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Abstract

Abstract

Solar physics is a natural discipline based on observations. The high-resolution
observation of the solar magnetic field and activities can greatly promote the research
work of this discipline. With the deepening of solar physics research, it is necessary
to carry out long-term continuous uninterrupted observations of various wave phenom-
ena, multi-view angles and high resolutions in various activities in the solar atmosphere.
Ground-based observations have been difficult to meet the above requirements due to
the influence of the earth’s rotation, earth’s atmospheric disturbance, absorption, and
background radiation. Space observation has unparalleled advantages of ground-based
observation, and entering space has gradually become the development trend of solar
physics research. The birefringent filter is the core device in the solar imaging obser-
vation telescope. Using the nematic liquid crystal variable retarder (LCVR) to replace
the original rotating wave plate structure can avoid the use of dynamic sealing structure
and mechanical moving parts, not only can greatly improve the reliability of the equip-
ment, but also can reduce the energy consumption and weight of the equipment, and is
more suitable for the use of space . Therefore, the research on spatialized liquid crys-
tal birefringence filters is one of the hotspots in the development of solar observation

instruments.

In this thesis, through theoretical analysis and demonstration, combined with ex-
perimental measurement methods, systematic research work has been carried out on the
performance and calibration methods of the unit liquid crystal device, as well as the
design and related technologies of the liquid crystal birefringence filter system and re-
lated technologies. Part of the technical methods of this study have been applied to the
development of the identification component of the liquid crystal polarization analyzer
loaded by the ASO-S satellite FMG. At the same time, the data and experience accu-
mulated during the research process can also provide sufficient and effective technical
support for the future development of the spatial liquid crystal birefringence filter. The

main contents and innovations of the work carried out in this topic are as follows:

I
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1. Research work on the optical design and key error sources of liquid crystal
birefringence filters

According to the working principle of the LCVR, the optical design of the liquid
crystal filter is completed, and the specific design index parameters of the filter are
given. Quantitative analysis of key error sources such as LCVR phase delay instability
and optical axis instability.

2. Research on the calibration method of LCVR phase delay voltage

A new automatic measurement method based on cable compensator is proposed,
and the optical experiment platform and supporting electronic software and hardware
system based on this method are designed and completed. The experimental results
show that the relative error difference (measurement accuracy) of the system measure-
ment of this method is less than 0.0575% [ambda, and the repeat accuracy is less than
0.01197% lambda. 1t provides a feasible technical solution for the accurate measure-
ment of the phase delay voltage curve of the LCVR in the subject.

3. Development of external field effect of liquid crystal birefringence filter

Relevant research work has been carried out on the degree to which the perfor-
mance of the liquid crystal filter is affected by the external field environment. The
research results show that: 1) the wavelength shift of the filter caused by the stability
of the phase retardation of the LCVR is less than 0.005nm; 2) the wavelength shift of
the liquid crystal filter is less than 0.00035nm under the temperature fluctuation range
of 0.01 degrees Celsius; 3) The optical axis characteristics of the LCVR have no signif-
icant effect on the performance of the filter; 4) During the proton irradiation, the phase
retardation of the LCVR changes significantly.

4. Completed the design and research work of the principle prototype of the
liquid crystal birefringent filter

Completed the development of the LCVR, and realized the closed-loop control
of the preparation process; completed the mechanical structure design of the optical
filter and adjusted the optical and mechanical structure; completed the electronic system
design, including the hardware and software design of the LCD driver and the filter wave

With shift software design.

v



Abstract

5. Completed the test of key parameters of liquid crystal birefringence filter
The key parameters of the whole liquid crystal filter developed by this subject were
measured experimentally. The results show that the performance basically meets the
design index of the liquid crystal filter. Among them, only the transmission bandwidth
parameter is slightly affected by the resolution of the detector and is slightly different
from the design index. . However, affected by the epidemic, the trial observation work

was postponed.

This subject is the first comprehensive research on the liquid crystal type birefrin-
gent filter from the component level to the system level. This subject research is the first
to complete a liquid crystal type birefringent filter prototype for the full-day observation
of the solar chromosphere, complete a LCVR phase delay high-precision, automatic cal-
ibration system, and complete the liquid crystal type birefringent filter control A set of
systems. Relevant methods, data and conclusions can provide experience for the devel-
opment of space-type liquid crystal birefringence filters and are of great significance

and value to the development of space solar observation instruments in China.

S48 iA]: Solar magnetic field, Space solar observation instrument, Nematic liquid crys-

tal retarder, Birefringence filter based on liquid crystal variable retarder
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£28 ETRERATHERONFGIEALDR

XTSI ' 8 7 A BH AR I & R e A O e e, AN TR T R &
RS AE T S8 0 2 7 L AR SGHIE 7E AT, FrlL, 1 Yo i ZEE R 22 OO 4
TETCER A I A AR . AR TR X S 4% I il b AR 50T S R R AT
W2, WEEEI A IR T IR Ca% MR A AR SR R Re e, R SR TR
IOEEPRFIRGTSEE o8 E B

2.1 imiRSCRIFE

DG A R P ) — 8873, B BRI, DGR B RIIRBN T ) 5 A% T 1]
HEH . UK DGR B B TOGBAR BT W) BRI BENL . AWGEit-F 2510
AR ERVE, SaBIREN T AR S U7 1A B LER S, BIHRSN T ) B A& i)
PRI, FRERRBLRDGEON B ARmIRG) . 24 B RGE S FE e YR R 1 St
HEFER G, PREhTT R T AR . BRI A AR RIS AR, TR & R R
B HDCE N RIRIG . ARIE W IRICA RIS, P I N mdRot . A6 B R
JEEC B AR o ARG T2 2 XA 5 SOG4 S A Al S O R A S o AT
TR ICHPIRAS LR AR IR G i 06 27 ds 41 B 7 i ad J7 kAT fi Z2 /48 .

2.1.1  RIREEFHER

PR ' 1 L% AT DL 2 BT A m) T N AN TR A T R B 70 B Mk R
Ao MZHEREAIRE, JGUT Z #5 %Hk, BRE D270 HIE XOZ il & YOZ
i b, R3S ERIELN:

E . =a,cos (a)t - 277[2 + g0x> o
Ey = a,cos (wt — 277[2 + qoy>
W a ARG, o NAMER, 128K, ¢ MM, WIRGH 7 FARE K2
HZHEmMABRIER, BRI ZEAE XOY i B th . sk iz i 26 75 2%
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R2. 19 Z A B A r AL, i, vr_wt——Z)”Jitleﬂﬁﬁmﬁzz
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= COSTCOS®, — SINTCOSQP
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= €OSTCOSQ,, — SINTCOSQ,
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ay

W6 =q,— @, FHETHIIBHE IR ¢ H, REFIRANA:

EN\? [(E)\* 2EE,
<_x> +<_y> — Y coss = sin*s (2.3)
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R L2.30T 5, APIRIR > BAALE 6 5T 0 5z I, &R RIRCS %
RN — S L, FRZIRES I mARG AL mik (P HimiR) . W k7> & A0

Ey

B 2.1 SR GHT 22

fiZE o 9 0 B o AN HABUE IS, & A w2 2% I, FRzIRES 1
fim e I [ i ot o

R ) 14 T SR A2 #a_4zﬂé_+ I, RS LA N . P
u%%%%ﬁﬂﬁﬁ%ﬁl%%%%%%*m]

2.12  {RifRIERY Stokes B2
R T ERR S s AR EE, 1852 FEHFETEHT (George Gabriel Stokes) #i
HAE T DU AS 2 kAt R A IR O SR P B RS . 2 S R
(50 = (IE2) + (|E2))
S = (1EZ) = (IESD)

2 .. (24
S, = (2E,Ecos5)

(S5 = (2E, E,sind)
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B 2.2 R IR RO 22 2

Hrh 6 AR BIHALZE, Sy ~ S5 ARSI R AT i 5. Bt
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S;=S7+S8;+5; (2.5)
MIRIR I N 5E A iR, 4

S;>St+S3+.83 (2.6)
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WL R R . ER2.1 P4 ) T R IR A RN A — A0 s Tt e ok

R 2.1 AR mIRS R HHE AT R &

HROL AFEfmik BEEZMmIR 45° Zfmik  -45° Lfmik  ZRER IR AR ik

1 1 1 1 1 1 1
0 1 -1 0 0 0 0
0 0 0 1 -1 0 0
0 0 0 0 0 1 -1
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Lyot X5 It #s . Lyot JEGAHISEAHITE E— S E2. 4 i 454 —
B, N T SEBVERTIEE, JEGARIEE HH 5 & 8 JUIRAR PR T R R .
B2 707, RT3 de i 107 180 AT B i IR ik 2 160, HLO'Ch 7 1 55 4 ik A
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B PEEREE R T H5EK A ZHFRAWMA2.13

0 1 k
7 = cos? (%y) cos? (2 jﬂ,u> ...cOS> <%ﬂ> (2.13)

Aoy T BRI (n, —n,) » d ABEHSEIELE, k T I6E A HE
Bk 1. Lyot SEXGEF IR SR M eI L, (H i T F M dik g8 2, 80
TG R AR E I I

Evans ST 8% . 1949 4, John W. Evans 7E Lyot J€¢ 83 3L Rt E#2H
TR R P BRI Wit U7 %, BI7split element filter”, J& #% &K A Evans JE
J6#%. 5 Lyot JEHEANA, Evans PG — HFon b aL & =S S dh Ak,
K2.8 fizme Hdf m Al q SRR Evans 554%, PRAOCE T HIESS, HS
(i 1 77 161 B 45° KMo p EAA A, SGHTT M S IR A T MR E . AR

{11 fin fAm nfkp mh kg fhidi F 2
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A 2.8 Evans 3751 I8 e 28 A LS

RIHIAER A 6,0 8, Rl 6, %, IV SR T L A2.14:

- 1
8 =28, =26, =2""15) + o
5 =25, + & '
p— 0" 5

Horbrs v, 0RO 5S AN B AL PET 6 as HS DI BIR . S8 6y NEAFEIR &,
S EJUEIOLARIET LB, 1YL Evens B % 0N:

= cos* (2 15y) cos* (2P~ 5y ) (2.15)
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XT b 2.15F05K2. 13 7] 1 Evens Y 3% B0 UG B 70 AT SEHI Lyot P4 5T 138O
RORBOT g DA — R mds s TR = G AR A0IE I % . {H /2 Bvans JE
TGRS BT HEFE R, X S HOR 22 BR 4%
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fiE b iE A
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T(A) = 1 lsmn}( cos;ﬂanazl (2.16)
2 | siny

K24 y 5K ERE, XT3 LA KA K,

pdy
cosy = cosacosnT 2.17)

R b Sole JESGHEAUAE M v fmdik f, A AZ IS #1%E i T- Lyot 4R Evans A ji§
Jadk e (HRN T IRBECRI B HOGIE G, 75248 R R T S ik, xhiE g
P B AR N T AR H 2 M A . FE TR, Sole JEYREAE R SCHE T
U B WO 2 AR

2.2.2  Michelson jE 88

Michelson JE)G# 2005 R4 B I ES , HFRZ 9 Michelson 84 . 1%
3 1881 41 36 H Y % 5 A A Michelson & W), A1 KRBT FC" LUK 1)
RS, JEAESAGEEIEAG B T 2 0 A Ak BT BS), Michelson T XK
FEARGERINE2. 10078 My F1 My 52 P v AH L3 B v SO 6L AR FE 1 -F 1
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R, G Tl G, FEHS [RGB 45° M RP RS, e AR R LA AT i 2
AR, HRME™HE-FAT. HPW G, FREEAFELRNEERE, K
N W (Beam Spliter) . A HNATT G, J5, —#t (M2 AREIER)D) &
W M, B, WM, BRNE G, REENERE L. SR (R
RIBESHERD W& G, ZES, @il G, ZRWE M,, BRIEET G, G, &
SR 4 BIAO R o Gy FRPEAMESE, HAEH R IRIE G R G HE SO RAE R
B CHHT T S BRI B A K — 3. B M N M, G REAR, B HREER
NE M SN B RE . b PIAOGIIIRS) T 18] KA A [F] HAFAE [ 2 9 A A7 18
B, WRETWERM. Eud EX AR ARG AT 5 o0 A, TR 5%
40, MNMEFECRR . 5t AR L, Michelson JiE#% o IR A H
BT AR

-

y /_22224/ T T T M

& 2.10 Michelson J8 )28 F A EE 4

2.2.3  Fabry-Perot 7828

1867 4, 1LEWHE S5 Charles Fabry F1 Alfred Perot #4522 Y6 H T34 R BE %
T T T R HER G S M X AS . Fabry-Perot J€6#% (DL R RiFR F-P €)%
#5)o 1899 4 Fabry F /X # th Al Lo H B A 7 B i B AT F il mosIR, 2 )5
(HCT4F F-P UG 3R AE R SCAU 15 3] T8O 2 R . BT F-P 3G as A&
S AT IEGRE AT, BT LATERE IR PN B 4% UG 4% T F-P B8 a8, DA
S 23 R B UG O OT T 1921 o g e 28 (K AR 25 M 112,11 B ol
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] 2.11 Fabry-Perot JEJ%: 38 R AL H)
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AR RAEZ BT, FESES L, ¥ EH A0 A R 6 RIC R 2 b
fe DI REEE T8 2680 WIMIERIPEROER o F-P JECAR £ R BA B s g T —
ANE BT TS A, A HEEAS B HEATRER , DL IR R SCHIE A i 2 22
IR, SCRASEHSCE A0 134

2.3 WIRSHENXEE R ACEIE AL

375 o I8 K R R R A KT S O B E S BR  F HH RT T RE . KR T
EMELRE T A BT KRB AW, — ] DINERE N BB B, X T71EAERg
S ARG AR, (HIR T SEPRSEI EMEREIR K S —2R R R BE, MR = 5
UFSERL, HEFIS T EAEAE— 5 AME R PTI98 0 V2 i) iR 1
ITHIA
23.1 EHEFFERE

MRAERT SCRI %0, B2k Lyot S #4iE L i fe Bl N Ak ik

T = Acosz% (no - ne) (2.18)

I BT 3, BRSO S AR d BE SR SR (n, — n,) BT
AIESRMFE LR E PO K, X—RESOE L, SLaln N E
i
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AR, MEEROR, FEANEH T 2 2 AR Lyot JEYAv B A HE . (Hi%
77 F R JE0E T 53— 2065 M B X 38— Soleil-Babinet #Mx2 s, 7E T SO0 A
R AE L & )5 A v A A S

2. WREEFERNE . XTSRRI SR d RIS (n, — n, ) BIBESEGHSH
GGG L A AR AT 508, BT DAIE S 3R B2 ) 42 1) 8 T DL S BIx 8Ot A% i L U
KA o (E RS X R I IR AAE A LB 1)l — 2 70 B s B TR A 5
U AR AR W A IR S S AR XU T i 5 2 T8) 5% A s IUXEFEAR K. BT B
P B 7 S B A E X Ot A

3. BB IARVE . FEEEHDG B AR AR A P A X S RO, RIE R e FL A
HL 37508 5 ) DASEDIURT XA S8 R (KR . 40 KDP APRE. MM RIS SE . AT
It i R B AR AT XU SR i A AT S BB TR A — MR BT T 6, (H 7R 22
f R L A DL B AR EVESE — RN ARSI 7E 1) A2 RIDRE VR it A4
FAEXT e b, IR SRBI AR 1B I AR IR . J5 SR & X iz 5 kit
TR 4 o

232 [EREEIEAE
1. VU5 22— My o 72 X0T B d AR Je 1N 5 e ARl ek 450 /D0 4 22—
B s BEAS RN KT L PR O 6« 7 52 71 AN TR PRI AR [ DR ' kM2 S 7 AL A
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fidIR i1 XLATT 55 b 1/40 )t it % 2

& 2.13 M52 — 3 Frdik:

Al ) 2 iRt I e S A (i s A1 J5E SE D I e h D B R B . 812,130
ZITERDE R B B 120G Mueller FEFF KA 3082.19.

S =Py 0Oy Rpus- Prp (2.19)

ARAE2. 1375 1) N 250 %oF B 25 4 1) Mueller R N b 203047 1] 5 (10 46 P iz
CSRE S S NP DI TR e T GNP i B8

S, = cos*(0 — 2A) (2.20)

RAE2.2107 LIS 2] P, Jiehe /i 0 5 000 i S AR SE IR B A i 2 PA T 5% A 3N

A
0=— 221
> (221)

IEESRIE B RARAA . BATE I RGN B (R K@ s b,

d
A=7[7(n0—ne)

i NBIZ2.21 )5 BV TS B AR A e i il s oD K I R &R .

| zd
0 = 5”7 (n, —n,) (2.22)

Frffy d RIS (n, — n,) JE XU ST PR T R . %07 0 LRI 76 3 2%
Lyot 8 55 0375 et A0 08 LA X7 5 5 s R B3R A 2 4 1 T
B, (E RN T ELIFORI S Lyot GETI S, Gl iR 4 S
UG T Lyot M6 6105 G f A 2 Ak, ToiksebaRifl. FFLl, 76i%
D7 IR b SR T A A I 2
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2 & IR TR BT A

T b1 KT b AR 1/4%% A 1/29% H CERY W)

&l 2.14 e — oy 2 — it B A

2. W A ke N TR Ay 2 — ik B AMEVE A SR I R R, AEDY 4y 2
— R SRR B TR IR A 2 — B R, AT AR SRR R A A R [
SE HRTHE T SEILIE I e R OB K RS . B2 14 8 Z ik R 2 . [FIRE
PA Mueller )77 2037 o' ig a] 19:(02.23:

S =P -Hy Qo Ryus- Prp (2.23)

KHE FSCH BN 8 7 R & ] UG B 0y 2 — I R e #% f 2 5 i 1y Ao
KRR A:
rd

6=— (n, — n,) (2.24)

T BRI 5E Lyot XU S UE G d N H BN iz MK RIE TR, e
ZER VT 2 R D B AU SRS, I WU AL S A5 BB R e, T S
PUE LB AC BT RE o A UR R RIFE X M2 B 250 (R AL b, ) P 17 51 2R R 8
Fr B IR — 0 22— I SR R A A TR AT A S BT T

24 KRENG

AN B St IR G ) € SCREAN G ST IAT 1 ERE s R X S I g A HELE
Febfi—— W IR TR JEEE, BEAT TAHSRRIN . A T H TR S H e g
17338, FEXE S SRALAR I FEA AR BT 704 /el T IEtas B o A
Jiids MG e O A Mueller B (1 75 320 IE 06 A 12 1 I I 1R i BLREAT
I8 e DR SRS R M N REAT T ARG I B A 4
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3 E R IR R SR EE T

F3F BARETERSEXARAFRITRIRER S

WS P IR SR P AR ARALAE IR 4% ) Ra& W SO BE PR, S5 R 7 B, AHALIE
IRELL A0, ) VEEAE G22I B USRS 22 LT o A B B AN
20 ST S P8 e o 10 00 22— R R S R ANE AT DLW S 52 e 4B i Y
RS Lelbr = ST E PN 1 177 otir: i T K E s A v i i K= v = T I A E R
RHRNSEEEAT 41, 6 S e 3R URELGE P 11 170 570 BRSR di Fr 70 F 6 A BA e T A I
Bo ORJE S B BT S IE L AR L A A R TP B, AR IR G A S AR A
RS IR SR f5eJm o W B 0L S i e 4 (K G B AR Z2 IR AT B 0 A, AR
HAHRLEE 8, D9 S5 RO B Rk B S SR B 2L S5 A

3.1 BRI

YA A T 5 1) [ PR Ao 5 T 2 D6 e e T AR E44) Gk LS 43 A
R EEORS RS, AU 2 U0 ] B2 A, RIFEAS RS
FET 0T RIS LB BN . B BE VG Y ABOR S BTSSRt anaR3.1

# 3.1 ARERE T RASRBEE

REEE <71 T, ~ T, > T,
YRS RS LTS WA

PIEMERR SRt SKrAtE BOEE

P o LA i T BOMIE R T, FRONETR o WAL Ty T, Z I8, SREOR &)
T RIS o AN FEHET A O A BB A BT A o H LR 7
T AN PRR GG R, DUERTE a0 7 BT R A, 21800 1 K HRZIPIR
A&, IEURU AT 73 9B R L I ARV AN [ S R . R T X =IO
dn )7 TR RS ROEAT TR AN4

3.1.1 FESSEYR S

JIE £ 749 & (Cholesteric Liquid Crystals ) X FRERFERIK i » 724 dae 5 R IR
AR, DR SRR T 6 BT AL N 154 190 LS Y fg 43723 1) 3 A o P13, 18
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TR I DL A

1 BRI TR I NS AR, AR E5 TR A
5,

2. WEETFTFHEAT S, 6 RS T2 AP e i, e
K 77 T AR WA TT DA A o B 360° AWt JE 00, 49 Heet Je 3015 P
I3 T RIS R SR

3. AT L B 68 A5 4 TAREEAT BT, DR 0 5 4 T
YRPE 2 B AN S BT, BIANERERERE . AR iy s,

z

7777 77
//////
// //

& 3.1 fE SRR T S s R A

HE S PR 0 R R DG R B B B (R — Pk BOEPESESE, LT
BRBOR BB RFIARII N R

3.1.2 kAR TR

T AR AR AL, (Smectic liquid crystal) XRREAREA, 70 TH 77 5 difk
AL, PRI 4 10T T AL R A T S RS LR A, ROy 4
Fo o REN T I — 2, inE3.28R . W T RO AR R N TSR, ATRLE
¥ah. EHTMEREEROR, 27 BIERER S . 8H I TARREEE K. 24
TR, MR N, ARJRES T2 RN R183), S
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B3F AT A B KR E R M

SIS I AL, FLAF R H A IR XU S 3 RO A4 1, A B U AR A B By A
R R o

_____________________

B 3.2 i AR T B HE R R A

3.1.3 [EFE& S

[ F 7% i (Nematic liquid crystal) X HRZRIE &, Foo T-HEAR ST fb AH 28
OB AR, KEEFRIIRA T FE25 [ & TA EPAT o ANIR] 12 ) 51 B3R A
Ao EaM CnEB3FR), MU T EOE T B A1 21T, TR
N—HEH T [FHI R R % 5 U 0 5l i AR B e A, By TR M)
SR AN I IR, S B TR BON 2 MR s 2R B T AR %
SR A ARL T BT AR VR B, 58 BGHT BRU SR i 2% R ok AR
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& 3.3 (A5 T HS s

3.2 [EFBRERKE TIERE
321 wmEHEREERFME

1A P A A 170 90 B8 e o B A S, 10 A7 R 1D AR 2 P B
JRET SR > T HIAR R EAT Ko 3B AR X e 70 EAT B 5T 20 A B A2
KPR E A DB . WO I R W0 7 A AEIRIZ 3 DL K 5y 7 ]
WA ESE, B s TR AR RS a8 BN ARMmE T, W
T R RARSR RIS — T AR o5 2, DA DS AV N 70 T IR R
ALK E Ay, , RN IERRZRF N IR A P S TR A K T 5840
FAF TR AR, B RDCEER . AT R B R A AR, AT B ]
LIRS E i

S/ Y
'/x

B 3.4 [FI R M7 T2 TRl IR
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322 #mHIEEEH

TV 5 4 TS R R ke DA R P, 75 40 TR Ry ) Lo
LI IR A TR, BRI o 45 T . W05 0 % 00 S A
BT S L4 ) S M T S 3 5 ) S

SR RIBH L E Bk, AT TR RIS N ), T TR
THTIRIA R SON £« AR TS 0 O SR e 9 40 B2 AL A K
e FEX Ae =gy — ey . MR Ae [R5 ATLUK TS5 T2 2 Ae > 0
I W0 A TR 17 PR BN T A T 15 HL 77 AT PRSI S0 IF B
Sk, RS N, TR, R Ae < O, WU TR FITEHURIRE) F &in
FHRGT TR, LR N ORI, TS N, %R, AT
Il BTN N, B

e 8 50 5 AT W 8 TS S 058 T 58— R PR 5 ¢
BRI, B R 59005 5 T35 71 2577 ) B el O M0 P T 5 R
IR, B0 R T MO, KRR AR TR T A% 4
WL 5 TR 1) AT SN P T R A it AT B R 2R A0, AT 55
0 JeFl & SRR L 2, 72T L AKBLA AT 55 M0

3.2.3  BYEIBRAY§E E SR K T

BB R 3 FLRE S YR TR SRR R = T A O [ VR O )
A7 1A W 7> ROFR R AR B TAT I, (HEAIa e R w] O ER T . N T
EAG WL e 7 T A8 TR R T TR Al 4%, AR 2 5 3 FURE = T (1 i 5 o AT A 4 % el
JEREMRER, W35 Fros, IR PRR VA B B . H O S T
A B E A, AR TR TR 1R RS R BV 25 Hz T A
DN B G 7 1] o P A AT D3 e 4 i) FDC e 18 B 0 1 A A 4 AS [ 1 Bl
7 TR IR B o

) SR 7 T AE H I AR R R 2 e e, O 1 DRUE BRI 28 L I ) i
A RO % 7 1) — 20, PREHR A SR N, A 3 BT A 5 1A A A BRAEAE — E Y A
&, FRizf N .
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324

] 3.5 B [ B VL 20T o e A

AR P BB AT S U

Wk o> T ARG, 70 KB P07 A AT, AR BURA e

Peo BFBUAA . Wb T & F R R R, H P S [ S A
BLAE f 379 B S 5 TRU Ry 731 B BRI RN, e 4% 1) S PR UL R S 17 XU A9
BONLo HIEAMINA I, B 1 IR gRE R B A, S T
BT AT T BEEEAR . SIS, WS 3 A R LT 2 32 B I A MRS i ) LR
AT MR T =, AT A AR AR, WnEI3.60R. #5011

S)

CICICIOIOIOIOIONO;

& 3.6 MM THEHRS T 1504

ODOOOOOOO®

AT 75 T B AR A B SO By, BT SE SON Py o FEFLI% 5 (AR 1 4
TR T A7, TR B . B S R g 0 R AT B
KEA32, Hh ey MNMBFEL, y NHEAR.

28

@y =P xE

(3.1)



3 E R IR R SR EE T

P=¢y E (3.2)
MR 3. A3 2015 H B 3 R f I R 2 T 2k &R R3.3.

T = € E?%cos (0) sin ()
3.3)

T, = soj(lEzcos (0) sin (0)
T 7 55 7 RN, EL 7 KT 7 . AP ) TR T 1 e
¥ 3.4,

. _ 1 .
7= e (1) = 1) E7sin (20) (3.4)

SavL R S P I DR 182 1 S = A e 770V I i O O i A
KRB THVERERS, 707K 5l A 5 BRI AGE BT FIERS . SRR
BN, S NFEIE (o) MEHEFHE (et HT M T RAEN
RN, A FR e AT o S6AT e Jur AN R AR AL 22, AT 2507% L 4
IR E A IR IRA BT SEBU AR 6 IR ], ARz R X S

325 EEEFEIRENRIE

WRAES. SN T AR AT/, B TAER N R BN, A e 2ot
Pt o AESEBME IR, P 3 FEL 2 B0 V00 SR sl 2 a1 F) PR A5 5 R A
WAL T RAE A b, R SR A FARORE A S N B A R B R
Eo WEDTAS BB AR, R E6. R S KRR, R BT AW
JZ2 ) P2 S R PSR AR F 8 ) L J0ONE o 81 VAR X 8 5 i Y P S PR
KA, SEHU HZp 9 A, I SO BRI RS 3 56, e AR iy
PR IR G A O HE IR ) 2

F T3 5 3R 3 (] 5 ) A0 m] R 5 I L AR S AR N U B AR B 5
FEZM RS LT = A

1 HLRH IS IS, YR A R B 22 AN Je T BRAR AR A%, B A LI P J K
S, BRI SR R R SE RO AR (3.5 HUR RS R BHIEAE Ry £
Wi JZ B FHFRAE Ry 19 1000 1o HRHE A3 BCHLFE 20 Fs U8, =4 in B i R A

L R L VILC 20 9IRS R VDC 1 20100, TR 4T

VLC = RLC VDC (35)
(RoL + Ric+ Royp)
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2. BB RN, VBB R T C R e AL, B SR B T A2 )
W T M E RN, &7 2 PER PR m AL, MR A R, #
BTN Sy = AL S Rt R WA B v | T o N R D e RE T RSN = N 1]
TH BR B B RN . AT L X ) A B BB SR AR S B . AN
JEe A, I ARG O A R R T R A B . AR 3.7 B,
M AR, SRR T R R AR TT RBOE B T T BT S
AR R S ENARAL, H TR T A ARG RN, R 2 B A TR
T ¥R o T CASR AN 7 AR S ) F s RSN AN 2 SN D AR X 7 5 1)
fEM .

(®)
s
‘%B

OOOOOOOOO
DOOOOOOOO

OICIOIOICIOIOIONC)
PEOOOOO®®

Bl 3.7 W TR AN R B

3. WU OR T VAL T BV F, SRS IR A T R R, W
SO RS

Cr LTI, R P U o A S B PR T (5 5 AR SRAT 1
(O YRR B8 A 5 5 2KHz TS, 55 AL 50%, AT EFE g
0w +10V,

3.3 EEmBINUIRETIE RS F T
33.1 EARBTEHMETIERIE

T BT SR G AR AR R AT R AR FE TR IR G T 8. 54 L8
FRANIE], VL G 7 T I i R o) T e P SIS IR D R VR R ) R L
Prof I B o 3X — OO I3 s T BB G 38 I AR 03 L R s (Rl A mT S, AH G A
CFE ESCTEH B o ARSI B vt IRV L B A SR AR A5 i An 1E13.8 s Hor
PRI P AR T 00147 . LA R T A28 AL, IGEAL R T7 7 70 38 Stk
N 45 FERRIAT S AR DA 90 FEI =7k 2 — ik (656.3nm). Sl 135 &
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B3F AT A B KR E R M

/ / /R
::::::,g: :::::::::::;é:::: T R
IIIIII/Z:Z ZZ:::::/:I: . R
______ % %, B sz
L] msms
A 3.8 A H ULV

IR 5 AR DL OGO 45 FERIMRER IR o S5 AL mf B R (A0S 3 22 DA K 2
A, 5202~ AE MR . £ T BLEEROy— M
A, AR N R R 2 A R R E se  R B AT LU 3.6 .

S" =Py Ry 45  LCVR; 45+ Py (3.6)
FIF Mueller 55 FE R THE A OG5 S5 AR C RN

1
1,,= EIMCOS2 (51 + 52) (3.7)

oA R G IR B ) N BRI RE IR B R, Y S AR R R DA R BB IR
FEAE, &) N WS (L IE IR & 6, 5 IR R R AR E BB R 8, (v)o
— B, BATRIF VA0 IR0 NI S 3% 1037 ok 2 50 8

) [ndo(no—r%)

A

T = cos

+%w4 (3.8)

MR 3. 8 R 1, e 3 i vy e Xk I 14 98 K B VR e P 9Kl P I ) RN T A2 A o )
JH 5 B S B RR  0 0' 3 i R R 8
332 BHLLESMOTRSHIER

ARV TR A S B 2R N T Ha B BUKPH BB B, 12431
BARBIH R ER3 2R .

TR BN S5 B FL Lyot FEA USSR IehI A, B39O 4R &
Bl T BRI S g E BT A R I, R R R e TR B A T
B, TESEPRTHR &GS AR A TGS, R 7R, DA B T4 4 2
ANVCECH RIS o 2 BB 58 B 78 B 58 (i B R R 1005 mR I8 s 5 o0
B R NRKIRI T . B F R AR LU LA I
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R 3.2 MR RIBLEEEBRHER

febr WS
K 656.3nm

AT (FWHM)  0.05nm

HGi%iaE (FSR)  0.8nm

WA T +0.2nm
BT R R AL
Py U > 10%

L BT FH B W IR, BT it P L E T8 i G
B DA o T A e O R 3 T A 1]

2. BRI TS AL BT S5

3. FEDEG A P i 22 A el ik B3R DA K B FAER R, — T SR LI 4% P T e i
e ES P R 1) b e GRS (RSN S Ip e A

THuth [ 1304 U hteAr [ st i I sz I BT

I
|
|
|
|
|
|
|
|
Ho HH|—==—
|
|
|
|
|
|
|
|
|
'

B=ZR ' B ' F—% C BNg %2

& 3.9 M ARt AL A A

4. B ILRIECHIT A B R R, N TN T e, A
F T PR OCRIIEAZ f AR O Gk e it A B8l o Dt e Dot I BEA5 1) 78
GAIEELLNS S

TR B BB H LSO FEAEMEIINR3.3 Fivn. SR 5 S HOE T 5
— SRR T, 10 B OGSV R A AR R R e . R IR 4G A
B LA J B REE T SE A S, BR I S R w2 SR O

1. kE4e% (FWHM):
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3 E R IR R SR EE T

R 3.3 BRIt R IO R TSH LR RR

ik e FEIRE  FSR[nm] FWHM|nm]
% o 5866 0.1 0.05
H% Ao 2933 0.2 0.1
ot A 1466 0.4 0.2
EAUESG A% 733 0.8 0.4
BHAK A 366 1.6 0.8
TN - - 0.2 _

Y a3 N S/ ]

ki HN42HE - - -

R K9 - - -
W4 3 K9 _ _ _
12
Adpy pay ~ 0.886 | ——2 (3.9)
2n (no - ne) d

Horp 5 £ <0.886” A T (A BB B R T o
2. HHGEVEE (FSR):
2
Adpgg = M (3.10)
d (no — ne)

3.4 RSB IELIRREIRTN T

A O e 9 AR SR DA R B e A BT SR B ) A Ik T T, A
YRR Py 5 B JEAT e e P A5 R ) B KR Z2 oKk B T 23 1 [T B R B
R s R ) e Ve REANRRE P o 1 P R I AR HE IR AN e Bl 1 AR E
PEFE VB BG4 T SR N SRBRE R P INR ZE YR o A TRE X A BR ZE YR P aly
KB FEMA BEAT S0 T o
341 REEFBAERIRER ST

MR BT A 39L& 3. 107] Ji, Bk Fr AR A IR IR AR 2 S A5 T
A ARG L L R A AR, B B GG VE DL GZE L v 0 B R
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Wi o 3.8 R K1, A A AL EIR & 6 iRl A AL R R AR (k=1,3,5...),

d (n;—ne) +6 = k-x

2
BUBRBEB AR AL IE IR By 6 IS LR LN Ag, AR A AL SE IR AL 22
&y WX RO Ay MRS 203,117 DAAS B 1o 7 oo O B K w2 5 5 W
AL IE R EAFAELL R R AR

(3.11)

d - AL — 4
51 3 50 _ Tag (no ;llell)o( 1 0) (3.12)

BB, TR RSP IR R, BRI T H AR, i
EIEE TS 404, = 45, I LREL:

%

Aﬁ:j—[:l;(;‘g—:—aA5 (3.13)
AR 203 13RI AT 45 HY B ZE G 48 1 7 0o B A 5 980 P S B TR AR A B 2 ) o
TR R R XT3 9% N 0.05nm [ L PECRR M &, B i KB
0.05nm I, XF RS —ZOR AR A BB AR AL 90 BE, B8 AR 45 i - ARIRDLZ
IR RN, A 5.625 . MWHATLMRH, IR %R (kR
FE SR 2P R AR AR AL R AR B AR ARG 2 BN LA P B o W ik o 7 S5 S0 VR
B #4852 A1 7 5 MR PR AR A rhR] DU 0t e P A A S8 3R AR e 1 1) ) 4
R 313, K58 FL s i iy i AR BT AT, AT R G 2R
BRI RS
342 REERBUBIREL S

FE VR ) TS AT 0 B I8 Py 1) D't i 2 i X 5l P s B Il B A
A, N T RN IE OGS ERE R R, PR T AERIRZE A L
. B TA A Mueller [ B #HRARRFIR T AL A S 1 IS REBON 0%, FTBAAE
AR R A Matlab BUEAR U R VEXS AN G AL A N s 8t s B I R BT A AR
WARERZBEAT T L. WU RS, BRI T LS A A&, MR
e IIE L R FRREAT L AT, BEUE R A3, 10 s IEIRRTLAE Y, sk
Fr 7B R ZE T AR AN 22 38 GG A B 1 D B B S, (B 2 oM B AR B T
WX FRYE DL A GE I 2 i id 2 5 50 Bl 7 B (06 RO R AR 3 471
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| |
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021 [

0.1
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o) — JA\M_Agg.L‘;ALA_ S === B 1
655.8 656 656.2 656.4 656.6 656.8 657
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B 3.10 7S L AR AT B ARIE T R B HU R M AR I 45 R

R 3.4 BORB T TN A REX PR BT R IR

TR ER POLREN R

0% 1

2 0.99
45 0.96
6 ¥ 0.915
8 J& 0.85

3.5 ARBNEG

AFENTE S T AT H PR AR RS LR VR 701 R 45 R R Ao
A, X AR 17 51 BB R TR A Pk« D652 85 T e DL R A L
BTG 5 2 B R AT WA el 3 BB SR B A, DA B [ Y B 1 AR
JFEL, SRA, EEZRE EAOCE I ) o T PR R Al E5E 1 B0 W
P UEI A AR BEE, IR IE A BT B S SRR bRt AT 1
o i, MRABBEER WG PEIT e 1 I 2R UL SR i o R B R Z2 U 1Y) 7
B, 5 S AR AL E R L RO AR AL B 5 IR a3 1B 1 R BE 2 IAAFAE AL R
N VR SE R RIE FE B A3 O B ) B VR KA
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BB P R PERIE 7E DA K B8 e g BEHLE A g i 1 A R BOR T BL.

4.1 JLMERRKERNE5E
4.1.1 Famik

Jeamyk e I R AR GE L e E,  JFARYE EE 2 U SR DR A A 2
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8 MR A NH4.1:
I, = %I,n c0s20; + sin2 (65 — 0,) sinZstinzg] @.1)
TR TLMECA H DG i B i T 48
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F 4.1 7825B R EFE B AR AL HL

Item # PIA25

Travel 25 mm

Typical Step Sizea 20 nm
Maximum Step Sizeb <30 nm

Step Size Adjustabilityc <30%
Maximum Step Frequencyd 2000 Hz

Backlash None

Maximum Axial Preloade 25N

2 mm/min (Typical)
Velocity

<3.5 mm/min (Maximum)
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B 413 2z — R ERENEME

& 4.2 BRI RGN EHEE

Measure Times

Position 1 2 3 4 5 Average/[A] RMS/[A]

Up 0.5004722 0.5006111 0.5005833 0.5005833 0.5005 0.5005278  0.0000621
Center  0.4998333 0.4998056 0.5000833 0.50001 0.49988 0.4999139  0.0001130
Down  0.5004167 0.5006389 0.5005 0.5007222 0.50066 0.5005722  0.0001197
Left 0.4994444  0.4995833 0.4996667 0.4995556 0.49972 0.4995056  0.0001000
Right 0.5005556 0.50075 0.5006944 0.5006111 0.50075 0.500575 0.0000933

.
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