurfer” FAFREARIEBA AT SH BRI O N T “4a%” Saril &,
(R WD) R 25 1o el RATH BR B T o (10 R AT % R 56 RO 1 1 3 0 0 52 &%
Gifg 7. ENESHEGR, SR MCEE R
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2. Testing of reflective optics (&Y E4MIR)

A typical optics setup for measurement of reflective optics is shown on Figure
2. To facilitate calibration, it is convenient to build it in a similar way to the
Twyman—Green interferometer, where a beam splitter divides the incoming beam in two
branches. The object is placed the in first branch behind the beam splitter, and
the reference (normally a high—quality flat or spherical mirror) in the second one.
The beams reflected from the object and reference are them directed to the wavefront
sensor. A telescopic system similar to the one from the previous scheme (Figure 1)
is used to provide conjugation between the object and WFS with proper scaling. One
of the branches should always be block—-the first branch for measurement of the

reference pattern, and the second one for testing of the object.

RAOCZEME AR EBWME 2 Fron. 87T RHME, T U @R
Twyman-Green X IGEE, A GRS PR35 MB35
S — D3, 2R GEF R & 5 11 T B BRI 80D OB AESE — A 3. W)
PR Z MM SR R RN B AR s b o il — R T B =A% (B D i g
RGR LI WES Z [E 35T, LLAGE B4R 56— D S TR S HRC, 5
A SR TR AR IR R

%)
L
=
| N
f2
L2e——}
f2
fi
L1O}
1 Reference
T |
ol I (normally blocked)
[ e
Object

Kl 2. FIH Shack-Hartmann J% Fi A& B8 MR S S E 28 MR T % ((FF5 20K D
Typical measurement scheme for testing of reflective optics with Shack—Hartmann

wavefront sensor. See Figure 1 for notations.
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3. Testing of micro lenses (FEEEMR)

E hartmann
| mask
- | imaging 1
array lens I
collimated !
beam ( :
,,,,,,,,,,,,,,, e NN MR -
1
stop 1
1/A+1/B=1/F :

A | B
-
K 3. H Shack—Hartmann % A% 8 g RO B 100 & 5 %

Measurement scheme for testing of a microlens with Shack—Hartmann wavefront sensor.

An example of a relay system designed to measure the aberrations of a microlens
for fiber coupling applications is shown in Figure 3. In this case the microlens
has a small diameter (1 mm) compared to the Hartmann mask aperture (4 mm). A telescope
formed by the microlens itself and the imaging lens is used to couple the microlens
aperture to the sensor mask.The Hartmann mask is co—incident with the microlens
image.

Kl 3 & — M RGN, ZRGH TN ECAHEE NP ROE SR G 2 XM
BN, SRREEMEILAE Ao M, MEEENERED (Am) o BRIESA S G
LTIV R B B FH T B B LR A B BRI B A S B S TUE B B 4 T H)
g,ﬁ‘_‘l‘ﬁo

Calibration of the setup consists of two steps:
AR AP IR

1. Obtaining of an ideal reference.

PAFEAE R AT S % .

2. Calibration of the imaging microlens.

R E B -

In the first step we ensure that the aberration of the illuminating beam is
negligible over the aperture of the microlens. In the simplest case this can be
achieved by illumination of the microlens with slightly divergent wavefront produced
by a remote pinhole source. If there are no optical components between the pinhole

and tested microlens, we can be sure the illumination wavefront is close to ideal.

FEEE— D h, BATHAORAEZE S 10 ' Pl IR DG SR A5 22 7T CLZZE AN T o 7 B ] B AR 1
BT, X7 DA I Yz R FLIS ™ A= A SR B R i IR B R R SE B SR AL S 400
OB B 1B B e oo, Wa] DA E B R e 2R AR
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In the second step, we place another pinhole in the focus of the microlens. By
doing that we eliminate all aberration of the setup, except for the aberrations
introduced by the imaging lens, to be able to measure the aberration of the relay
optics only.

FEEE =, BAERGE B A i BT 5 — T fL e SRR T DAVH B AR B iR 22 2 A1
PTG %, LMERE AN ER Dot Gz

In the last step, we remove the pinhole and measure the total aberration. To
obtain the aberration of the microlens, the aberration of the imaging setup measured

at step 2 should be extracted from the measurement result
Ba, BATEBRELFNESGZE. N T RBMERNGZE, PN EZ R e
BB MER G REENRZE.

In this example we have used slightly divergent wavefront instead of collimated.
This does not introduce any significant problem if the radius of curvature of
wavefront is much larger than the focal length of the microlens under test. If the
lens has focal length of 4mm and point source is placed at 1m from the lens, spherical
aberration introduced by “wrong” illumination is negligible. Nevertheless, it is

always advisable to check expected aberrations using ray—tracing code.

FERAN A, BATEFT 5 W Bl B3P J8¢ A 110 AN S 4 EL PRI o A SR AT ) 3 2 A
KT BMHGE G SRR, WA MBI . MAEBAEEEY 4 mn, JF H ROGUERE
Bi 1K, Mo “HiR” B SHERERZE T LZIE AT Tk, AT @ HDEL
PREZACHS AT IR AR Z
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4. Optical conjugation Jt*¥:3L%E

The input pupil of the WF sensor should be optically conjugated with the pupil
of the optical system. Conjugated is achieved by placing the sensor input in the
image of the pupil. If the sensor is positioned outsider of the pupil image, any
aberrations in the pupil will cause geometrical beam distortions in the sensor input,
important: wrong conjugation is the cause of numerous disappointments with WF

measurement.

IR A AR IR AR T TOL A RGN I BB AL B, SEBUR AR A A 5062 R 4
N (R 257 30 o U SRAE R TR AL IR 2 A, TN I e (AR TR 22 A e B AR SRR AN
YLD AR IS, M- RE A R B, ABEILHEARR E 2. AR R S B aT il &
S RARN .

Usually the conjugation is achieved with an afocal telescope, formed by two

positive lenses with focal lengths F1 and F2, respectively.
I LR W T e AR B i B S L, o AR Bt AN EREE 40 & FL AT F2 I IEE B4
Eﬁo

The coupling telescope reduces the transversal dimension of the light beam by
a factor (F1/F2), and magnifies all ray angles with the same factor, thus preserving
the geometrical of aberration A . For the input aberration represented by a parabola
A(a)=a’/2R where a is the radial coordinate and R is the radius of curvature, the
F number FN is defined as R/A, where A is the semi—-diameter of the input pupil.
Expressing the F number in terms of aberration amplitude, we obtain FN=A/(2A). If
the aperture is reduced M times by the coupling telescope, the F number of the beam

is also reduced M times

MG BEIE SR BB A RSP N — AR (FL/F2) G BRI R 7O B A 46
P, IWTTERFHE Z D LATIRIEA. X T LA (a) =2’/ 2R ZORBIAN G 2, H a 242
[AIARFR, RAEHIAAR, F N E SO R/, Horp A REIOLI 4R . HEERIERR F
H, 1FEIFN=A/ (2A) o QR R GLAEALAR I MAE, SEHT F Eth s Mo

Scaling of the F number imposes serious practical restrictions on the range of
optical powers that can be controlled by the sensor. The practically acceptable range
of F numbers is always limited by the complexity and aberrations of the telescope
optics While F numbers in the range between infinity and 10 are easily achievable
with single lenses and achromatic doublets, the range between 10 and 3 calls for
a somewhat mere complicated optics and, finally, the range between 3 and 1 can be

very expensive and also very difficult to correct for intrinsic aberrations

F S50 28 FBOR AT P A I a2 R AR DL Th RV B o 17 7™ S (R SEBRBR 1 o SBT3 10 F 4
VO LR 2 B B D0 RGN B AVERR ZE RO IR ] o EARAE ] LB B AT B ZE BB B AR
G343 53 R E] 10 Z (A K FAE, 15 10 3 3 Z [A] )7 FI 75 3 SR HDL - R 48 &Ja, 3 3|

36



1 Z A E B ] R AR # &5 5%, 10 HARMERZIE [ A B %=

It follows from Fig. 4 that the F number of the wavefront at the telescope input
should be considerably smaller than (FN/M) where FN is the F number of any of two
lenses forming the coupling telescope—assuming that both components of the telescope
have equal F number — and M is the telescope magnification. Finally, both the
wavefront curvature and the wavefront tilts should not exceed the specifications

of the sensor at the input pupil of the sensor.

ME A TTAE H, BIm g AN AC BT F BN RN T (ENAD b NG AR &
HImGE M ER MEE —ER R F 8 (RIREE G EE R A SR FH0 . M2
ST BORAE R Fem, AEARIERAS RIS A CRE AL , I8 AIT i = AR5 A R4 0 A L L A k2
IR -

Incoming
wavefront WE
L sensor

L

F, F, F, F,

Incoming WE
wavefront

sensot

pupil

R
-
F, F, ol| F, F,

[ \

2
4. FRITAEITE T W AT (R L R IRAME CF) o Kk 8 1=,
Scaling of the WF in an afocal telescope with zero WF curvature (top), and compensation

F2
for a non-zero curvature (bottom).Here & 1%‘
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4.1 Compensation of the curvature BHZFRAME

To secure the maximum measurement range for higher—-order aberrations, the input
of wavefront sensor have zero spherical term. To compensate for the sphericity of
incoming wavefront, a calibrated spherical or parabolic phase shift could be added
to the wavefront at the input of the telescope. This can be achieved by using a pinhole

as a source of diverging in the diffraction angle 1/FN.To satisfy this condition,
d, should satisfy to d,-FN¥2.44 A,

N T ARAE R R 22 B ORI R VS L, DA% RS I ROZ B T BRI, N 7 AMEA
SSPIRCHT A BRI L, AT DAAE B2 85 14 B A\ i o 98¢ TN — AN B 4 Y B T BRI 26 A A%« X AT DA
RLAE AT FLVE DA HIORR T ISR SE B . AT FLEAR d, N AERT S M 9 1/PN BRI . N

TR KA, d, ROZIH 2 d,-FN#2. 44 N

Also, the WF curvature in the input pupil of the sensor can be compensated by
changing the distance between the lenses of the telescope, preserving the position
of the input pupil in the front focus of the first lens, and keeping the point of
ray convergence in the front focus of the second lens. Under these conditions, the
shift of the first lens is given by 6 IZF%/R. It is easy to see that such a
compensation does not change the pupil magnification (F,/F,), however it can result

in additional (spherical) aberration introduced into the wavefront.

BEAL, AR IR R N DGR FH PR W by 3 T DAH e o3 Bt 5 R 45 2 1] ) B R b2

TEXECAMTR, SE—AERIOME 8 1=F{/R 4. RESE L, EHMEA BB
JBORE (FL/F2) , (EREXSPEEAMG (BRI BRZ 5INPT

The easiest practical way to achieve such a compensation consists the wavefront
sensor, together with the second lens of the telescope, on a moving stage with
movement range of at least (* F%/Rmin), where R,;, is the shortest expected radius
of curvature of the input WF. In the case, to accommodate for the possible range
of the input wavefront curvatures, he physical diameter of the first lens should
be increased by at least ( R, +F)/(R,.) .

SIS et 1) g 7 S IR 7 V2 R R R AT A IR A SR I B N B AN AR — i e e A
i ER TR E N (2 F2 /Ry IR BI G, i Ry RN WF )5 JE U i 2212
TERXFE O R, 7 I8 N N DA IR T REVE S — BB ) B AR N & D 1
( Rmin+F1)/( Rmin) .
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4.2 Thermal stability consideration HRXIHFREHEKHEE

Some camera models, particularly those with higher maximum frame rate are known
to product appreciable amount of heat. Due to thermal expansion the size of the image
sensor changes with the temperature increase. Thus, pixel pitch either nominal or
measured during calibration might not be accurate anymore. To illustrate the Fig.
5 (top) shows typical aberration introduced by thermal expansion after changing the
temperature of CMV4000 imaging chip from 30°C to 50°C. As can be predicted main
aberration type is defocus, it is measured about one order of magnitude higher than
others. The measured error of radius of curvature relates linearly to the temperature
of wavefront measurements, especially in absolute mode the is advised to keep the

temperature of the camera as constant as possible.

FEEEAANL, FEAl R S AL, £ TR 2 A KRN NE . FEBERGERT 2
H T A K B UL ) T v T AR A o TR, T 10 s e T 1) 00 2 4048 3 1) B T AN FE T
N T VIR, B5 (D) SR T8 CMV4000 SAGE B IR 30 CEltE 50 CJe,
PIEZAK SR R SRR 22 . FTDAT, 2 B 22 R A0 B Ak, MR L Al AR 22 vy i) — MR
Do RPN EIRESEE ZEMERR, WA S CF) Frox. Jy 1 ik B5EaT & i f 4
FEREANTT G, Fpnl e BT, BUUH R AT RERRFAIHLA IR LA €
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Peak-to-valley = 0.042 waves
RMS = 0.008 waves
Wavelength = 1.000 mic
Optical power = 0.003 D

Phase, waves
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0.9995 . L L L
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Kl 5. BEUGAL EES RIEZIET  pT I B 52 . B B OMOS AR AR M 30 C itz 3]
50 CTi gl Er BB N R mUU R B b A BUR AR A IR 1 AR AT AR AL
Effect of image sensor thermal expansion on wavefront measurement
Top: spurious defocus caused by increase of the CMOS sensor temperature from 30°C

to 50°C. Bottom: observed change in distance to a point source with the change of

the image sensor temperature
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1. EHEERTEE

BT Y S T R e R 1 B0 P TR P AT 5
T L A, AT O Hh T B A1 F TR 4L 4 T BT 72 R RS, o S T
DAEBOIERGE . TSI . el RO

50 mm 142 37 i@iE 35 mm 4% 37 @&

R 5

o KA e mli e ZiHIE e midE e EHMLRS

ERilzE =LA

LIV 37/67/97/137 BT Hyu GEEH]EH]D

flesh a2k PZT b A M 35 mm F| 200+ mm
e B 7 RFIY e
B a1 IE + 2.5 um JBOR#§ 3dB 77 % > 5.5 kliz
B s 2T 18 3 um TAER B 400 - 1700 nm

Wa 15 % ~ 25 % R R > 95 %

R > 10 kHz TARR -15°C ~ 40°C
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2. BHIE SH R ifL as

AT R A T R4 M B R L Rk
WRTIR RO TR, Fefl) B R T #i4EAE Shack-Har tnann
SCRIAEERSE (SHOWFS) ZFU. bRer™ i M s b Fe
T HLTT R A P B 7 SR AT R 1, R 1 T LA SR
FARIRIE . GBI . AT R

WiEHE AN 65 * 65

AL PERETE -

o EHHER, KFESR 2 kilz

® HEMATINE FANL S e 512 * 512

o FRE; 1B R~ 110 um

® BTN MBS 65 * 65

® NI FbLE O Camrealink

o ERIMLMmE. AT AL EE B ST FPGA R A A B

BoR DRI W) B 25 R SN R
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3. RAMBHBRURREA RS

YR 7RI IS N R L 1SS N o ]
R BRI B RAFE A S0 377 52 s 52 21 (1K i
W PRCR . W FER T 6 2% A
FEDEEG . ARY . PEREE AU
o BAT B B .

FEE HRNSRTRERD
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kﬂm == S A = -8, >
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TAE R R
B VNEE P 920 i Wi PN R 1V
(A DIRESIE - §ev, 078 i:b U REZR i 17 -2 RPN Rl ezl 1 Py i S VNN A TS
PR, BHUSE SN SR B R R T
JiAn s e NIRRT XU .
RS WOt KAk . BERBOGEE . mIhRBOLER . Bms g .
PR FE5

SRR KMl
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B < 5 m/s (A
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F, 5 220 V
NS 500 * 500 * 1000 mm
HE 20 kg

s R 7 BRSO BSOS SE IS, W] AXTIE G T AT R R, I A R
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4. WERHBRTARY RS

KRB (LCOS) A8 e dii
[HIAER X - 1Y N i/ R = B P < 5 ]
PR EELEIBRL, NS ERIT A E
TRETE, TR SR A A
P I DL R S S MO TR,
W S AT AT R E

YR R ) RO T AL, R S Ol

LCOS L3 Aperture

L4 CMOS

+1 Diffraction Spot

L1
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pO/a roldj
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TR PR E K

F RN PEREFE PR -
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TS BHNE Hf
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o EHHITH TR R~ 7.68 % 7.68 mm
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5. BAREBREERS
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g P T 1 & A L

0KO A &] fEj4i:

2% OKO A7 (44 Flexible Optical B.V., XF{OKO Tech) fIT 1997 4£, 7EH
T N A AU B I 7 SR AR

PO F A B U A TS QIMDMD | TR FAS 8% (PDM) | Shack-Hartmann
PHTAL RS . WA W R ERR B Frontsurfer, LLKEAE I ISR LSRG,

o0

MMDM & 2 ) FORE €= i, PR LB R, HARGISLZ AT B ES, Ca ZH TR
3 WOt ARSI, PDM R T RIR R AR AL I A R RO ARG IE, R
L 15 kW s DA, &M T R ot .

7 OKO A& M3 (http://www. okotech. com/publications) 84124 T [Hpx b4l f] 0KO

WAV R KB AR SOMBE TSR, Ho™ i B A PRAR AT L — B8 !
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0KO FE = ;.

1.

MMDM - AR LA 78 3 T 456 )

® [HJBAEi, 4%: 10/15/25.4/30/40/50 mm, PATEEECE: 1/17/37/39/59/79/96,

HL KGR E: 10 um30 um ATEER C4ERRCF G, ARBEOETIER: 3 W-1 kW
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JEEIRTEA: 99%)

b) AHHL (Wi%: 20 fps-1500 fps, AIARHEFH TR fliEmn) .

Frontsurfer i iij 43 4% 1l

c¢) Shack-Hartmann JEHTIIE . BEATEA . AT 54T

d) IR E T

o) RILHRIE. SIS IS (PR EEE: 20-1500 Hz) .

oA

® Zernike Commander: Zernike Ff T A54bLAN i] ARAL 5

® Still: RIMEE FWEIGRE. HARRE. ZWER. 2GR

® BeanTuner: HOGLBE LI

® LightPipes: YoWiE4i{iH T EF (WJ7E Matlab, MathCAD ¥A¥5 NAEAD

® JemaDLL: Zemax ¥IE FHIZHAEER A, FIFE Zemax ABE T {7 F MMDM, PDM 45

® MiZer: =i OKO ZIEEL 4 Zernike XA,

PR & RO R 5t

o EEAE. AR+ IKEN AT AL A +Frontsurfer P AT

o A OEHERAREN S, WKk

® [AMALHEEF: 20 Hz-1.5 kHz C(HRRTFrigAHHLmIR) .
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L THHUBHRE AR 7 85 (MMDM)

Zhk: MMDM — R < TR A N B A kL, B B URMOIN T (MEMS) T2 ks
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X RO AR AR

a3 (R PR R B2 S

(] AR S AR BEAT
it



w

AP 1: 156 mm 42, 37 JEIE ) MWDM JE - n R AT, HEER ARSI R
N T ME 7.3 .

Parameter Value

Aperture shape approximately circular

Mirror coating Metal or Metal + dielectric

Aperture dimensions 15mm diameter

Number of electrodes 37 (19) (see Fig. 7.6)

Control voltages V. 0...150t0 300V,
dependent on the mirror

Initial RMS deviation from plane less than 0.45 pm

Main initial aberration 1.5 fringes at 630nm

Maximum deflection of the mirror center 10 um

Package dimensions see Fig. 7.7

Weight 140 g

AR T SN B 5 i B (5P~ AT i~ Eps, WTEUAEH,
AR AT AR S SO0 5 5 i W A T X 8 Al W AR EATRZ I
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HEFEP 0 2: AT P X ZIEIE. SiER, MO R, 0KO A &) #il 4
796 IE. 2 kHz. =& — VDM AR B B e s (R AW FEATR) . fEEAANE P
W2 B2 U F

EE AN
o Limih. JEEHILTIE 96 T, AR AR b AR IE 1 R R
o K. RIHIEARIRTE 2 kHz, WISELEE. BIAMALRIE;
o NMARL KB, WIEBUCEE . DAC IKEHBIER 3 NS A1k, WOKBEIK RS
SR
o Mm@ H: PRI T — ARSI S B ST BIBA T B E B R A
i
HEFHEARSHIN T ERFR:

BRIRITEAR I3 1t i K AR & 18 um

i i I 25.4 mm PN Pt 2 kiiz

¥R EAR 18 mm S J5 RMS i % ~10 nm

PAT R HE 96 w= AT

i Bt e USB2. 0 R~f 90X 90X 30 mm’
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WA AR AT TR, B PR eI B S T R (ST A T
FERIAARIRON: RN, FrA ST S8R f e, AR SR T SR R K L T o AKX
SETI BT LU AT BT 20 75 (R 0L B 5 Al i A T T, L 6 A2 1 R 2% BT IR A )
AEZT.

I PG A UAT AR TR TE I I e 78 10 T 4 S e A5 T 738 A B 3 R U8 T W
AR T R R o AR SR D B, AR TR B I 1 TR AR T LA AHA 75 FE (Poisson equation)
KA RFIHE . B T-385 Zernike MHTHN TG FLARIL A AT A FFRELR, #PAT 3520
B T LRSS A IS B A TE AR o FE Bk, — okt MMDM 4% 1 BLAR ¥ it Ay
FEREARR 1. 4-1. 64%F (RIYEH B AR MMDM 4% 1H B A2 0. 6-0. 7D

S WOt BRI RE TR E BT, SEUH AR SEIK, AT BRI R Tk
J1o T BEAR S DA OB BT AR AR, OKO AR TR B AE BT AN AR P 2 R L T
— RYE LI A AR ), Bl

® HRIMFR 1Bk E AT A EAL, SR B R D R R I R A

® AR 5 F R I A

®  [RACHIAR SR A R IABE, E T HEY
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2. EHATESE (PDM)

ZE ). PDM R ] IS lE AT S B0 M 4 i sh B i P AR TR AR o B — B B . e e
T e, BRI P LA SO R B R BT, SRR 5 T 75 B AT SR S [ E . I R R
AT ARFESIR R RS, AT DM P AR AR TR AR

Flexible faceplate

r—_ 1

e

\
\

B%;\QQQQ%igmms

AR MG RTINS, T R AN, BT AR AT, B K
IR

(i B A0 ORISR ) - — R TR BT 38 U N M) — L, S T = AR R FE 1
LA % i O TAER A, SRS E L3RRl 38 s R, SEBLIE U5 .

ZRIESE: PDM ZRPEEERCLT, (HIRAFLER (Hysteresis) , XHMRGHME KR, HE
XFHFR A0 RGEVEREFZ I AN K

FLOIFE: ER AT A A, Bk BARIKE i R IA ) B E AR, (HEREN, THAER
GEREI S5 N

. PDM B R R RCK 48 IR SN, FE ATt DAC (USB sREAKMEEI) 15 PCi&ER:. PDM AR
75 0KO (¥ FrontSurfer AR — A8 BN HIEROLY RS WREEIEOL
WETRAEATAL, PDM WA LL 5 BeamTuner M4k 12 1 B fF A 45 & BEAT 35 FEARAL

JEAR R PATBER/NEEEZ N 4.3 mm, BRPATHRERIELZEL N8 um.

R LR 5 MMDM 2848h, FESEBRIRAE,  — ks PDM ST BLAR R O R AR )
1.4-1.6 1% (RIYEREAR Y PDM 4T EAZ 1 0. 6-0. 7 1%)

ST FEVE RN F R BL T, PDM Sz AT RS 15 kW OB IhE .

APl S PDM19-30 AR T 54 46 T % A i v PR J (6 F 0 I (5 P T B 7= A= )
R TR
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BT EHE. o NEBHAT AR 300 V HEE
B TAT: WGPAT RSN 300 V HLE . FENLEE .

AT BHIE. WGHATEMEIN 300 V A, AMEIFREHAT 28000 300 V;
AT O 300 Ve FrE AT S MBENLE . O m SR BT #R D 300 V.
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EAIFZN

Aperture shape

BiTH HAR
Aperture
dimensions

BHERZ

Mirror coating

PATHREH
Number of
electrodes

AR
Actuator
capacitance

EY IR 2ENE
Actuator
voltages Vc

5ZEREYI UG
RMS i 2
Initial rms
deviation of
corrected
aberration from
reference sphere

F B W2
Main initial
aberration

wRATHE
Maximum stroke

il 2 %5 6] 2R
Actuator pitch

Hi
Weight

& HL ) EAR A (PDM) S H0nt b

PDM30-19

5
7

circular

30 mm

&g
&N HRA
Metal or Metal
+dielectric

19

5 nF

0 to 300 V

PEHT RMS<
9 nm

BRZE
Sphere

8 um@400 V

7 mm

320 g

PDM30-37 /79/109 PDM11%55-20
yiai 23
circular circular rectangular
30 mm 50 mm 10%50 mm’
&R &R- &R-
&R+ R SRR SRR
Metal or Metal Metal or Metal Metal or Metal
+dielectric +dielectric +dielectric
37 19/37/69/79/109 20
5 nF 5 nF 6 nF
0 to 300 V 0 to 400 V 0 to 400 V
PHT RMS<< PEHT RMS < PEHT RMS<
9 nm 9 nm 9 nm
Sphere Defocus Sphere
8 um@400 V
8 um@400 V 6 1um@300 V 8 um@400 V
6. 83 mm@19
4. 75 mm@69
4.3 mm 4.72 mm@79 5 mm
4.3 mm@109
370 g 650 g 300 ¢
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MMDM
156-37

MMDM
30-59/79

MMDM
40/50-79

PDM
30-19

PDM
30-37

PDM
50-37

PDM
50-79/109

9000 nm/
500 nm

12000 nm/
600 nm

18000 nm/
700 nm

8000 nm/
3500 nm

8000 nm/
2000 nm

8000 nm/
3000 nm

8000 nm/
2000 nm

OKO A&7 85 WL FH AU 7> #r

TR Ik

R

A EFLE N
0.75 m BT K
ESeS

WIEESLAEN 1.5
m B AR HOR

IEEfLAEN 1.5
m B AR HOR

WIEFIALAEA 1 m
HIm G B RCR

HIERIALAEA 2 m
HIm BB RCR

4

IEE|fLAEA 3 m

HIm BB R

o7

&g

&g

&g

i3

e

LS

e

BOBHIE

(CHPRE DL )

< 100 W,
BB

< 150 W,
Y

< 200 W,
e Y

< 1 kW,
RO AE

< 1 kW,
BB AE

< 10 kW,
AR A

< 1 kW,
R AE

< 10%

< 10%

<< 10%

< 10%



3. WKETAERER

OKO A 5] R ] Shack—Hartmann J¢ A A& A5 HEAT BRI R, FHEE Frontsurfer BfFdt
ATHERTE A AT T -

PEH A A A FEOAE: WoBE IS (B Hartmann FEREHO . AHAL.

R TN B PR B — A e OB BERE SO IRIRE. (Piteh) « AN RO SRR . B
FEEE . AAPLERR R RT . ANLRBUZ . MR ERRRE .

R 0 B — M AR AL R . R . NSRRI R e

Fi PHTEIRES (BUEGESI+AINL
i WEEBFESDERER ONUE. 1550

OKO 2> w] e (i bt FC B AR AL, thm] by FH P 5 5 AHBLEEAT 58 el it

OKO 24 m B2 — 2 47 et B AR Al Ay SR R OB B 51 AT BN AU FLAR AT 99%
HEAIRTE A AT M IR BLRAEE RDETE AR (RSN BTSN, FF B A SRR LA
MAENE . BOETARMERC B2 — Al 127 DMUEFAL I N ARSI, LY 18 2K,
[AIEE2N 300 um, “Z2%EAE C-mount H1. BEAh, A ZMIER . NATLHGEHEIE S ik,

o8



NARMERESIBARSH

Product type Material Pitch, Radius, Focal Maximum
fm mm distance, mm size
APH-GT-P1300-F5.2 StiH-53 1300 4.3 52 20x20 lenses
(633) (26x26mm)
APH-GT-P1300-F3,26 StiH-53 1300 2,74 3,26 20x20 lenses
(633) (26x26mm)
APH-Q-P1000-F36.7 Fused silica 1000 16.8 36,7 60x60 lenses
(633) (61x61mm)
APH-Q-P480-F10,91 Fused silica 480 B 109 100x100 lenses
(633) (51x51mm)
APH-Q-P250-F2 Fused silica 250 1 2 240x240 lenses
(633) (60x60mm)
APH-P(GB)-P250-F0,57 BE-7T/NOA-61 250 0,32 0,67 145x145mm
(633)
APH-P(GB)-P30-F0,042 BE-7/NOA-61 30 0,024 0,042 50x50mm

(633)
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EXHEF IR S

Product type Material Piich, Radius, Foecal Maximum
pm mm distance, mm size
APO-Q-P2200-F209 Fused silica 2200 95,52 209 30x30 lenses
(633) (T0x70mm)
APO-GB-P1500-F24.3 BE-7 1500 12,5 243 6x6 lenzes
(633) (10x10mm)
APO-GB-P1500-F39.3 BE-7 1500 204 39 6x6 lenses
(633) (10x10mm)
APO-Q-P1100-F105 Fused silica 1100 48.0 105 55x55 lenses
(633) (62x62mm)
APO-Q-P1100-F209 Fused silica 1100 95,52 209 55x55 lenses
(633) (62x62mm)
APO-Q-P1061-F158 Fused silica 1061 72,4 158 55x55 lenses
(633) (62x62mm)
APO-Q-P1000-F40 Fused silica 1000 18.0 40 60x60 lenses
(633) (61x61mm)
APO-Q-P1000-F4,64 Fused silica 1000 2,12 464 60x60 lenses
(633) (61x61mm)
APO-Q-P500-F19.7 Fused silica 500 9 19.7 100x100 lenses
(633) (50x50mm)
APO-Q-P500-F8,31 Fused silica 500 38 831 100x100 lenses
(633) (50x50mm)
APO-Q-P300-F40 Fused =ilica 300 18.0 40 200x200 lenses
(633) (61x61mm)
APO-Q-P300-F118 Fused silica 300 54 118 200x200 lenses
(633) (61x61mm)
APO-Q-P300-F2 Fused silica 300 0,94 2,0 200x200 lenses
(633) (61x61mm)
APO-Q-P384-F5.75 Fused silica 384 2627 575 5x5 lenses
(633) (2,5x2.5mm)
APO-Q-P222-F1,86 Fused silica 222 0,85 1,86 200x200 lenses
(633) (45x45mm)
APO-Q-P222-F0,93 Fused silica 222 0,43 0,93 200x200 lenses
(633) (45x45mm)
APO-Q-P192-F5.75 Fused silica 192 2627 5,75 9x9 lenses
(633) (2x2mm)
APO-Q-P192-F3.17 Fused silica 192 1,45 317 200x200 lenses
(633) (45x45mm)
APO-Q-P200-F7.0 Fused silica 200 32 7.0 300x300 lenses
(633) (61x61mm)
APO-Q-P200-F40 Fused silica 200 18,2 40 300x300 lenses
(633) (61x61mm)
APO-Q-P150-F10 Fused silica 150 4,57 10 400x400 lenses
(633) (61x61mm)
APO-Q-P150-F3.5 Fused silica 150 1.6 3.5 400x400 lenses
(633) (61x61mm)
APO-Q-P148-F1 24 Fused silica 148 0.6 1,24 400x400 lenses
(633) (61x61mm)
APO-Q-P100-F0,217 Fused silica 100 0.1 0,217 500x500 lenses
(532) (51x51mm)
APO-GT-P100-F0,143 StiH-53 100 0,12 0,143 500x500 lenses
(633) (51x51mm)
APO-P(GB)-P250-F0,57 BE-T/NOA-61 250 0,32 0,57 25x25mm
(633)
APO-P(GB)-P200-F1,25 BK-T/NOA-61 200 0,7 1,25 40x40mm
(633)
APO-P(GB)-P200-F6.4 BEK-T/NDA-61 200 3,32 6,4 25x25mm
(633)
APO-P(GB)-P300-F1,7 BE-T/NDA-61 300 0,94 1.7 25%25mm
(633)
APO-P(GB)-P300-F107 BK-T/NDA-61 300 60 107 25%25mm

(633)
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JUH TR A% RS AL S Ho

UI- i UI- UI- UI- UI- UI- |ur-3370CP-
P 1242LE- | | ocr [ 3060CP-M- [3140CP-M-| 3200SE-M-| 3240LE- | 3360CP- | NIR-GL
NIR - GL Rev.2 | GL Rev.? GL NIR-GL | NIR-GL Rev. 2
5 (a) 24 N a) b6 l
T
Wi (fps) b5 5 25 166 224 24 S eo 152 80
EHg iR 2R | 6. 784mmx 2'56"36;“;1 11. 345mm |6. 144mmx >1<41'010387-H§?n ia‘ﬂfﬂn 11. 264mm |11. 264mm X
Ol 5. 427mm Im AKT.126mm| 4.915mm in ‘m X5.984mm| 11. 264mm
%7 K 5.3pm | 5.2um | 5.86um | 4.8um | 3.45em | 5.3um | 5.5um 5.5um
% BE PR A B
winee o | 22%18 | fExiy | 8Txes | soxie | 4T3k | 22XaS | 8YXKIG | 3¥KET
(hiE g R~
300 R m)
396 374 851 320 1598 396 703 1369
B B b 40 K
.- | 45%36 | 44x35 75X 47 40% 32 94x69 | 45x36 | 75x39 75X 75
(EE R A
150 um)
F 1620 1540 3525 1280 6486 1620 2925 5625
%:‘E

LEpnTnZ=s) (a)

(b) , Heb (o) IHESEATRAME,

2. B ETERETEN . RN, THERG M, MIEmERA

(b) 3HE AMEFHEAT Wz
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s

BT 7 AR e A

W RT M A4 H1 R4t FrontSurfer A5 Shack—Hartmann 1588 EC S, i

IS5 — AT T
® ENABUICE BRI Bk, B SE
& IFERURMREY AR (IR B B RS

® 5 0KO A AR TR S S BeAH 2t G, S 2 i) A A2 AT A2

FrontSurfer HP/MRA: 1) RBEATHHET M 2) PRI 73 B+ S 2 .

I E A

3L Frontsurfer, W AZEAT 40X PRTINE (A0 M BATINE (SHH D -

D 2 BRI A R MR e, DA IOy BT, B AR S
GiFESDCTE R T SHAG BUNSHC R LR BT . SEBRE AT, R 2 S R B AT 5 N

S BRI o

2) ZHEBN: K —AOCHE LS H IR, L RN BIE S SR AR, I
ZARPR L B VBT S5 A s 15 SRS B SR T DA bR 5 2525 A b LA, AT
TR RNZICR S S R 8] AR B RT A A o DR I 75 22 5 4R A RE v 530 R AR B AT A2
&

AT e APE RE TR AR -

® JEAFEEFTLLAS] X /100 rms;

® fE CXPHERLIL” TR SER R REE

® R P % IR AR e O AT s

o HORAEPTAT I B HE A

® T LR AR ZE € N Zernike ZIIAMIAE
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File Options Processing Preview Mirror Help [ h

@) ||| | el Peaktovalley = 5 750 waves

fInterferogram is ready = RMS = 1.160 waves .
Wavelength = 0630 mic

Optical power = 1.3940

w / Measure
Profiles Help

Peak-to-valley = 5,343 waves
RMS = 1299 waves
Wawvelength = 0630 mic
Oplical power = 0.088 D

o
Hi

T iy

il neml'm
lﬂ% il i

Edit View ykEye Draw/ Measure

5 Help

BGRE (128 x 130) Frames: 22089

(_EEFR Frontsurfer BAFXHDERBATI R LR, =406, T8 E& BB ih
T o AEBE AL b5z b Y BEREAT 1A, 5 S PRI AR ) 5 REE AT, LR T AR R 1 D
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5. HENLH¥RS

— BB BIERDE S R G LA 2R ER ORI AR, ROt
RN . — AN BT IS DAL — Gl U o AR 2RI AIPA B & RO 5 R G0 AR
=% 0KO A mAEP# ) 96 IHIEH BB EOAH], E A ZMEIE. mER. ML L% T
LML, R T S = B B TT A AR U AR R A LEAR R R I8 35

KA AL 96 IEIE =& —HIRARILE, AR ORFF 2 EIE R BT 1 R, R
HARRTLE 2 kHz, RESEHLmEE. ZHAMATKIIE. 96 DMHAT SR e AR AR T =i AL,
—IRMH R E IRk E ., HE, M EEEHRESKRIE, R R EBAEGT.

s £l e e &
& rTeT—
p—
s B s
s Prae v e
)

96 JEIE MR T4 L % (vertical coma £)

=ME{% 2 (bolique trefoil, /&) RN

B A% A8 2 [/ 9T 22 OKO 23 & 27 1) Shack—Hartmann ¥ B £ /&%, 7> #F R ik 1280
X 1024, BAZ) 700 NEFEDY 10 mm B 7EHE, MRSLIAIEEDY 150 wm, IEH AR HESR 1)
zernike LUK REE] 300 By, Bl B 28 HE 403 RS R il & 7K .

S (1) PR [ 3 IS 25 R 0 405 ) — RV B R R O B IR H R, MR 3 iR
A AR, AR RIBAE TR R TRER SURX RN R IBHT, BATRMFIEZ S, R
GBI AF RGP AT L, AT SR E ST IR, R R R e,
A 43 HT 2 J T st AR AR s LT, S S L4 ) B R AR A TS IE, SRR A T 56 B (1) P 2R

. . LR )

l.l.l_%é.ll..i;
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J\. ¥EE ALPAO AF]

ALPA

H
inl
>
o

ALPAO A ] fEir:

V2 Alpao RAEL BRI K GE#IEA /KD Al Floralis KA 1R R ALK
1, R—FLETHRAEN AT MIATR . 2006 481 2008 4, ALPAO 34592 [ B 7t 36
WU B F B AR o

TR 72 i ELE T AR SO B, AT AR BT & O RGBS 1K 5L ]
R, M, SR, TGRSO BT
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https://www.highlightoptics.com/Brand/414.html

ALPAO X Ef= 5.
1. DM (AT 48

R BR B K AR T4 R SR B /N AR TR

2. DMM (AT AS AR SR 82D

3. SHWFS (B 5 -Pa e 2 0 i A A8

® T WU N AL R

® TZLANGIHT AR IR

4. @M RSB

ALPAO &R R B & — Bl —F ALPAO T 4T, — 14 ALPAO B 3¢~ K 8 Pl
PRI ACE 1A B ALPAO RTC FirA4) G 1 3 ' 2 2H 57 it I B A #48 T) AH EL S 5 A o
FATATHR AL 100 FAS[H] () LFC B 7 5

5. KA AMEEF

X TSR BRI R ALPAO B N 4R fiE 5 K ALPAO SEI Iz 55-F &5 (ALPAO RTC)

—EHT linux R4 CPUMISERHZEHE P& (RTC) , TAEW T ML 5 kHz, Mgl

FTEMRZE 21 us.
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4 (DM

ERELISE

o WILE K. AN WS R IE M B AR ZE A AT A, AR E B R =
K A AT B T F P B A AR HOAE T EE RG22 RS S. tetn, TP Al ANk
FRNEE CRIOGZERAD BRI DM 7= A2 KRR B A8 DUEAT PR Z s CR AUk
BRI BUHTRIERR AR RIEESRZE RIRENED .

+/-90 pm  +/-90 pm
O <
re—
+/-60 pm +/-60 pm +/-60 pm

S ® O

+/-40 pm +/-40pm  +/-40 pm +/-40 pm

o .‘-‘ ." " G .)
2 &’/ «»
+/-30 pm +/-30pm  +/-30pm  +/-30 pm +/-30 pm

o 7 7~ . S
% ‘g v2 " :‘
O o \ < A4
JS2 IR A T DMO7—15 w] DL H 35 e s i g i

® S TERRLF: DM AR E RS KA 400 ws CGAEIFREMEN £ 10%ERH M) , HEHR
AR N HIE NG FR G0 I R R ZE K T ORIE PR, iDL DM RER8 BUISAR R A AR IE
R

=
pos
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|
o H10%

0.8

0.6

04

Actuator motion (au)

0.2

1.5 Time {ms]'

_IE)____ e e et e
n
==

DM292 1) 4t Y B bl S
R B AR B AR T B 1+ 10%TE B X 7 < 500 Hs)

®  SUMNZMERE RARIRHE: DM LT A IRIRE (< 2%) , HAGRIFHILMEE (>
97%) A1 AR E e, 4 ALPAO ff) DM (4% il fal SR B B2, BRAR IR TR Z R /1
® A PERE KR A

o TAEHESE: -50 & 35 T*';

o CREPPEARBERE 0 HARBERR AT IR .

o AR A

o EAK RN FE

© TERIPE

© RMEHKEE< 15 A RMS {H;

o CRYPPEERBE B BIE*": 880 mJ/cm’ (@12 ns, 10 Hz, 1064 nm) / 50 W (CW@
1064 nm) ;

o PR R] RR A E]: 1011 YRS JE

o TN RIFHEREME< 10 nm RMS fE*

* DM R B SN 38R 7 AR HEAR ,  DMX 2R 5 3h 2% K FH /NG AR HEAR

* SFEITFEULW;
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s BLELBAM. R,
9k
1 AR ZER 42 (AR iR 2 e SCAS 5
2. A 7 B R B AR SCRY

TAFJEEL: ALPAO FJ DM /2 H1 F A 51 2% X 5l R 252 S 85 1T
YXE B ALPAO f DML 5 T Labview®, Mat lab®, C/C++Al Python fI# 4R E) (SDK)
FITAT AR A R A 4 5 440K Windows ® XP (32 47) , 7, 8.1, 10 (32/64 fir) FI¥FZ Linux®
(32/64 £i0) #AFERGHEA
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DM69-08

DM69-15

DM69-25

DM69-50

DM97-08

DM97-15

DM97-25

DM97-50

DM192

DM292

DM468

DM820

DM3228

DMX37

DMX61

DMX85

DMX121

DMX163

69

97

192

292

468

820

322

37

61

85

121

163

5.6

10.5

17.5

35

7.2

13.5

22.5

45

21

26.5

39

45

93

100

130

170

200

240

20.

11

16

20

24

32

64

11

13

15

25

25

25

30

60

40

40

80

60

40

40

15

15

12

12

10

30

50

50

50

50

B E
fE %
55 g
g
ﬁﬁfﬁ
e W
T
= B

40

40

30

30

40

40

30

30

10

10

10

10

25

40

40

40

40

70

¢ S 1)

25

25

25

25

25

25

25

25

10

10

10

10

25

(%0THmFabER Sw)

800

600

600

400

800

600

600

2000

2000

1600

1600

1200

400

500

500

300

700

500

500

1500

1500

1500

1500

1000

400

52X 74X 35

92X 74X 22

62X84X23

100X 120X 40

52X 74X 32

92X 74X 22

62X 84X23

100X120X40

70X110X82

70X110X82

90X 110X 124

100 X120X 120

140X 180X 180

244X 290X 78

350X380X90

*E: A ALPAO f) DM HIAFE AR IR Z AR 3%, DM R AR AR Z K2 2%, DMX R
IR FRZEN 6%. =i NIk



100 #175 LAN AR B 0 HL 742 1l 4 100 .70 PA_EAR TG ) R - P A

RIS HL 7 42 1l A

100 Fyc A A AR R 100 Bt LA A AR

LTI IR LT

16/14 £r

USB / BAKRME PCle tR+ (B ETEHLIRTERIAD

< 150 W < 500 W
110 % 250 V AC, 50 % 60 Hz

4 kg 10 kg

31.5X23.5X13.5 cm 37.1X45X17.5 cm - 4U HLZE

035 C

2m (A5 mAfl 10 m AJiE, WSERFANEZEMD

< 10 ws
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AIETH
o RAILE, WEERGY BRI AR BLA M RS E 1 R

TR Hif S
(om BT AR FREi Al i 45 FE %

=Bl 7 /2 /2 X 2 X2

® A E EEIEIIREAE DM T IR A I 3 ft B0 A ) 1k e SR I

o LABBEBLET: &, BEURAtE mBOCH BIE R B

LER

o EIEH G TSI DM RITRE . IR A B B DM AR e R R 5

o HHURE I G,

RSN A e R L R ST R AR R 5

o [IEFASH: R E M ShRME DMAHFE AR 3. Fl 7 AT 7E G % I BE B B e
BEAER M2 St 6 b, R EARE G DM;

® LED & 764 WILED, RFRURE DM —AMEZNHT. X —B& nl Bk H - i
KB ORI IR — & FIER) DM Z 0 AT I, DLIRE S DR #R A 1 F DM
Ei2R7
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2. FIARMHES RS (DMM)
A AR AR S B 0T BN LI 2445 22 B AR IR BE T o B I RN 2 1 3 3
NN — R AR 2 (ELan B SR HD , SHIEE. i,

(ALPAD ,

ERENISE

o (EAfRIE: FEAEIE N R — B s R A U T

o RALFEEWAERIE: ZILEA (Hm 100 um) , MERZED RAK2%)

o Phfirtte: &0 ORM BiHI it

FEJE AR ZE R I . DMM AT LR AR T B A e kg BE AL IR JE Se R & 22 . W B IE R G
FewRZE, BRI e AR B AT PR 7 S, R IERIEE R ZE.

Amplitude Fitting error
+ 100pm ‘ ' -, 2%
-
-
+40um N (. 2%
w7 -
- -
+25um & N ' ‘| B4
w’ -

+ 2.5um Q: 20%

DMM 81655 JE e A8 22 (Y LR J A B AN 5 R 22
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T A TR RN Bk e

=5 DMM
EHEE R 8
LA ER (mm) 13.5
EibZNaRb e i
=Yg =1 A /10
SR (RMS, nm) /
X WHTA & (PV, Hm) = 100
A f M ‘
WEIRE (%) * <3
WHTA & (PV, Hm) = 20
B /MG B ME
- BARE %) o
, AT & (PV, Hm) > 1
FRZE A —
MERE (%) * < 30
W — BRI (H2) > 120

R FERE (ms, B3FaEH

<
f1+/-10%) 10
ELMiRE (B <5
i 2 e
BfTRZE (%) < 5
FAEAEAE (mm) 50
WA R~
BAEARKEE (mm) 50

KE: RIS R R Z MK ZE SR Ez  (RMS )

R ORI 32

® ORI PEHRE

®  TLORYHIA;

® CRImMKEE < 156 A RMS i

® BULIRGIME: 880 mJ/cm’ (@ 12 ns, 10 Hz, 1064 nm) /50 W (CW @ 1064 nm);

AR R CERIA & HAt LR RO . oA AR ARAE ), & 5 5 i DMM

77 o

Dy T BRI IE S AR B — R JE e R 22 . DA, H S B HOR T A ShERZE
TR ARG U E] [ B AR —FEZE S | ALPAO (¥ DMM 1 EL A% I, A6 43 7 RBTEAR IE J5 3k 45
AEF AR B BRI o
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Pell: DMM B — MR (RDIFER R T IH RS, BARMEDURRE L (il %
HARSEPLUSB #5110 o FATFRME— I T R TR SS I ) 5L APT. B W] AR M iR i = AR
ERGE, HITHRMENEAN:. B, AT DUOE e A e Do T 0 U v SICEIGT DM ) 42 1) 60 el
52T ALPAO DMM H) BRI AT B i it, TARE Sl il R B AR BB R G

3. KHITfERRAE (SHWFS)

ALPAO B v~ Rp S AT M 12628 (SHWFS) AEME—£ N HIERDE: (A0 Fristit ik il f%
RS RIN o X RE I R ke, B85 EERDEERGAREN . RBE, K
SR AN iy L 90 B AR 8 I R SREAT LR % . A ALPAO SHWES #RfES ALPAO A2/

B5 (DM) S ALPAO 3SRz BV 558 £ R .

ALPAQ 1] L% A% B 2%

F B
o EMHIWE: TNHEIERDLERIT
® . RIEIR: REMFEH AL 28. 14 kHz FEIBRT AL 10.7 us;

® ERBUE: SNR=1 BT HURE 3 a1/ i/FHLiE.
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Quantum Effiency (%)

Cluantum Effiency (%)

[
I
I -
300 500 700 S00 Waveléllgﬁt (nm)
W, (OSH-EMCCD fast, (2SH-EMCCD,
(B)SH-CM0OS, @SH-CMOS fast [f]#L7 8 T3 %
F
100
80 M —-——-\
B0
40
20
0 >
800 1000 1200 1400 1600

1800
Wavelanght (nm)

¥

SH-InGaAs—fast (TAET 20°C) MM EFHCR

3
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7 i IE AR SRR

SH-CMOS SH-EMCCD | SH-InGaAs
SH-CMOS SH-EMCCD
fast fast fast

THAEHE 50X50  64X64 16X 16 24 X 24 64 X 64
N
FHIAERS Cum) 96. 6 112 192 192 120
~}
HALAE (mm) 4,83 7.17 3.07 4,61 7.68

FRUE R EEAT AR
119 1730 1004 2067 690
(Hz)
RTO #5F fe KRR
477 28140 1838 2067 9598
67% 50% 95% 95%s%" 80%’
{ZME Ly —
100 1000 3 4 400
B B 75
Bk e
2.1 37 0.1 0.3 40
CHL-FH RMS)
AR /5 N S
62/15 96/24 13/3 32/8 123/30
(pm PV)
HEE (nm RMS) 2 2 2 2 2
e i S R VIS VIS VIS VIS NIR

*7F: 1. SH-EMCCD fast F1 SH-InGaAs fast Xk WFS #BECA /KA RS
2. fE-45°CIE;

3. £ 20°CIE.
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FANUCREEMAR (AL Ha) 4R /2B A WES Xt AR Wb .
e AEIR IS [A] CHAAY ws) 4R IK2 R OGS5 3R BIEUHE A% f T 46 2 18] (¥ TR) G2 H el AL
AR -

WFS FfL12 SH-CMOS SH-EMCCD | SH-TnGaAs
SH-CMOS SH-EMCCD

ROI fast fast fast

477 Hz 28140 Hz 1838 Hz 2067 Hz 9590 Hz
8X8 DM69

5000 Hs 10. 7 Ms 69 Us 43 Us 23.3 Us

417 Hz 22080 Hz 1004 Hz 2067 Hz 6510 Hz
10X 10 DM97

5000 Ms 11.2 vs 68 Uus 43 s 23.1 us

317 Hz 14660 Hz 1004 Hz 2067 Hz 4760 Hz
15X 15 DM192

5000 Ms 12. 48 Hs 64.8 Hs 43 s 22.9 Us

302 Hz 13010 Hz 1004 Hz 2067 Hz 4760 Hz
16X16 DM241

5000 Ms 12.79 Hs 64.2 Hs 43 s 22.8 Us

266 Hz 10020 Hz 2067 Hz 3650 Hz
19X 19 DM292 /

5000 Ms 13.78 Hs 43 s 22.7 Us

229 Hz 8000 Hz 2067 Hz 2900 Hz
23X 23 DM468 /

5000 Ms 15.30 Hs 43 s 22.4 Us

179 Hz 5220 Hz 1970 Hz
31X 31 DM820 / /

5000 Ms 18.9 Hs 22 Us

118 H 2620 H 960 H
50 X 50 / “ ‘ / / ‘

5000 Ms 31.1 us 21 us

1730 Hz 715 Hz
63X 63 DM3228 / / /
42.2 WPs 20.2 Us

#F MR YE Fried geometry JRNIHEE .
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T HMGUAHI Y A B AR VG E CBRAL m, PV AED AN RUEB BRI (O 1E .

WFS FL FHEA ) SH-CMOS SH-EMCCD | SH-InGaAs
SH-CMOS SH-EMCCD
1% ROI DM™ fast fast fast
8X8 DM69 7/1 9/2 5/1 8/2 11/2
10X 10 DM97 10/2 12/3 6/1 11/2 15/3
15X 15 DM192 16/4 19/4 10/2 18/4 25/6
1616 DM241 17/4 21/5 13/3 19/4 27/6
19X 19 DM292 21/5 25/6 / 23/5 32/8
23X 23 DM468 26/6 31/7 / 29/7 40/10
31X31 DM820 37/9 43/10 / / 56/14
50 X 50 / 62/15 72/18 / / 92/23
63X 63 DM3228 / 91/22 / / 118/29

*E: 4. MRS Fried geometry Jif NIHf 2

WS #hdf 2

SH-CMOS SH-CMOS fast SH-EMCCD

44X 29X 29 mm 63X 63X 47 mm 156 X 156 X 204 mm
HAASHE S SH-EMCCD fast 242X 175X 76 mm,
SH-InGaAs fast 55X55X80 mm
SH-CMOS Fit % 5 K1 USB 2k, A SHWFS #FL % 5 KK Camera Link H#ik.
BAEAIDKZ) . ALPAO SHWFS ) fit £ 905 (0 455 J5 s A AL IR B 14F B 8l (SDKD o A i 7 vl
IRECA PR, DUEH NS H P 1 3 s E ST & e ALPAO SHWFS S 7E 5 ALPAO #Z05

79



e (ACE) B ALPAO SERZESFE4 (ACE fast) BCEH . IXLer= HOANE A 7E SHWFS 1)

BEEVEHN, A K.

4. HEMRGEMH
ALPAO FI&E NG R G EM - —Eh—1F ALPAO A5 48, — 14 ALPAO B 754 S Ik il
5 8% 38 A1 ACE B4 5 ALPAO RTC T A4) B ) 38 S ' 2 20 7= i, BTG R 8 o] LS & 156

FAT AT FEAGEIE 100 FhAS [ A BEAFBCE T % -

- - : I ’ -
BRI AT

o EMTHRAMNMM: RICHEE, WA, BREUR, BOWREBZEAES, ML

o EHIEMLEEN: ZHRIBE. BT LRES MBI IE 100 ZMHECETTH;
o mPEtL: WEEE AF RGBT MR SR s R
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BAE ACE S5 84 ACE & —ANH )6 R 1 MATLAB® T EL46, S5 s

o @ W

. IF-II"' ..
° T
aceDM aceWWFS aceCam

ot

1

=

O

ol
ORGFHAFEIE A RIE EFIRINMESH P TR S
@Matlab®Z il : RIGEFERER S HI P 75 R EEAT 2 il
OREFFZTE : DUMARE BT Rz H BT B, SRS TR .
PR R

® P AN HIG RO R GG A

® XPtHA AT SR E

o RIEEMBIIFACE, fHemiml LUAS] 4500z A TE

® SN KB AN R B I LA Pl 20T

o LRI/ X I BT E A T 3

o It B KHE B SCRINURB, kA IR U5

® R R DU 58 SO i T B

® HATICUHT HIENDE S

o TS, RIEIEREE,
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IBAT H O HE RO R

T SRR BRI PATA

FCUF P ST, Bl o T AR R P B EAT HE AR
R T EEF P (R/ED .

ACE 1) fIR i & 225K . 4 Gb RAM, 100 Mb fifi#% Z516], Matlab R2017a 5% L_FEARA (Matlab

AT

WHEAD .

ALPAO E&E NG EAFAT A 100 2 FPBCE DT R ATkt M aRIERGERE . B
ZNBCRESE . R TR ATADE TG WHREOVEE N5 . ALPAO [HAZTEEE DMIT-15
Pic 595 T A% JE 4% SH-CMOS A1 ACE BRIV AT A4 Bl — B R RE HH € PEAN LUAR i ) E B RO 22
EHARIESIE~60 W wiR Z MR 1. T ACE BRA I, RIEHIR: A, H T ATfEsE
Krp i S A, BREERIE LS

ALPAO #4484 E4E: DM97-15, SH-CMOS FI ACE %

JES5 ALPAO B & NG A EAFRI R o 393G — & 4F R4 (S BBACHUAE) *! &
MFAET (DM FIPHT R IEAS (WESD Z[a), Ke A DM H S (e RO 5 21 WES o, I f R
FIRHOCAILHR R AR . FP AR B0, AR ACE Py #ORE PRk 5e o't i I BE R AT

s B EE DMX R IR BRI IE DL AL .
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FESNHT DM I WES 2 [8] 1 AF &%

FH T S AR A% A R B 2248 AOS—1 (ALPAO F - S 430 A5 1 B 4 BT P 1 3 00l 2 R
G0 LG E GREBRN, JHERILRMZHMASRAS) WRIEBGHE. .

D MK RGRECE:

®  ALPAO A4 DMOT-15;

o KR, MERERAGIEAE

o NEIMIZHIHL:

® HTAL KA

o FIEPHEHL K.

2) AOS-WAI R TR 2 BRSUE £ 4, WHE:

o T Wil

o LA RfYER:

®  PALM il STORM;

o LB B
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AU R S

T AEMHR —E R A IR, DAE RRE B AR i e 1
R BERNEY RS A EHBEERDEY RS
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5. RARWMAM=EML (RTC)
X ERECONETZI R H . ALPAO REW8 4 F P $ it 5i K1) ALPAO SERTIZSH & (ALPAO
RTC) » Eie—ERT linux &4 CPUHISEHIZE T4 (RTC) , LAEW e mIA 5 kHz, 1M

AUFEIR I (A 21 wso

ALPAO RTC [RARRFEA 45 1 - RTC YK R B mndt A0 PRI BETE . FRATTER AL & B 4 1
VIR R G, RBDIEEUS 3L i At

RTC 42 45 s 2= T ACE L HAR AR 2 o 7EHE VSN, ACE E LAET 100 Z2EH
TN RGE T o A5 AUZ T QRS 3 T AR ) Matlab®IREE, ST T B0 = 1 R
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RTCH T
kg '

R g B EE I

RTCIZHIT =
ACE

I

AR

L STSO g 244,
RTC: fei TAEAE5EIA 5 kHz, ZHAEIRAFIA]ME T 66 ns;
ACE B ST AT, e B R
TAET Windows/Linux £%t, FHECE Matlab {5/

PRI AR UL LR DA

®  RTC /KM HIGHRAE: AT XA FRPA T b AN/t 5000 1R AT BB 2 s

o IABERMARRAIEEN: WREEG, PO/ REREEE, ERNETE, Fen®

W RE, BREIRHRE--

o NEANTIEBEIETSHIE: Pomfal, CCD s, BB, Tk, &%

JEA SR, TS eeene

o AR A RAEEDE: S H RO/ SHERE, HMAERE, HTARNUAME RS

B TR

RTC HBEEL TG I B S BE AL #, T B IS AE LA (1000X 600X 1160 mm', ~
150 kg, ZhAERN 4 kW, ELbpHERE) F, AB1IRHE:

o T HHIAT AR RS A (197 X1 UX400 mm) ;

® T IHATHUKEM Linux R4 % CPU IRS#E (197 X2 UX~900 mm) .
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IFIRIVERE: ZWl. PEEh AR R PP RERIRR E FEA 2 M AR KRE R . 72 T iRl
L 2 kHz ST R G LA 10 MR E Rl W ETEIRTEE S, aiEiR th+

IREGE o

RTCHE R A [EVSIETAH ] RTCHESRE 3] 75

140 " il
w |

RTC latency (us)
g B
]
count

=
3
=4

s oo
s 3
=

20

0
00:00:00 02:00:00 04:00:00 08:00:00 08:00:00 10:00:00 0 50 100 150
time (hour) RTC latency (ps)

o
i
2
']

&

Rejection gain (dB)
\\
)
AY
A
\
Y
LY
N

BB A 230 AL PROS R e
(DN97-15, SH-CMOS fastHIALPAO RT) P
3 A ! 10 o FTEJ‘-?GUI'?W(HI)
A AGRMERSEERERERS! SEFASH-EMCCD fast(DFISH-CMOS fast(2)4y BIED

AALPAO RTCFIDM292 B0 B A0 45 E

LARPERE: RIS I N FF GG ) ALPAO B ——
® R TR AL IR ZE R 5 e B A AU S
® RHEARZE Mh A DU AT D1 BOR B E P AT AR AR K A
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8X8

10X10

15X 15

16 X16

19X19

23X23

31X31

DM69

DM97

DM192

DM241

DM292

DM468

DM820

SH-CMOS fast

A

RTC ZEiR

AO PIFA EAEIR

5000 Hz
21 ps
77 Ms

5000 Hz
21 ps
86 Hs

5000 Hz
24 Ms
127 Ms

5000 Hz
24 Ms
133 Hs

5000 Hz
27 Ms
167 Hs

5000 Hz
66 Hs
253 Hs

5000 Hz
66 Ms

336 Hs

SH-EMCCD

45
RTC %E3R

AO P3RS SEIR

1838 Hz
21 ps
585 Ms
1004 Hz
21 Ms
1034 Ks
1004 Hz
24 Ms
1044 us
1004 Hz
24 Ms

1051 Ms

88

SH-EMCCD fast

U85
RTC #ER

AO P3RS AEIR

2067 Hz
21 ps
522 Ks
2067 Hz
21 ps
522 Ks
2067 Hz
24 Ms
532 Ws
2067 Hz
24 Ms
538 Hs
2067 Hz
27 Ms
548 Ks
2067 Hz
66 Hs

606 Ms

SH-InGaAs

fast

45
RTC #ER

AO P3RS SEIR

5000 Hz

21 MUs

139 Hs

5000 Hz

21 HUs

188 Ms

4760 Hz

24 WKs

254 Us

4760 Hz

24 WKs

260 Hs

3650 Hz

27 Ms

333 Ms

2900 Hz

66 MHs

461 Hs

1970 Hz

53 Ms

641 Hs



RTC 7] 1%
1) ALPAO RTC RIREATE M, LAIERIE P AR -

o RFE4LEH: HIANEML, BEMAZHLMZMAZTHLH:

® LK RERAEN:

® RN YU RIRT: AT LA T 1 Hes

o SIHEEHIME: +/-10 VARH] 14 A B, 0T B TS AV s )
2) FoAt e ] 15 H 3L A4 -

® EMFEERK;

o CRAFRRE R

® G PR ATAL AR

FHT KA AME 1 — I 5 40: ALPAO RERE N KSR MAME IR fh— B PR RE — IR & B
M RG. HRERA HRS RSO S R AN FFCE .

R RS E N

® ALPAO A5 TR4%;

®  ALPAO PRy Hi 1% 124 2%

® ALPAO RTC;

® kL

® (R

o  {HRMERAE

o HTHOLREMEET GEH RS

o UL EMMBURLG;

o RLEEAANL B AL A AR

o HUEAEEIE

Y R
o I

o EHIRE A LA RUE;
® i EDEEE;
® XKL RHOCII TAME o
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100

75 5

Strehl ratio (%)
3
-
-
)e

25 A

Magnitude

bR, ZMeRGLT RGERHRE IR EE: AER A0 (D), B LGS 1 A0 (B) , fi
RINGS [ A0 (@) , &4 D/, =8, HIERIEFE ARG HMEMAIE D292, HiE N LI

IBHF6 ACE fast I AiALEES SH-EMCCD fast.
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Jus BAA DO AF

H
inl
=
o

DYNAJ|IC
OPTICS

DO A ] f&j 4t

WA DA B ARG RS, 2B SR TFHIRRD S R G H T MR AL
() S0 TR 2 R GRS TE AN A (R BE T 20 T SRR 8 AR, LA RS R AG I R rh S T 5 1
B BB R ERATHRIE, AR DGR T MR — 2R SN RS R TEIESE
BLX S A ThAEN, T AH] Dynamic Optics 2 FRIEHT LN G1 # 4EYUR AL 8 ROE
SR 250, XA T BRI IR L T %

AT, ZA RN R AR RES . BRE . AT RIREEE) T2 H T BAE R 7.
[ERUES Ol N e ie 1 DINER: S AT
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DO FE/ .

1. HI&ER AT E S

2. BT S B

AR TV I S5 5 4 22 o v S R A e 0 R ELRE  J 5 R IS T i T R O AE SO 1
B Rz,

3. WA R

B KA Dynamic Optics $24E Shack—Hartmann 35 Fi 1% 8% 3% 75 SR A28 2 A0 5 4k 2 (1]
B 7 AP, (T EFRER AEE A E 1 kHz (8X8 L) .

4. PHOTONLOOP A4 (i 7 #fr 44t )

FHF B3 R S A AR T S S 5 1 PR A 4

5.PZT-mini #%fil8% (AXBIFEFF)

6. Pl ARE R

XK A0 RGUR T — AR AR, T Ll AE [ e PR R IE BT, XA R e PR
ARHARE . ML GO0 RG L HIES, XICREE I RGN . H A B IKE) 5 ARG %
B FL TG, S AN [R) A B RS oA R 1o

7. B KH| Dynamic Optics =& M
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1. HENZEESR

B KA Dynamic Optics $RALIN B IEMAR T IE G AE BRI A0 RGN R I8 AR,
R HE O, BA BRI R S FE2E W) B AOSAG AL 0 5 18 1 55 0F 2 8] R RE AN 1
FARSER B Uk, AR BB e e DL BRI %

HIEMN A B BREAE /N T 5 ms (WARLI [B] AXT 4 B zernike RZEMUH REFFFIE, JF
HAZMTEAGHGEEZE, WRYEHEHATEE . MERERE. OISR MA, 2%
BEHE A0 ARG L7 ik .

6
N

FIZ-5 0y AL1810 SEHL A 5 JE v 2 Wi il

TR HHE RN A IE A f AR SO R B %=

38 R B S B

i) I 10 mm (& 5/16/25 mm)
F = AR MgF2 i&)2

HiE 53 mm

e 23 mm

AL I 3 mm

piip IS 92% (G ARIRZE) /97% CH AR )
IR 2eHE 18 5%, 32
HL T 2 PZT Mini (+/-125 V)
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B ZRIERET]

AR 23.0 6.0
%k 12.0 2.5
B 9.0 2.7
=Mk 7.5 1.4
5= 4.0 0.7
g 4.6 0.7
ZHr &L 1.3 0.2

HEFEF4 0 AOL 1810, EEP=RSHNF.

eI es 10. 50 mm (B 7T $24E 5/16/25 mm)
HiE 53.00 mm
124 23.00 mm
LR Y 3 mm

11,60

10,50
12,00

M32x0.75 ¥5.5

1,30 ¥1.0

7= ] I B
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AOL 1810 FH¥H Zernike Rz il &
(10 mm FLAZBESE, KN 633 nm)

%% CRAEED 7 (PN 633 nm) B (KA 633 nm)
HE B H 11 2.5
B 8 2.7
BEEE 3.5 0.7
KFE%E 3.5 0.7

RbA =M% 7 1.3

BRI

B H R 1 0.2

ISP B4 B 1 0.2

FHm P e 4 0.7
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Transmission (%)

100

90

80

70

60

50

40 |

30

20

10

NEIDN AOL1810 EYHEE CRIRERMD

Adaptive Lens transmission spectrum

1 ] |

au

500

1000 1500 2000 2500 3000
Wavelength (nm)

081

06

04r

1 1 L 1 1

o
M

4 6 8 10
Time (ms)

9 AOLI810 FFAEMA R[] CEAAHATHS) + < 3 ms
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Waves

2. BERHE

AR T S 5 G A 2 e 9 v S S A A s 45477 AR
Je, BRIME L 20 J/cm@ns A1 5 J/cem’, FEIR(AHR
&, &M TS ZB B RESEOE R &Rz .

AT S B AS S5

i o] I 10 mm~200 mm
BwE SR HEMEL (R KT 99.99%, it e
M . i 1] (R AN AINGN
32-96
LTI Eh 8 RT 117 mm>X 80 mmX 32 mm
12V

PR Zernike K= 1 &
(18 mm A8 S 85, 1 AN K=0. 633 nm)

[

I Pty
[ RMS
[ IRes.RMSerr.

2 4 6 8 10 12 14 16 18 20 22
Zernike mode
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3. R BREEITERE
= K F] Dynamic Optic #2 fit fj Shack-
Hartmann J5¢ B 4% 8 A 72 R SR 1 A0 5 I 22 1A i
B 7R BT BT ER BE A=A R 1 kHz
(8X8 L) o

WA AR S B

Gt 522?%&??%%)

Ui 500 fps (1000 Hz)
RIS R~ 9 mmX7.13 mm

fLiz 9 mm

IXE H s 5V
HfEEN USB3. 0

Eil V3R, FEIRE AT

I iE AL TCP-TP #H47 4w A%
BIERS Windows8/10 X 64

Alpao, Adaptica, OKO, BMC, Thorlabs
and Dynamic Optics

5 HAAR T4 (5 A 1k
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P s T

10.4 @ 1080

“ .18 ._ L
1 ’L J L M2xd (29

_lUSB 3.0 micro connector

- 426 -

_| 1380 s
W335 ()
@ 2.50
5] i
i
'l
i
W12 (1)
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4.  PHOTONLOOP (¥HiZHr S#EHI84E)

A8
80 % ‘
60 %
E 40% ‘
&
=
Qo
Q0
=
aQ,
g 20%
3 |
= !
() |
0 % | |
350 400 500 600 700 800 900 1000 1100
Wavelength (nm)
B A RS BT RCR
PRI 28 £ b
BER 586E-06 m
R R4 R T 81 e—/LSB
736 e
305E+04 e
12 bit
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5. PZT mini ¥&EH|8% (WIFEF)
HFahE N2 AT BENFEE M
AT IS 5 1 e TR SR B 2%

PZTmini =428 2%
i 1 e 18/32
i 4 HL R +/-125 (0-250 V)
CERTLENES 12 V
THAE I USB2. 0
R 117 mmX 79 mmX 32 mm
A RSN P Fe %5 PHOTONLOOP %5 2 I Matlab

PZT mini R~ B
(1)

(A
S, =

79,00

32,00

(1) USB#:M  (2) LED#8/R4T  (3) JFRd%4l  (4) 12 V HJFHEk
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6. TIALES

% A0 RGERE — 3K T 2 RAE B AR B S AT DLBRE AR R BRI R b . AL T I A e e
ENHUR AR BB MRRTT 5, 1% A0 RGEAT DU AR ED T Rk . W E KB 82 [N
s ) s P T AR T T A PR P S BRAS [ 68 B RS VR R 1] o R A SR A s D e s T P S
BRI LUE B L d11 AT IR, iZE T Opto Engineering® W34 R, /&
B BRI HE TR, Al B R A0 ARG R B AbATTH 7= il SR P

L) AOL0223A AOL0223B
A Min)0 (max)+3.5 (Min)-3.5 (max)0
pliiy o] K o 23 mm
AR 100 Hz
> 90%
2% HiHEE 24 V
25 5 5

RJ45, 12-pin Hirose
AR, RS232, B, HpistlsE
M30.5X0.5

AZH.

116 X63X26. 7 mm

ﬂ
ol
e
AR
o

CBGPT0001, CBETH003, AO ML IEEC A%
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7. EXKH| Dynamic Optic /= i IR

o Mgy

TE L AR U, KU I SR IR 225 R R RRCR , T A G 1 36 1 2 — MR
R TR IE, X ORIV R A2, WA R B, SRR R E .

i 5% KF Dynamic Optic FIHRFE™ M. HIERNARRBEHTERMMR T ZADE, ©
B RAR RA I R . S P /N AL R B P 7 BN A0 RGIR T RE R, ARIR T
e/, &R AR BE TR B R T ORI 35

Adaptive optics ON

EEONE R BIERDE S5 AR B & RO ARG B R

)

Strehl Ratio (%

Time (s)
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o BHUkE

TERAUG R, G TS S5 2, 2k RGN, 1T E & R 51
I IE e R X

— RS LB R B, Db RG R R R, N SN E R BRI A
AR LR, fETENSIH BMARGEK.

Microscope
~ objective

Adaptive lens —

E D B A 3 B B P S R £

fes ARALET; A fUAL)E
PG AR B B 4 S A B 5 A A T 1 AR

104



o MMM
I Sk SEIL i 2 HE R LR AR ) K 2 B A0 R EEAE T A,

NI e 52 45 4 4 A P
fee AUALHETs A fiikE

o mIIFHEOL

R FEBOCEAE AR R IR AR, RERAEXIIABSMERZAIMEZE. R
FIAZ T S 5 85 ) A RO i 2648 22, Ak, 22T A RIS RedR O Rk b B B D BE -

e AR R R POLI AT IR /S, AT S A B i S SR A a0 R (A, AR e
FIAEARZ 20 J/cm® BORERBKAFAT 4 kW AR Th R B0 .

o HIERS

FE— LB LRI ZOR A s R BN R4, EKA Dynamic Optics )R] F&i&
BERE AR I ARE BT AE ELRET [ERGE I 2R AR LB Sk b, IRt miE =AM
LAEAT £

DO ) E TG R B Sk AT A AR AN B, JFRBEZIE 3 /N e 1 £
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. # R

(Frequently Asked Questions)

%F A7

1. BRAFFARER A F=HEFMHARA? MR ER?

AN H AR ZACHAT 22 0KO 2 7] = KH] Dynamic Optics ], i&E ALPAO A ] LA
JNE N B E SRR EERD ST . BRAFRE R EHK, isA—.

fif 22 0KO A7) Gleb Vdovin fi-+F 1997 &EQIS7, s tbiK, FidEE HE A,
TR MHUREBRAETEE OMDM | FREARTEEE (PDM) AR A AT oAl
M3 HF FrontSurfer. 2B MR FEN Y RE HIERDGEO7 LA B Fe ek
5, OKO AR =AM b, i, 2Lk 15 mmy 37 FAIGH MMDM (CFR “OKO Mirror™)
LEERE M 10 oo AR, BARGISZUCREE 24, S8 2 H TR,
Wot. RAEESUIR. PDM A H T KIE BB . DL IR OGRS BRE, AR &
%15 kW DDA, @ TSR EOL k.

B H| Dynamic Optics AR /i F EAHE: AHFES (Deformable Lens) X
HAS 4 (Bimorph DM)  IEHIASEAE (Piezo DMD .« JRRUALIEKHS . R4 4T FN4% il 41
Photonloop. AWM HIER G RGG. HAFEF= 578 I SR FE FHERTR R 775,
A PR A0 RETIR IEA RGUAR, $ 2 F T AW AR « A0 P R 5 o A A
R RGOSR R AU, YN TR R . AKX 18 BUT AR TEE B A FLE IR S A h
FErATRNRTESA . BRG] RBRIIEFEOE, EH TSRO B IE.

[ ALPAO 2 7 A7 Tl /R BT LB R, “ALPAO” HX “ALPHINE” A1 “A0” 2 . AW
a F AR, mIEE AR EOE TR R ST RHT 2 T R ] R ACE fast. ]
HEERGF RS b EEROET: 2HITH. Sl AT, S PBE. fli, &%
BHEALE. H2 ETANATE: ATRE IR ER M S R AT 0. 4 ms. JEHT AL KR
Il HTAR AT Ik kHz B FEf RGN Ak 5 kHz %5 . AR5 IE FH X e Rk i e AR ik
AT RS AR IE, BINERBOEE S KOOI JeZI B &AM . 20 =177 5 O
AT 2A KBTS BEBOGEE. X MTHE .

] Py R D O 27 R 200 E F RO ER, PP T A PR R R, N
RAC R A TG AR TR TE G KE NG5 . A AR TRIE Bk I AR & FL AR B H R
KN ERIHALTE, Hf I8 G DR IR B, SEDURHIRPIME 22 1 ks FE AR IE o /K34 SR T B3
SR A B PRI 7K VA Jis B v S B VA B0 5 PRI 2 8] PR R 29, e R H PR T R B B R R B B T AR T
SEEUHR MG 25 (o FEAR IE 2 BT 6] R AR IO SRORS IE 54K
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2. AF RMBA0 = mAREL? HH 86?2

NFBRKIFFOET “HAR” R “HERL” .

FRATTAATE A [T A LA 5 B8R ) A AR S R L A LR, S 47 22 OKO A R AL Bl N R AR 3¢
FERE S RS ot o BRIE, BRATA RIS & [E N A B & RG22 7= i, T HIS SR & R
RGBS PERIERL, PR gEE CHATUPRT 2 OKO AR  FEIARE MRS .

Har®RNMCEME N Z ra R R T T BEN N RE IR KRG e &
ERMATE, 113 FERDE 3 (RS BN JEA M 25, Bok. BER¥ RS
AR A EAR KA 5 L2 MR BT IR AR JEF SR E A0 Fl K e !

3. AFFRERNBARIFEZEQERENE? FRE AT ERH?
A E O R CL RS
® A0 RGUIAA I MR EOR, XFE WA A0 PR BT LAY, RIS A%
JUEESR ) AO 77
o ek AO IEHIAFIIR . H5 A ARG S B A R A I AT A A AL B IE
R RS0, SEIMIMEZERRIE: FP At SH0l T )&, ISR RGURE S

CRITy i A A AR B R AR )

®  EMFEEER: AR RITF R 5% A AT SR

4. RAFANRERBERGE>SEEO. A5, 0T REHEEAR?

AN FACEE AR BT AR AR 55 B IE RG22 7 i K E AT A (SDKD
FA] AFE Windows/Linux B4R, F C/C++. Python i & #HAT PR, JFEBEUHEME. 3K
Py AR HA2, FRAF KB IERDE A — B R SCRZ A 7 B i (B0 7
BT R 5 R R AN R 2 7] (BB BEATFEIC , T3 A 400 R A 2 =] RN B2

BEAN, AN RS- BT — IR MR SS, AR L F SR AT RE AR, AR i
BE9iS Windows/Linux 5T 0 Ml rr, seBle e shfert &, BATREME. A, &
e PERENA -
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8 N 2 — A

5. BB HATRHFI T AW L2

BTG PAT B HES T N~ G AN IEHES . IESSHES L O s R AES % T LR 5
X e 51 75 R AT AL RS B B S RS 7 X (EE BN AIBHS . B HERS) —
B, AT LLE BRI 1 PR AT AR IEROR

flhn, far == 0KO 2w iR T4 HE S 7 sUREn -

® NAIEHESI: 37 @il MMDM. 19/37/79/109 JEIE PDM;

® IExZHEFI: 19/38 il MMDM, 69 il PDM. 20 J@i& ki PDM;

® UL HES: 39/59/79 JEiH ) MMDM.

6. B REURTRA AW LI B T X 7 ?

ARG A A L S LKA LR . AT SRR BRI B KN BRSNS S K
WA KRR, FnF Jra A B Sk A — 4, BrERm N _E TR 18] — e fE ms B4, th
A7 R ARSI N T L oms, VERE IWARTE BT i P BE X LR AT i 0

7. WTHHERBERIET 0B KHRAR?

G IE B ) £ B T HRERAL GE /1, AR K AR SR IEILE 8
AR, BARE DS H R0 i BB SR bR . X T R TR UL, By K Bl
LR, PR T RERZIE A K B8 T3 2 (IR AR B R LA X @ s EoR U, Hopr
RER IE I K H5E T RO AC BB LA i

8. WHIMAZEARRR?

BT = e, ATBLARS © (x, v) RES, Hb x, v 0 RRac Tl AR, R
PHAAAR (x, ) mR AR S A B . AT DUIZ g SO 4% m AT AR B, ) DICRE i T 2%
ANNAT TR 2RV & CRIFIRRE SGERALBHT) -

Bl4n, R Zernike B AL ELNE, AT LURHE RGBT 20 24 Zernike BEFALL
PG, I Zernike BT R BORRIRBIAT o LFE AT LRI AL AT 0342 1 2 20 A
B, RN ET o Hrcar AR M 3 2oy, bR Bk, HE. EE%.
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9. AftaBmaRERF M AT EREREH?
PRl = e, N TR R ERRRT, — MR ERAT R R Oy = e R K, B
1]!:

Blhn, FE4r 2= OKO A F WA ForntSurfer fFrh, w7 =4 MBI T EIE (5
AT SR AT AR AR B AR U BT i (LRI o #EA7 22 0KO 247 7 i Tl
WARE LFRER R MR 5 O T EE. R THEE, WTLEEER. FEUN
M JE 7RG A B AT AR AR L DL TR0 T B RS IE g

CAZE ) A7 MMDM A OV HL S, T AT 4 Tt e K HL s
TG AT SR K T, BEHLHE)

10. &S DMD HHAXHI?
DMD #& Digital Micromirror Device ITEIAR, &—FhJt2% MEMS #8344, H— &%) 5 S
RN AR
1) DMD R 2 B E, AR BT BB RS — MR R, B P
FHIR DMD X T 655 1Al (IR A% e ) o« AR TR BRI — M i SR 11 (K 1A% 8 i T 114
GRS , FHHETRE AR B TR A R (A0 Zernike BRI E0D K
TR FRE O A A I P )
2) AT T IE R ' R BT AT, XU B ) R B N
3)  ARTEEE TN B R AR AT IR, — MR TR i AR IE SR AR ) 4, gl
RIS AEVEFEAER . BOt. 6215, T DD — R T 50 . RS54

11. BHGEPATHR L KIEEER L ?
ANFIZTCE AT A 2 (B (TR AR, BARTEI 7 25 AR R 5.
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B, 2% OKO A AR B AT 8 2 (A M) BE — A% /& . 6. 83 mm@19. 4. 30 mm@37.
4.75 mm@9. 4.72 mm@79. 4.30 mm@109 . % [EH ALPAO 2\ &) {4 & &5 $h 4T 25 (8] FE A5 -
0.8/1.5/2.5/5.0 mm.

12. REENPITREARBE, BRESWELAE PR YL ?

BB NPT IS, TR M 2. — kUL, RIS MIEAL R — KA
H7=E Zernike JRAZ B Bk AT &, 140, PIRLIE 5 B Zernike MAZ%SE

DMD B SLM 3 ) o s AT 4%, (FR EATT I R 2 BT, ST MG AL 2R (1“5
=7, DIk, DMD B SLM R E A A 5 68 71 H 0 B R PP

13. REGREHRHCRBCEATOS, TR R RHTHRE?

AR TR AR I T2 AR R A0 T SR A AR Y o e AR AR TR S AT AR P R, T
PAEASTE B T = A 2 M R TR AR . R R ARAS 2, T LR m oG R i AT 6. Bt
b, AFBE AT A FEAE AN RN BN Zernike FEAE, Wiggs, BfE. BRZE. EEL%.

14. ZHEREHATEIERROL? RERERS/D?

AT B R PR IR BE AR S B T WO, RGBT

W =% OKO [y MMDM 7EH 4% 1 100 REARZ 3 WD, FFPRBENRAE A& Z 500 W, TR
J& 2 kW/cm's OKO FJ PDM 7EAFERPENE T I 7K 52 30 kW 2 R0k

M KH] Dynamic Optics HARTEIZES 2 /DA &2 10 m] ) KAPEOE. Dynamic Optics )
ATERIE T ORI AWOE, FIARYE % - SR BEAT I e ) o

8 ALPAO A ] AR B O 5 IS (LIDT, SEM4%ER) A: 880 mJ/cm’ (@12 ns, 10
Hz, 1064 nm, fkP#or) 0% 50 W (@1064 nm, HELEHOL) .

15. Dynamic Optics KITRIEHEFIREMEBIZ/N? DREBKRIMEIZ D ?

Dynamic Optics FIWGESR MEFIITEIFE N 150 um, iR FLIEIFRIAE 482 (AR #feT A
MR FH - PSR e . PR AT R RSN 9 nmX 7. 13 mm.
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mailto:mm@37、4.75
mailto:mm@37、4.75
mailto:mm@69、4.72
mailto:mm@79、4.30

R TH2% 0KO A& B A0 7= 5

o A4
16. 12 7 MMDM?

MMDM 4% /& Micro-machined Membrane Deformable Mirror, B[l “folUlis s 4% .
fitf 22 OKO A~ &) 5t Jt g AR P i AR R B A /), FLAfilad i MMDM A 1. 17, 37, 39, 59
HTT9 MR .

fiif 2 OKO 22 7] MMDM (1 5ty — 2 B B S B )-SR & Y- A =it k. (51
0.5 um- 10 wm) o IR Y — 2 W RS, BRAEXT NS AR R
VPR ] e FEREAESE b, R RIFAEVF 2 T Bk .

FFH & R 5] SR, 45— a2 A B N R, A R A R . AR
PRt I AS R R, RIS A TT DABE 2 P2 A AN R BT AE X NS Y6 (38 i kA T 4%

17. MDM R~FH £ K?
OKO 1l ] MMDM 43 > [ % G 1hi A 757 TR B [f (Linear MMDM) Pl
[ 7 MMDM JEE 50— M2 1. 17, 37, 39. 59 Ff1 79, EHAEAN 10. 15, 30, 40 F150 mm.
LA MVDM R RSF A 11X39 mm

18. {47 PDM?

PDM 4= /2 Piezo—electric Deformable Mirror, Wi %4 “FEEAAL" o > OKO
AT PDM A 18, 194 37, 79 A1 109 M ffiliH iE .

fif 22 OKO 2 5] AE 7 1) PDM HH 22 /> s FL PR AT 9% S — N1 2 ) B8 B B TR A e

FIFH FE HL RS, 25T 25 TN B S I, AT 28t e R AR TR AR, al s B st i R AR T AR
U SR Z5 AN [F) AT 38 TN AN 5] B P, BT 3t 2 B 2 7= AR AN RIS, 6f NS 6 PRI iR AT 1428

19. PDM I R~F R E A2
OKO 23 ] il & f¥) PDM 3 A [T 8 1A 75 T 45 1T (Linear PDM) Py
[ PDM JEIE ¥4 18, 19. 37. 79 A1 109, B4 N 30 A1 50 mm.
2P PDM R SF & 10X 55 mm, FLA 20 AN AT 88

20. OKO LR HIFMATH T B AR ?

OKO 7% J& i 1) “ scratch/dig” {6 — M2 20/10 . 40 4F Bk 25k, 7 BLAR it
scratch/dig=10/5 IAE 55

(E: scratch R KIRMERRTIE, A7 oK dig R BT B IE BB 25 B K ELAR
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FLA70.01 mmo  scratch/dig=10/5 FRRIIRE S EE 10 oK [RIBE A B K ELAE A2 0. 05 mm.
i FH B Sk — MR scratceh/dig=60/40; fIRDDZHOE—MER 40/20; FEEDRPOL. B
T A O X ER 207105 X TR BEROL, —MRESK scratch/dig=10/5. )

MMDM ) 7] 46 T FE 57 3H . B 4% 15 mm. 37 3 IE ) MMDM 7E 10 =K £L 48 P 16 B0
(Astigmatism) 2800 F 1 45, KIEARM) MMDM 45 8 ANARRARET, AT DL 08 22 1 B 45 110
VIGATHE, 7= AE R m b2 R B . PDM (R 4f T /2t L P4

TERAAEBL T, OKO RGN FREE T LIAE] 9 nm (rms) « N EIFr7R N 4224 50 mm
(1) PDM (39 $AT#Y) i EN B4 PIIEE R, WA BRI : BT, BT,
Bzl WET R,

20 ns
Peak-to-yatley = 0130 vaves
5 = 0020 v
Wavtngen - 0530 mic
Opseatpower= 19100 5 i
i 000 00
-0 158
o &
%
X -2 -3
e S L L% w8 a0 1ms TS

21. MMDM I PDM % IEAR 22 ¥ R 4 e 2

AR AT (MMDM) AR A4 (PDM) #IHEAT ESSEim, R REAR G Huke IE P8 1
AR, M HARHIN I NIL B .

P 37 IE 15 mm ) MVDM 7] LASRAE 20 um ESERIERE, FARIEIEEEIE 3 um ()
Zernike3 B A1 5 W% 2. 79 JEIE ¥ MMDM T ALY IEFTE 5 B Zernike {52 .

19 1 37 @I 1) PDM 1] DAAR 1E K0 FE IR 5 2%

22. MMDM F1 PDM R TE M B MIX 5 ? A SHAZHICRE 1K 7] ?

MMDM () 458 T 2 — 2 VAL, R TH 7 v S S0 26 (1 <6 R B 0 J S S M8 . PDML (1 5% T 2y 35
PR, AR E = SR R 4 R B A R

MMDM 7E & Dh 26 WOk IR Gt T, HRT 28, SIRMERIIRE LI, IR ) B,
[ o V52 K 7= A — e IR . DA SEBR 45 R T MMDM H T s Th R Bk I 1 .«

®  {F MMDM R HE St R 99. 8%, BLMIAIA&SZ 10 mm. 500 W HIELLHOE;

® WORIhE: T0 W, IJEREE: 20 W/mm'

® HIMEAT: 10 mm. 19 3#iE MMDM, 12 JZAFE, RI7ZKZ 6 mm ELfE. 600 W CV YAG

Bt

® FOLIThE 500 W, IhEERE: 2 kW em’,

PDM AJ 7K SZ OGN 2w, e AT AR 32 30 kW HBESEEUG .
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CFE LT == OKO A Al = i T 2.8, 2.9 5. )

23. R LA F MMDM Bi# PDM AT HAHEIE (R#iE=) ?

— Bk, MMDM A PDM B RER IE— @R BURE (tip/tilt) , (HHFZEHKIFER
IEMIRE (RN 2 B Zernike BiAZ, JRARMKB MR Z) , MIfE TAL IE MG ZE R4S . B MMDM
B PDM AR IEMIRY, AL RM /N, T H 2R 2 H N w2 R IR BE

T L R TG BT N —MBURHSE (tip/tilt mirror. fast steering mirror,

NG B, LIRS IEMARIGAS, (FXRERfE 2 oG 6 52 AR B
JOH A TR AL REGTBEAT ILHUI I 5 st AR JBRAT o

W 22 OKO A w] B A 7 —Fh 2 W& w5, #T LUK MVDM A1 PDM A8 T2 45 (il 4n 15
I MVDM) B AL & . I W SR EMR, FR R AR ESRIEEIEZE, A
TMTIE B0 ERPME 728 RAF AR IE R .

% & ) AR BRI 14208 10-25 mm, k% 1 FE 9+/-1 mrad, fs TAESIE N 300 Hz.

24. OKO BT E IR ARSI E KT

PRAEMT 15 mm 4532 MMDM A A2 5276 ] WORYE Bl ik 3 W e Th & fudl. R4 A
LR, AT LATE MMDM R b R R & B - A TR E, R Z miik 500 W ELE 1 kW
{OPIRPIE S-S

PDM B TH B A LAk b SO R IR JE, (R BERSZ ik 15 kW RT3 k.

25. ARk “IREHRIE” ?

DRI FL 77851 MMDM PR R R ) AR g T A AR T AR, P BTG AT AR . D 1 S8 B
XA, S R SR SE TN — 5 R, 315 T ] 1) A R A AR, I LB A TR IR
Ao JRERER R, R T LA 1E RO R A AE XA AR .

26. MMDM M 57 f¥) 2 44 8 4n 4] 2
MMDM % T )57 % 5 Jti o Bl 10017 B AE Bl o 851 (0 7 AT LA FH 7 5 AR 48 13 AT
LA X T 8 Arfl BT R, nI{EH LR RIEAGIEHNE S CS GEll-1----1) 4N
LA L T B AR A T 3% (AR 1 4% 1 =75 CB:
=( ) (05 ( +1)) 255
GA IR T EHIE S CS SHARME Z ML EXT B R, HAE CS=0 BB R E N
P A7 E . MMDM AR i v T DL 2 AN T o
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27. PDM Wi L PRy £ 44 B e 2

OKO F & AR T 8 B U (2R Pk B2, {H 2 7T-10%A#50 (Hysteresis, XRRREHT
B L 1%KEEA (Creep) o (EAFFIFEA, AT LA F b RR 5 46 R > 5 fi%

FE: WIS AE RGP SN M, DRI & BOG2F R G0 PE R i — e s, o3t
XPITHR RGeS B K PR AR 22 5 1 aneT i e ol AR I e s D732, bt AE 4% | B
GINRAIREAL | 2 RN HLRL IR BN 02 FE RH R AR A SRS S R4 SR R P A 4 |
o H2, N THMBENGCERGEM T, RO RS A Bl & 232 83 . #55] RGA B
SEHBAT B AR HIME S, BT CART DASEAR RE BE b 4 s Y %o AT EA P B R S

28. f+4 R “FrontSurfer” ?

“FrontSurfer”/&ij 22 0KO 2 A A& (1) — M JE T Shack—Hartmann 3 il A& &5 A1 AL T 55
(RT3 BT AN AL A S A ok

FOR AR WAT I o BT« T T a4 R A T S A L B SR R
SRR IR SR HESS

29. “FrontSurfer” JHRIERBAIE A2

A4F “FrontSurfer” A — NI EHR L (Hartmann B{# Shack-Hartmann % Fi{E/&
#%) . Hartmann JHT &8 H— KSR Har tmann 38R0 — 4> OMOS (5 OCD) AHHLZE R 7E
Shack-Hartmann f&£&2% 41, HEBIHE — /MU SR 51 FT U

30. “FrontSurfer” S fFiHfaH|ng ?
“FrontSurfer” HMAMRA: JFIRRMA . FIFFRA
FEIRRAAS GEAT 5 77 0 52 R0 3 A o P PR WA A 38 0 0 A (1 ity 38 S 3R T B S
A .

31. FrontSurfer H+2 & EA HERGHEMN K IhRE?

FrontSurfer B/ Al Xy NSRBI BATHEAT IR 204, FFERDGHR 54768 H
K& LEOCRZE R EE . T PR FrontSurfer BAFEAT BTN E KIS R,
BAFEX O CR AT e T AT 7 e kAT T, 5 SERRI & 45 R & AR
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——— - " 7 = —
FrontSurfer v1.4.1f = i S| Vavefran -t S . &4 ’\
I

i File Options Processing Preview Mirror Heip 2‘ l’

B = Feskaovaliey = 5 750 waves

fint ) FMS = 1,160 waves I
X 3 Wavelangth = 0630 mic

——=— Phase, waves

¥ ' 1394 !
Aain p an 244 Optical power = 1.3340 |-
1.00
244 {0
-187

=33
206

| Eile Edit Miew uytye Draw/Measure

Profiles Help

. mﬁ‘@gﬁg\ )

BGRS (128 x 130) Frames: 186122

32. B¢ T FrontSurfer, a2 OKO A &ALty BT A2
FF 2% OKO A F) ISR AL LR 87 T 3 B 24T 5

® Zernike Commander: Zernike Ff T A54bLAN i ARAL 5

® Still I. JibsE FEERGE. BArIES. MR, 2GR G,
® BeamTuner: FOLIEBELILEME;

® LightPipes: Y& & THA (W7E Matlab, MathCAD M35 R ;

® JemaDLL: Zemax M85 N ZHABEILE, FIAE Zemax PAIE T /7 5 MMDM, PDM <5,

® \MiZer: ¥ OKO ZEEir=2E Zernike JEAR,

33. “FrontSurfer” EEKETHWAMNKAMSERARM2ARE? FHTREZ L RNE?

“FrontSurfer” ¥R HE Shack—Hartmann 5 Hif {8 & 25 4 A 70 Sy P AR 20 800 15
X ZHEEA

X B Hartmann SEEECROE SRS U 2 HUE A S %, AR E RS
FERGREHE, AT TIONIEHETD, BRI SRS (02 5 B 51 B BB v 545 21N IR AR A 20
PR SEPRERIR, RFRERmIER CRRED BIAr TR AR ET . (G BB
Rfe 5 HA 58SV BT YT AR 2K IR 25 Har tmann S SU0H0% B2 R 51— (e H o

SR B —AORRE SCASH R, Id I A M RUE B R BEAL bR, R %Ak
PRBCE NI TE S5 A s 5 SRR OB SR S DG B AL bR 5 225 A UL, AT 52
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1FRNZIE R G S H 2 R A R AE A o DRI T ZER TR S (Bl A Re T AR
KT . AERXFEAT, Hartmann MR OB 5 M S BE T LOE A2 81, BT U2
AU, AR BUE ] — N BEHLE AL T AL AR RS o

34, PEEIAE RIS I R BE e ?
“FrontSurfer” 5 A& B 2% i) #L R e B ) e s A2 [ R BUE 258 /100 PVGER T =
0.63 um . REE AT LUEL P2 Wi &R KL /500 rms.

35. WRIMERBHEERED?

“FrontSurfer” JEHifL LS S BAESFH A IR EL N /60PV ( =0.63 1w,
LN MERTLN /10PV, ESEHAXT, K22 BE RS RS, T
T} 2 WA T ST S RO B KA BRI OB S B SR B v o TEAE RPN, A 2 52 B0
BiREZ) (B Har tmann S8 i35 22 1 PR o

VO DA ENS BB R AE ARG 22 (A 0 T AT 10, S R 8 T A S 110 72 [B) SR R 22 W]
LG . GRAFE R R 22, M ZERE SRS (B Hartmann FEAE)  FA R0 1K) 25 (R KA
# (WEUEHAE RWHEER) |, BRICREERZE.

36. WA HEMREMIEE SIS “FrontSurfer” —i@ffifl?
ST, 0] DU AE B G B 3 X ek 2L B0 1 FL AR AT ] A B R0 B3 B 471
XA ER R, TN B N A TR BT T S5 M RS R 51

37. WRFAHNLET LS “FrontSurfer” —ifFH?
“FrontSurfer” W] LLSAEAHAL Bl 1R #5042, (HFTRZE—MSEGELE. B RTRCA I
“FrontSurfer” 03 J VF 2 EHRUBENLEIEAE, BT DAAIVE 2 AL — e ] .
“FrontSurfer” M FMrhiid 7 imf b prf Z S HILIRe, M n] DLk X £
W R B CadE .

® HENM¥RA
38. —EHAR “FrontSurfer” P BEMIE RS AFAEI LI ?

—E AN “FrontSurfer” HIGERDGS RAMHE: AE I IKEN BT, BATAE KA
“FrontSurfer” Al 5 P26 AT o

39, MEFIAETT AR “FrontSurfer” #Hf—#H?
“FrontSurfer” 1] LLY OKO A B5 IRk B #E 47 1015, 5140 40 1@ I8 USB B LA M B

116



RS AT IR, B AT LRSI SK B OKO A B AR AR T8, 46 £ 1k 79 W3 1 MMDM
H1 109 ANIEIE ) PDM. LA K Ho A il (1 AR T 455

B R A% ) 4% AT LA A0 22 4 R E B B “FrontSurfer” o “FrontSurfer” &
TRTFIFRHT B e U5 T A 0 1 0 o

40. “FrontSurfer” HHRIEEE RS> ?

RGPS IR 2 SR T AR LB OCMZE L ke AW 20 BT PR R 2 1 8 ok B
TG ER I TAESZR AR SR GEMaAHNLRIRR G (D o AR SEPR TAEZSR, OKO f IR
& RDG S R G O T LASEBLAERD 1500 M7 (1 PH PR A 1E A% o

41. OKO BARAFM— M BEKMBEN ¥ REHEE T HLEL?

MRAE TR ZL, OKO 23 ] il A3 (it — 2 e e 1) PR FE OB R 50 (A0S) o B T AT BE . T
AR KBS . I B4 S O S A4, IR BHS T LB e AU AL (T AR
FHURR AR BEA %) o XERGEMEILAERE 1 10, R TREER 2 1 5L 1 RS
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