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Abstract; According to the urgent requirement to the microminiature, lightweight, and staticize on Fourier

transform infrared spectrometer in the field of environment, medical treatment, space exploration, meteorolo-
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gy, military and security, a spatial modulation Fourier transform infrared spectrometer based on MOEMS micro
multi-step mirrors( MMSMs) was proposed. In theory, the physical model and the optical principle of spatial
modulation Fourier transform infrared spectrometer was built and researched. A method of leaving extra pat-
ches in the boundary to suppress diffraction noise was put forward, and an algorithm based on the least-squares
approximation was proposed to correct sampling error. According to the analyzing on the fabrication accuracy of
MMSMs, the dispersion characteristics and the transmission efficiency of the beam splitter, the design method
and the technical parameters were determined. In the core technology, three different kinds of manufacture
method of MMSMs were put forward. By ways of analyzing the origin of the error, the tolerance of two MMSMs
was given. The two MMSMs were completed by the method of electroform, positioning of the growth multilayer
film, and inclined plane method respectively. In the system design, the infrared collimation system and ima-
ging system were designed and manufactured. According to modeling simulation of the whole machine system,
the source of stray light noise was analyzed. In the interferogram processing, using zero crossing sampling
model and image segmentation algorithm, the sampling sequence was obtained. By interpolation, zero filling,
continuation and convolution of the interference sequence, the phase error of spectrum was corrected. After
that, the spectrum was obtained from the interferogram via discrete Fourier transform. Finally, the integration
and coupling technology of the system were researched. The characteristics of infrared spectrometer developed
in this project were as follows: Firstly, the moving mirror driven mechanism and the sampling control mecha-
nism were cancelled, hence, micro-miniature and lightweight were realized. Secondly, the spatial sampling
mode through MMSMs increased the stability and reliability; the characteristics of real-time sampling de-
creased time wastage and enhanced the optical efficiency. Thirdly, the MMSMs fabricated by MOEMS technol-
ogy increased the sampling precision. Therefore, the infrared spectrometer designed by us has a great applica-
tion prospect.

Key words: infrared spectrometer; Fourier transform infrared spectrometer ( FTIR ) ; micro ; Micro-Opto-Eletro-

Mechanical Systems( MOEMS)

B AT AR, LA AR B

FURE 5 RO T M R T

B T B A5 06 5 1T A 4 W4 A 7 Al R
B 20 tH28 LA , LM B A% Wik g — T i MR R4 AL T R ESAE R T TIZ N

B e o R A s o

SRR 48T T LA, A 490 R 0 A — I

TR | BIHZE AN R0 52 4 T4UR 55 T

1 31 =

UTAFESR , B — L6 5T Bk BOR AT Y H B
FIR s (RN 8 PRI IR PR i ds AR

SRR ST B, AR B BLL MRS FR il
TR SR RZIE AF 5 B, 0] IR E 1% 94
DN J5 35 2L 2 K 82, DT S DRI 0 00 4 T ) 45
o FIIZLANETE RE AT LI g 4y i idE A 7 7 1
SE T, AT AR AR ) SO AT A, X T
T AR SR T, B — 2 oy B 2l I 2 T
SYBRS Y, AT LUR LD gt AT I 5E . 20
SMCTERE AT LU T 0L A WL RS9 BL L
&Py o3 A, el LRI TR K, R IR

I A=k AR TR U GOK BSR4
SRR EDTFER AR N, i T R IR A VIR
SEAE IR SR, XN AL RO AL A REAL R
JE i ATREPESER T TSR AR R AR
SERTIOEIE RS B T D R R A
T H AR 5 H AR B G L I H 1%t B
TR TN R 2 ] 3 e B A 2 SN
AR FE . PRASIT i A9 635 ASCR] TR e B
B SHRPEAE T2, S TR R



2

GETRK , A - 25 6] ) G A B AR 2T A AT 279

e, B BN R AR R MRS
5 A B PRAE DL, R AE AR G SR 5 0
T o B T IRAT B i 9 R O R 3 2 A AR
FH[AH] o

2 RKEMR IR

TR 23 [ea] 8 ol e B o 96 21 1 S35 (FT-
IR)7E45H FEE M TW RS HEHRSE AR
45 IR ARG LI BRI B AL, H LT
RGN T R G, T8 WA 2 B T
S —ash g, EERSSHRRGR
BG5S SRR L AR RN Hon T
PRI PR, SR T MR 2T AME I 2R EA T T R 4R
K1 TR FTIR IZ5HR B, TR R G, W
AL AN TR B A 5 B0 22 SR AR B M, ML,
BT WA MR I B T % 503 e Btk T
SO AT SR . A 2 U R B
M &k M, JE3 43000k d i d, AR AR bR &
WV o,y TR IESCHUE

Micro-step mirror A, Micro-step mirror A,

Collimating lens I ¥ 'E":

Bl =S [l ] FTIR 25878 7K

Fig.1  Schematic diagram of micro spatial modulation

Fourier transform infrared spectrometer

G TAEIE A 2 fros Sk i el
2 BB LR A B0 A b, Oy AR AN
35 AR AR B RO 1, — ROy A I
SR RIRRA M, , 285t M, BB IR 017 SRS
73— HOLIE L T RARBE A M, , 22 R [l
oW, JCHRAEZS ] LW 2 P S 5
J M7y, WO AR B T 5 #55 A — R B A
AR TSR] 2 1) 64 1 88 D6 B R TR I
Fe—E MRS, DTS2 B [R) 9 9 -+ 9O Y

23 ()43 AT RGN 2E TR, B PSR
SRS BEAN R B S S %) LR ARG TE 2 [ AN [
TR EE TR,

Micro-step mirror |

Micro-step mirror 2

Light source
= | < HI
Collimating lens
Imaging lens
Detector array

K2 iz )] FTIR TAR R B IR
Fig.2  Sketch map of working principle of micro-FTIR

TR B BORAE R BUNDOLIE IR S, Bk ]
B d AR 8 T Re- AR E B O T RO
Z& FANE I B A6 T6] B 7 35 2 B Ak B d = M x
do WHE— 2RI RN P8O «, 56 =2
P BRI B BON U8 E 38 (e, y) PP
X R B CRE 25 H

8(x,y) =2(yd" —xd) =2(My —x)d. (1)

FE, 7T 00 e A R 1) 2 )l A 1 — A
M x M BDEREZERAERE S, SRR PR A =24, I H.
Son AOCREZRSRFEF RN n = My —x, TIFE
BRI HE TN L B RAE R 22 5 ER I L
XN RE AR Z R T W IR DG, B3 3 x3
RO RS 5 T BGOSR R B

y

6A TA 8A

3A 4 A S5A

oA 1A 2A

X

K3 3 x3 RO ERS S T RIGREE
Fig.3 Chart of OPDs array and interferogram image in
3 x3 mode

H A R A o o RO 5 TR
JI L B PG s OB 300

IIn(x,y)] = J:B(V)exp[]Q’lTVnZd]dV =



280 AlES DR

F8 %

LwB(v)exp[jZTrv(My _2dldv ., (2)

Kw =174 AAGDOUE S B2 BR B (v) H
AR S R PRI OLTE) .

SR TR RN S AR DG it A5 B, TE A R+
IR E AR T 3 R R SR &, S
W LU AR5 PRI , i 8 i X 138 R R B P 471
PEAT B AL B AR 4, st n] LA U A B ME 5
O E R

3 HERHR

3.1 SHMRHRERNITHUE ST

23 8] 3 RGERDL AL T LA ), B —
AREET WG ICH R i L2 X B P~ 2 2
P B S8 BT ke . FELL MG B, Z2 R0
SYBE G B R SR /N S ECR JEOLIE P B
TSRO 5 L Y e s DABAE S AT 0 AR, 38
IR AT BE , T AT S BON AR AT
i e 2 PO ST B I RS SR

5 FEAN R £ [ S S 1 5 B2 7 A I AT S RN
TR KN 10 pm BR[5BT 1 96 5
IR B TEAE R L, & 4 Fros . AR rpar L
A HEH A S /N T 0.2 mm B {550
TR EL B B AT SEE R T 1 mm B
JCIB(EME LR T 50, 2 50 Ear A

200t
150+

=4

Z 100+

of =-

0 1 2 3 4 5
Width/mm
El4 ek EE S SR TR RO R 2R

Fig.4 Relationship curve between spectrum SNR and

step width

HESOLIERDLE S MEBOCEROLE S A
IR S BE B AL HAT AN R 19 R R 2= 5 1k

OGN R B, B AR S R ES Ah i) T R
SRS BCHE T AL A OGS 2 I i

PR Q , AT 23 A AS [R5 B B 0 &2 DO 3 Y
S, TR N TIESOLIERDOLE S fE2
TS S BE BT RR S8 —RE ROTE DL T AT 55 BE B
Z RIS BE A BB 2 B AT BN A 8, A2
JFOGTE SR R LM/ B AT S B A 3, 22
PO BE A 10 % (1 T S 3 5tk , B OGS R H
U, DU R 0 T B OGO
=, gk T W R B R EZ UG, 5 ESOLE T
Tl HA KRB R A, PRI E =
LIS R SR PR AL Q SRTI I B A SC R WA S
N

0.8

—=— Continuous wave number source
L —=— Discrete wave number source
0.6f
g 04
<o
0.2
0.0 . . : : .
0 10 20 30

Distance/cm

5 lus S it o e R 5 AT S 8 11 DG R I &
Fig.5 Relationship curves between the spectrum quali-

ty and diffraction distance

T LG B HOLIE DL (5 5, B
TSR B A B, D 52 5 i o BICAT S i A2
7& , i BB HOEHE 55 LI & I i s8R T
EELDLTEAR S 1O S R R AL, W RS
BEXESOLIE I RRE ) BEAT R R AT R
GESZATT S A R L A 2R 2R G A 2
ARG B A I W) 2R G 4 03 B RE T 32 AT A
IR A K,

ST PR B G i S AR A AL
SRR, P SCHR H — ol BB b 340 4 5 12 A 30
i 12 B B 30 R SR AR R AR A S e T B B A
AT, SRR AT AR A 10 em &b
ST S E R RO AT BE 25 em
Ak (9 52 DI T W P SRR 3 A ], SR i —



#2

GERRK , A5 < 2 [ Al SR ) L A T S (U5 281

A AT SR U S0 22 9 65 B A o
buke LUl S LRI

3.2 MBEEMNIFEHEREREST
SRS BRI R TR B R A
ARRAE R AR B 2, 3 B DL Bk B, N
I, AR G B R E R R TIT R, &2
P B G W B2 UL 0. 625 pm 4Pty bR
HEZE N o B IEZS 0 AT AT o i T 5 B e

98

94

90

seb . . . ...
001 003 005 007 009 0.1
a

K6 LTl OCRE AR (w22 1 OC & i £k

Fig.6 Relationship curve between spectrum correlation

and standard deviation

3.3 Wpp=EaTEES T

MY B B O A —E R A, 24
H e HE A T TE R BR T ZE M 1 AT
SR G Z 40, HAh W3 0 F AT R 50k
AT —E e £, D HGE I T R G AR
e 2K 2 B S A VR T SR KA
3 wmPIERESEAT 5 B, Y ST AR M 0.2 rad
Rk I 7 A4 6% SR R AN 1 8 B, RS,
SEAR R 0.2 vad B4 G IR BT XTI A9 56 1%
IR 125 em ™ IS BRI E R,

BEZE Y R CUR ST AR fl 3G, B OGS
LR A T AR S | TR B RS A HER AR, O HL
Jeik BT g, HIE, TR RGOS
AYBER R 208N RGTIR A ST AR A (H 8N
ST ERE R IRR GG E R, SRR
RGN RG2S HOGAE MR | 3 U 75 1Y)
FEAENE BRI GIE (S S E M LUK R, ek
FE, I, T LA R R 5okiE
AN R RR Y RO A SR A . LAk
PR £ 00 K/ INB 4 e R i) R A B e

R 26 [T — S SR A (1) o AN il L SR R LT o | A MR
FH SR PR B AR e A RO . AR R
S OISR p FE AP R AR KT E o
ME, SRS R REZE o 506
B p BRI, K 6 Fin, MEREFGIE
HEOLE MM L p KT 0.95 B, o W /NTF
0.06 wm,

h T REAR 2 RO SR AR A R i T
KRR S AR BEBOR #2107 — R R T A/
TIRIA B IESIE  BE R B Ak T
IR RUE IEAE R S R FEAT R BDOGIE R B A
PR IREA I PIRE. E 7 h(a) Sy HAE
TG, (b) Ay 2R FH ek f B i A5 46 b 3 ) 540 S5
T, (¢) R 2R FH— 1 B 2% 470 1 A 3L 1) 3 D 0 i
(d) R/ N3 G AL B IA J5O T .
T, /N AU A R AT A O CIEE R AT 2
LT LIS o 4 0. 12 wm (25 G000 S48
SRAER TV BT ST B A 16 R

BRI, B RO R R SH /I | o 3 B AR I B
WIS7 AR f N, AEARIF G, 3 3 bR R
4 IR A SR £
3.4 FITHREEEHEST

FEFRRECIRAS T, v BL R Gefi i A — Aok
W T, (R TR RS
1R ZEWNAALE, BB CHRAX T AT R S —
JE I R B, DA 51 S B P T 7 8 i s il
EifassR TWALCEAES N, 2L SEHT
WAL L R A R R R U SR
ZHRFRMZE 9 s,

TR A Bt DA 22 R SR R AR AL,

PR A IR (5 6 A 20 O, PR35 28 Ak 1y S 1A
SRR B T B — AT B G 25 (Rl B
AR AE Ry — W 5 0 T ke 647
il 3 ] i A P A A 2 3 Ry — R A Y A R
IR R s O AR T O PR A O RR 22 DT &2 iR
it b= A — AN A LA, BRI AH SR 22
Z A AR L an &l 10 s,

RREINAS AR BE 2 YRR 25 52 o R I 4R 3% A8 4k, OF
LR B W (B Pt 5 DGR 22 O B i3 k. 24 B



282 W [EDE2E

£ =
o =

Spectrum
= = =
ey

2
0 -
0.2 0.25 0.3
Wave number/pm ™’
(a) FLA
(a) ldeal
1.5
£ 1
2
o
2
v 0.5
0
0.2 0.25 0.3
Wave number/pm™!
(c) 4
(c) Interpolation

ERES:
1.5
g 1
2
2
o
v 0.5
0 i i
0.2 0.25 0.3
Wave number/pm !
(b) HJeid e L% 46
(b) FET
1
0.8
£ 06
151
2 04
72
0.2
0
0.2 0.25 0.3

Wave number/pm™'
(d) de/h el
(d) LSC

WA N b p =0 N RE BT R RE B

Fig.7 Recovered spectra reversed by different methods

1
= :
2
E 0.4
E 5
2 0.2 k
0 : -
0 0.1 0.2 0.3 04

Wavelength numbers v/um™!

&8 SEARS 0.2 rad Xt A E BRI
Fig.8 Recovered spectrum with solid angles 0.2 rad

QEARIA R F, ARS8 1240, B R A
HRUCHAL T 2R 8O B R A S e . K AR L
F% 205 BT Ot X T OL g R SN 5 BTk,
R 2 B KOERE 220N, T K 7
BERIENR, th RGN BERGRAG IR, ol LA

Av - A
R BB a< [t XA
(27 +57) s

RY, W ARG SH, R RELH R o<
2.2 mrad/mm,

0.26
0.25
0.24¢

0.23¢

@/rad

0.22f
0211

0 200 400 600 800 1000 1200 1400
OPD é/um

KO Sl U5 25 2 18] (9 56 R T 2%
Fig. 9 Relationship curve between divergence angle and

OPD

3.5 RGHBRESHHIEST

1 T2 [R1A H B FTIR 7863 B4 1] 23 (8] [7]
IO A R 22 B 91 1 130 R DA I )
LAl ) R L P AR OGS A B, BORMEEL R S
P D C S RE LA A R R B Sk . AR
V- DI B RE 120 A AN 2 5 W38 [ (R i =
)37 2 B 221 068 1 % 6] fig ik 4
A A 11 7€ 19 A bR R, 23 A1 eR 00+ 9 O
SR AR DR 22 G A T 5 2R SU R X U RE T B, T



GETRK , A - 25 6] ) G A B AR 2T A AT 283

%2

4t
3.

=

g

< 2
l.
0 A A A A . ,
0 200 400 600 800 1000 1200 1400

OPD 6 /um

P10 BEEINAZAR 5008 22 Z [l o Rt 2k
Fig. 10  Relationship curve between additive phase and
OPD

Pl il R B 2R an P 11 B

1.0
0.8
0.6

—_—
]
e
oy

0.4

0.2

00200 200 600 800 1000 1200 1400
OPD §/um

BT T ] RS et 22 G Rl 28
Fig. 11  Relationship between interferogram modulation

and OPD

1 PR ] R RSB DI AR 2 A T S v 40
P i) AR B ) B 90 1 B X FE BEREAR
TP G XS FURE T B W

oA BREON T R AT 1 R, B T
WIS FERE , IR IR 20 AR 2] 70 A 190t
BEATPIAIE W s — MR R RS IR AR
T RGBT, M AR S 7 A L AT T
I

4 FABAFERHIT

4.1 F-ZHBRHRSHT FESNIL

A 2T R - AR B, 0 B il e T A
NP RS, RIERHRZ 5
Bref &t 2R, A B/ — R AE FIE W LIXT o
0. 12 pm 12 SHBER L1 T 18 P 51 2547
ARGF TS AL, D IHORE 22 G A0S 36 B 1 B S

RSV E N 0 <0. 12 pm, K MOEMS
FARGIE NG 6 2 B ST, LA 2
ARG KR

FESE R b B 1 R ) 4% 800 06 20 R A7
Z BEE AR AE T2 ORI Z O R, 342 L)
BT HICHIR T G M A TE BE R IR Ry L/
21 \L/2% e L2 Gl TS n RIGZI ] SEEE 2" A
S B REBIRIAE ) RVE R AR A 12 FFR

]
(a) %
(a) First lithography

(d) %%
(d) Second lithography

(e) IKBEITERL

(e) Second film desposition

(b) — IR
(b)First film desposition

(f) DY 2 S i

(f) Four reflecting surfaces

() —ER IS

(c)Two reflecting surfaces
am— — - SN A

Photomask  Substrate Photoresist mask Film desposition

K12 20 SRR A
Fig. 12 Fabrication flow chart of micro multi-step

mirrors

(b) 4%k
(b) 4 steps

(a) 24
(a) 2 steps

(c) 8%
(c) 8 steps

(d) 16%%
(d) 16 steps
B3 b TR S A 2 9.4 9.8 LA 16 2
ELECLPEZ. 3 GRS
Fig. 13 Structure of micro multi-step mirrors with 2
steps, 4 steps, 8 steps and 16 steps by elec-

troform



284 AlES DR

8k

lVE 58 BT e S8 ) 2 AR R I, R
SRR 5 [ AR b 28 P B 2L A i SR IR S A
PP, BRI AT A5 2 58 B 19 2 U S B 45 M, AN
H RT3 T 2 A LS BT 2P L 2 RS
— 2R, K13 2R BGE T AGIER
T2 P A G 8 HA 16 HEMEERIB S —Z2 %
USRS 5] 14 J2 H 85 T2 IR S8 i 28
PN R & 32 RE M —%
A R S B, BT 15 2B S e A
K, FH KLA-Tencor P-16 + 5 XX 2 92 i

K14 B T 2R — 2R SRR
Fig. 14  Picture of the first micro multi-step by electro-

form

K15 BEIESE
Fig. 15 One step profile of micro multi-step mirrors by

AFM

Height/um

5 10 15 20
Scan length/mm

K16 Z9RUR ST G B KA
Fig. 16  Steps height tested by KLA-Tencor P-16 + pro-
file

SHEER G B BE AT, an & 16 iR, A
e BE MR AT Ge Tt o T, 5 W BE R 4 Ry
0. 623 pm,FrifEZEHR 0. 049 pm,

Kl 17 A5 B g S K, 2k KLA-Tencor
P-16 + 5 W00 Z QU SR Y 6 B g BE kA7l
W, A& 18 s, il X) & B s B A AT STt
SR, B R E K 0. 625 wm, fRifEZE LK
0.069 wm,

K17 HBERE AR R & e SR

Fig. 17  One step profile of micro multi-step mirrors

Height/um

0o 1020 30
Scan length/mm
K18 RS G e I
Fig. 18  Steps height tested by KLA-Tencor P-16 + profile

Surface statistics: 448.4 g 612
Ra: 159 nm
Rg: 2.10 nm _
Rz 1885 nm
Ri2438nm 3000 S 10000
Set-up parameters.
Size: 368 X 236 5000
Sampling: 1.64 um 200.0 98

— 0.000

Processed options:
Terms removed 100.0 3§
Tilt
Filtering
MNaone

0.0 1000 2000 3000 400.0 5000 603.6

K19 Z9BUR ST BRDRE
Fig. 19  Steps roughness tested by WYKO interferometer



42

SRR, 25 - 23 ) il G A L AR g £ T S AT 5 285

FIFH R 5 5 40 B AL (WYKO T #54) Xf £
o I B 114 o v A I S T 3 T RELRE R A T T
M, 19 Fros, Ik 2R i 7 H 3 TR R B
7 2.10 nm,

4.2 FEZ_ZHHRHFEND . HIESIER

P T4 22 G R R B A e B A v, R
T TR MO THAREIVE, AR T —FhreA}
17 VRS — 2 B S B AE 2, i ad o Y
AR 5 BE K 2 (6] () Je AT WL — a2 B R, ff S AR
RIS 2 )7 A — s AR B i
KA G S DL R 118y e ok s
LR B RIAE >, & 20 & FH AR i
VEZ 9 TR s B

120 AT i 1 22 BRSO B T IR
Fig.20 Fabrication method of micro multi-step mirrors

by inclined plane method

TERVEE AR i T2 A RS RE A R A, 2
— R SAAERE S ML, WS m 2
Fr AR X T BAE R A 25 0 & (m) , %
S TR A G T AR S S TR AR R 22 R 6
(m) AR R ZE AN E] 21 PR

/.

g(m)

:.B_Em)

Bl21 BRI R A JE R Al 2 15 Ot 22
Fig.21 Thickness deviation and angle deviation of sin-

gle chip

X 32 RPN BER UL, & A 32 Tk
F TR RE R 250 32 T R ff IR 22, % 64 45
PRFEEAR K Monte Carlo 7 K HEATIR2Z A
B, 38 ARG 1E J pR A AT SR AT, ]
DISRAS Z R IR A 1) e 5 0 G IR 20T
R FGIE R W ge R g 22 R,

300

(]
=
=

Frequency count

00 0.1 0.2 0.3

Q

K22 Oliid a2 it ek B ge it BT R
Fig. 22 Probability distribution of spectrum quality

function

B 22 NIEEREZ o, =1 um, fAIEIRELE
0,=2x10"" rad B ,FER 1Y & 5 0 FEHLIE S0~ A=
OGS A B i s KL Q WGt E TR, gt
BEERT LIS 2] Q 1 d5/ME SN 0. 003, e R AEH N
0.320, 41 H1E M 0. 084,

R XA R EE bR 2 o, S ERTEX o,
PG & DR PR Q ST T IR, AT LA 3
i A R T SR BB o, 5 o, AR 1L
1O, ANl 23 s,

T 06

g, /um 04 0.2 L X107°

a,/rad

K23 Ok & Jat i i ek i BE TS i 22 5 AR R i
ZEHAAL
Fig.23  Relationship of spectrum quality versus thick-

ness deviation and angle deviation



286 W [EDE2E

8k

DT A T O B bR R VR O 2 R A D 2 1Y
KR LIEE R R e R, HILIKIR Q
5o Mo, Z MR BT RS RGN Q
(AR B TR i 2 5 A B I 22 28 PR, A 2R
Q <0. 1, 0 JE B2 Al 22 5 A B it 2 BT 2 o, <
1 wm,o, <2 x107° rad, KHAHIEHIES £
P B 24 g RHE L HIE RS — 2 R
AT B R

K24 RSB T

Fig.24  Picture of the second micro step mirror fabrica-

ted by inclined plane method

P 24 2] JH AR T ks o 0 L ) 8 90 v S I 1Y
S 2R B IR o KA 0 2 PR S
K H KLA-Tencor P-16 + 15 B % 22 iU 5 455
B 6 B BEEA T, 1] 25 2 6 B s B A
AT AR N 0. 12 pm, H 2R
BB A R AT S0, 24 5 B B TR I
0 N AR AR R I i, 15 vy J3E 108 22 ) 52 013 42 it
FR SR T DL o e/ IR s B G A T A
TR, 2B H AN TR BE R AR AR R 22061 19
ARALIE,

400

200 =

0

—200
l'_\_L.\_| ‘_L\
—400 f—— -

Height/pm

—600

0 10000 20000 30000 40000
Scan length/um

25 Bideh e HE IR 26
Fig.25 Steps height test curve

FIHZF L AT (WYKO T #540) Xf £
AR S B 1 o e A s sz S5 T TR B2 R4 T T
W, ZE T HLRE 2 M 1. 02 nm, WA 26 FTR .

um
Surface statistics:  448.4 ‘ >
Ra: 0.79 nm i
Rg: 1.02m,
Raz: 931 nam
Rt 18.52 nm 300.0

8.000

4.000
Set-up parameters.
Size: 365X 236

Sampling: 1.64 um 200.0

é

[ ]

Processed optics
Terms remov ed 100.0
Tilt
Filtering:
None

6.841

Fl26 k5 M B R Ik AR 9 2 SOOI SR
i J8E 0 35
Fig.26  Steps roughness tested by WYKO interferometer

4.3 A5G RFBHSH HES K

o T8 RGP A X LD A R S B —
SE BISOSORI A, TR 22 51 7 D' R it ) 468 2k
HIREOLH ™4, T ARG E L R 2T
O3 A 5 AN AR R W WSO R TR B9
GE20 TV RGBSR R I L s 27 i
Ro

0.4
0.2t [
0 0.1 0.2 0.3 0.4

Wavenumber v/pm™—!

K27 B RCR AR 2

Fig.27 Frequency character curve of transmission effi-

ciency

i Y S SR IR LR S O 7 B B
{55 20k T W 2 50 )5 9 4 W i, i ves A3 4
(0.1 ~0.4 pm ) WHEFET TWRGE)FHA
—HEL R, FEEL (0.1 ~0.4 pm ") 1Y
SRR H, E T 3 R85 A MR 3R 4 7



#2

SRR, 25 - 23 ) il G A L AR g £ T S AT 5 287

FREFRI G S 5 38 Ry R 3 B g 3 T 43 SRS 1) O iR
ST R, o SR G5R S ST 56 T 6 I 1 3 B 2%
AR At an &l 28 s, THRAR R M ESR R G0
(3% B8R R T 90% B, YR [ 3% R, Fl R, i
ZBREERE MR Hy = 0.9 Pl Bl AY X 3 =2 1
Nt R, M1 R, BLiZ i &2 R, <2% ,45% <R, <
55%

0.64

08 06 t o6 08 !
6 04 o) 7 04 06
R, 02 0.2 R

0

H,

P~

P 28 B HTACR S 0 SR 2 [0] Y 5 2% il T
Fig. 28 Surface plots of transmission efficiency with in-

tensity reflectance R, and R,

T3 A 5 M AR A B — e Y R,
DA 3 AR T 1 T SR, 24 Ht 22 i i e
JS S U 1m0 8 G SR 4 s B A 3 1 D AR AR T
SR A A B B — LR BT LL, IO
T e a2 B — i, IriRna
PR BOR R A6 & A T e A AR
JEFEZE AL B, TS R AS [R50 5 43 1) 8 [
FEE Nt A 2 B R AR IR A MRS
AMENRIIERE 20 Ab =0.2 pm I, JETR 2 W
o AR R E 2R A E 29 TR,

0.1 0.2 0.3 0.4
Wavenumber v/pm™"'

K129 R 22 A% i AR AR AR i 24

Fig.29 Frequency character curve of OPD increment

JCRR2E AL B B E ASHLAE SR By s
BTN, CAR S A ARG Ry, DGR 22 Y A2 H R
DRI, T2 8 fi 22 5 1 1B ) DI 78 2 i A% 2 9 00 3 R
ZELEAFGR AW ER RS RN & 2
JEOCTE 45 25 i 20 2 18] B RE X 5 32 e I 2 2
2 3 1 E A E DR, — 2855 1Y ' 3 R RE 2 B I
JE B i 22 5 1 14 e 22 fi A% 1) (0 BRSPS 3
TR AR T A — MRS A& 30 B,

0.1 02 03 04
Wavenumber v/pm™'

P30 FHOLAEIR A AR it 2

Fig.30 Frequency character curve of phase delay

WA R BOGAE S A SE IR K, HOETE 2%
R, YAHAER LS| m i, T ER T
AABLEE B T2 JR 3 DT 5 |2 0 G O L
B o R LB R B R DGR 5 i T R
SHGHAIOLE 5 T RGN R EFE R, FI,
N TGP GO L BE R B R R R AR S
B R oB RO RN W R A <

1
4 - BW[W—COSG] ’

HI T RGN TR LR BR ], 3 R 5 AMEE AR
SR —E MBLIE R 22 | DT B0 566 A %
TSGR — & MR, XTI E
B IR 222 BT AR 80U B, I AR
T RGOS R . X T 52 RO N 2 R BO6IE
AR 45, BUE TS 2R ) EBT7 10 35085 | A R AT
SRS OGRS 50 B R Y ik
ARAT Ty 1A% 25 T B30 I OG5 Hh L AR 6 12 2%
Mo SAMEAR LA « = 0. 6° I AL 1R 22
BEOCRE 22 )22 AR th e an 8] 31 Frs

M FOGIE T A LR 22383 w I, T
GARAXF LU EE S e HE X LU BE IR Z Je B T




288 AlES DR

8%

et

& /rad
(3]

0 . .
0 200 400 o600 800 1000 1200 1400
é/um

HARER 25 5 ERE2E Z (A B 5 AR 2R

Relationship curve between phase error and op-

& 31
Fig. 31

tical path difference

100

80 1759833 64.682
14000.206 58.891

3752.002 52874

60

40

Transmittance/%

3872449 47.029

20

2262535 31.566

2000 6000 10000 14000 18000
Nanometers
(a) 43 i i i 3 th 4

(a) Transmittance curve of beam splitter

& 32

BUGO s & JEAS AT DTk, AT 350 KO R
ZEMIBIN T 5 R DG 7 BRI A, B AL
e w A3 B H TR 1) fe KOGFE 22, T8 AT DA
BRSSP, KL, B RGEICHE 7 HER g
B, o 5 g 5 0 A2 A 00 AL A 1R 22 B T R o <
cosf Av

7 —sin20 = cos AV

XT ZnSe LR MY LLAM o3 o a8 FAMEMR B3 T
LT AN R G5, FEXT I T 47 0 53 R s 5 Mz A
HEAT T8 3 3k R, I e S R B, AE 3 ~
10 wm P % BE L 22 PN, 43 SRR 1) S 503 3k 2R A7
T 45% ~55% Z 1], #MZEAR 19 OG5R 3 1 KT
98% , anf&l 32 i,

100F 2172797 92.865 14006.297 84.772

S\T L

3 80t

=1 t

8

£ 60t 2707213 81447 10263 384 95480
z I 265384 95,

7]

< 40¢

= b | 2427281 85935

20
U--
2000

7000014000 18000

Nanometers

(b) K A i 2

(b) Transmittance curve of compensating plate

76000

I A S AMERR B R 2

Fig.32 Transmittance curves of beam splitter and compensating plate

4.4 HERGEHHSFIZITSHIE
MR A R R GRS
RPATE, T RGE &G, A4 i
HLARG GO A —E R B, AT 251 R
LY B R 22 A A w22 . T
JECIER R SF B 2.5 mm, RS H B A
0.98°, Ao S 1R 22 5/, HF5 % Al b 515
ZERAT B I AR 2 IEAE AR SR A
AR/ M R G RN = R SN B
Rl Ry Fs B, PN RSB, IE BB AT
PUH 2, #EE RSRS8O 45 R
K33 ~36 fiis, MEHHEERTTLIE i S5
[ AEAT A5 3 PREIE G

X B AR G0 0 S FESE EA T T WL R4 1) i

1~
B

13.16 mm

Ermor function = 3.19329815  Scale: 1.90 13-Jan-11

K33 HEERGERILHE

Fig.33  Optical layout of collimation system

T, T e 8 B b AT 7 v, X E
RGP T BB AT T BEIE B 5 S 3B Bt
TR LRI KT 98%



SRR, 25 - 23 ) il G A L AR g £ T S AT 5 289

Astigmatic
field curves

Longitudinal

spherical aber Distortion _

Angle/(") Angle/(7)
0.4 .46
0.35
023
012

100 0.0 100
Distortion/ %
13-Jan-11

002 0.0 002 —002 0.0 002
Focus/km Focus/km
Mew lens from CVMACRO convewlens seq

K34 MEERGRIBL G E

Fig.34 Transverse aberration of collimation system

TANGENTIAL 1_'(':]'\'.':";0 SAGITTAL
5 chd beyght 5
o ] 0,400y u
o s] | 04
085 redative
04 fickd heaght s
] 0350y | -
os] o
0.78 refative
08 fickd height as
| e |_
os] s
.50 relative
03 ficld height 05
| 0230 |
o ‘l | 05
000 relative
05 ficld height 03
| (000 ) I_
asl [ s
;ﬂn lens from CVMACR SR00 0000 m
cvneniens. 400000 am
(E wal Ell differencolwan cs) —— 3500.0000 nm
Trlan-il

35 WEERSGGZE

Fig.35 Wavefront aberration of collimation system

New lens from CVMACR s s T clenph Weight
piveiitai) ot 023 | o 1
e N MTE 0.5 fiekd (03
DIFFRACTION MTF 08 Bl 1035} | S0 mm 1
[TETTSE =1 Lnfiekd (0.367) [ 350008m 1
] DEFOCUSING 000000

2 ar

5 ) 1 126 M7 Ik Y
Spatial frequency /icycle ' mm ')

FI36 B RGE A ik PR AL
Fig.36  MTF of collimation system

4.5 WRERFHSHZITSHME
BT A REE 5 4 x 4 pixels, 45 K
REMKAER A B=0.12, M FHRRGE, H
XA OIS AR R £ Bk A TORBOEA T, 2
PREHEROTBOR, BRI AR AR B R
ZIEES R EME T FHRERSE

SR B0 L B 45 1), 73 o i 4L =k s 21
Bisko MT RMS SRHURE TR RS EOR
BEAE R GTicit i I, B RMS 9RO R,
EHNF— MO RN, GER R GAT S H

27.78 mm

New lens from CVMACRO: envewlens seq  Scale: 090 25-Feb-06

K37 AR ARG E R K

Fig.37 Optical layout of constricted system

LR T Aot

tic
field curves

1 —
spherical aber Distortion
" _EJIB HT ORI HT
1.00 7000 (.00
075 I [0 0.00
0.50 ~ |00 0,00
0.25 “Yo.00 0.00

00 00 100
Distortion/%

21-Apr-11

005 00 050 —005 00 050
Focus/km Focus/km

MNew lens from CVMACRO: cvnewlens.seq

K38 4R ARGk 5%

Fig. 38 Transverse aberration of constricted system

BETZERANE 37 ~40 Frs, BERTHL, 2515 243
W e ERR

-2
-
-
-
—648E-01 mm

3 0.00000

E 39 4RGN EHIE

Fig. 39 Spot diagram of constricted system

XV 4 R FR GE B SR B HEAT T LS AR Y13
it HXTAER ARG A POT BT TN T i
PR | BRI 328 B ) G5z 1 R B R T 99%



290 W E DG $8%
WRG,2 A TWRS,3 MRNARS,
— RCED

T ™ ¥ 11T R =Y VR Y (R =71
Spatial frequency /{cyele - mm ')

K40 AR R G i R KL
Fig.40 MTF of constricted system

4.6 FEFENEFZHE S ER

53R FH R AR A P e Y IR A ke B B URAE Sy
RGOCIR, AACKE P& S CIR TR AR/ IE TH
RICHEHERL, B AT, KOG FEAE T HE
FEVETIER A E IR f KV X iR At o e it
ATVREN 38 3 N £y b A XoF i £ ek S0 TR A 7 T
T [ 15 5 fig &, & G A TR IE T, A
T FEARHL AL B9 RST RN T FE | SR FH 07 e A1 24
L ¥ MLAE AT ¥, f2 T T AR IR B 110 K,
NETD <30 mK,

P T L A o A A RIS TS [R5 0T
AR RN )2 R 22 PR T 8O E 5, Rtk
A0 5 A4 B L R0 1 1 35 53 (R [ 0T 22 1]
M S AN — SR AS [ 5 4 A i) o AN — 280 ) X S i
BRSPS 0 5 T3 615 5 i A %)
FRAG H ARG (4 2 R B 28 o e AR e | A
RIS R G AICIIR 2 D R G495 R
BEAR 5 02 a5 SRS AT | H TR I 10 M 25 9
AR SLBR AT 85 I 2 AR T3 I O Ho i
SL AR OC RN OGS R A AR RS
b STy | G AL P T 1 T R /N b 3R 5% 2 X6
8RS A R, 38 0 85 e R AR
AbFE i FHARA A IE S T BR IR s R i B )
SENR A THR ST DGR AL IE R TS 21 E bR
4.7 BREZEENDW

E A AHZ A S [ FTIR ) CHLES 4 it
1T ARG Bz AR IR R G TV RGN
ARG 3 A e 41 frs, Kb 1 bR

F 41 oS adE il FTIR B9 45 e

Model of micro-FTIR in simulation environment

Fig. 41

BT RGN s U5 % PST, M ff
TE ARG ZRBOE K, X 5 10 AR 4 B R
3.5.7 A8 mm PUFMEBLET 4 R GE 0 5 IR 5 i
R ORISR ME 42 PR,

1t e
®5
il B the
0.0149 i 1 i 1 T
YA
[ 2 1 gty o T T 1
o NH

& 1E-4 - S s i T
1 i ﬁ:‘““-h T
1E-6 4 o e B
] S

1E-8 : ] ] : ]

5 10 15 20 25

Off-field angle

K42 AFEDEHR AT I 30 e M 1l
Fig.42  PST versus off-field angle at different stop di-

ameter

g 200 ARG AR N RS
FEIE 10 7 2, PR, 5 20 R HOL AR I K
A EEGIEAT o0 A a5, a0 A, 400 s 3R v 114
ARHOEEEA 3 AR LA IO E 5 1 i S
TG B HURES F B 2% BOC AR 1 (Y
LLAMF IR HOL,

X TG T3 S5 T B A SR i SR AR A B
O, AR A3 i A S o R Y AR D, TR
B, Bt o5 AR R4 SR R = 0. 05% LA 1Y AR
SRAFUNT - AR E S T S S ke i AR o5 4k
GARETR Y 19. 2% 5 73 R i 15 5 10 S 55 R 9 R
B, S ESURRE R Y 9. 4% ; 1 B 205 B T R G



2

GETRK , A - 25 6] ) G A B AR 2T A AT 291

ORI AR, 5 IR AR B Y 0. 33% 5 i85
BT BT Ok B AR, &R R R
0.16% .

Xt T MBS A B 5 TR 24 80k, B 9 R H
SR HE ' TR L R 3 TR S B 2 o
BB R IR L R 3 T B
PRI, T OG5 2 T o7 T AR B 1 P, e A
T MUAR S A B 22 OB R I 7 B 2 O RE A
f490. 048% .

X FHURZE # LT AN B 5 I A 220, A
oK G T A 21 A0 S ' T DAL Bk R
v, R R 25 JE O R W ZL AR S T & 1)
SR, DG 1T A I 2 IO RE B o RN 2 42k
SAERAY 0. 28% , Hirf 559% >k GG K1

F DA_E S AT 045 A 2= O SR WRRTHAR I 25 Acb 4
BOCRY TRk, Hoh AR B R 2 b B RO RE R Y
99% , [HIL, I A BOE N £ Z I G E T

5 THEBELELES R

5.1 THEGLE

XTSRRI T IR, | e X T R
BEAT 00 B HAR AT 32 x 32 Hexh A A R A
2T ERIC™ SR XI55 1 )7 %+
W AR AT DU SR o3 e, e 4 1 00 IR o0 i
2 x 24 DXH, AR %t g — 4~ DX FH R AR 4 )
EAT ARSI, AR A 0 25 A P A DX 00 R
2 x 24 DX, I 22 1 FH AR R o D ] e —
DI, o3 figp ok R o A2 SR AR, BRI R S0 hy
32 x 32 AN 1k, K -85 BUSR 431 024
AT EIC, E 43 iR,

XFEA 1024 MRS T W ET 9317 5
hk, AU R P 91 rh O (R B R AR R
HApE AFNCRR NS, BT RN Z
Je , SR AT DIXE T3 B 5 51 AR 8 AR R B ERE 22 751
TS BT (81T 51 5 06 8 22 17 31 22 8] B X6 B
Kl 44 Fiw .

BT T 7 51 R A B BRI, T35 )7
N STERAEA B AL AR L, Xt 2 T 30 Rt
PR B A SR TE , T PO SRR, AT
FEARRGEROGIE - HER 5OLIGEMR L, B, &

K43 TRE%

Fig.43 Interferogram image

Normalizd intensity

0 400 800 1200

OPD 4 /um
K44 b P A5 R 25 7 ) R0 G 2R
Fig.44 Interferogram sequence versus OPD

B — 2 B8 T RO SRR Y T I
B AT U E SR 1 2 i ' 1 o 15 e P I ) 55 i
o ARG ZO0RE 2R AR A R AT
YRS /NG 3 B SR S+
FIRFS X /NBGA 85 P M = fa 2 7 R A
PEATUIRE % 5 9 P BRI 7 R K
PEATUIRE
5.2 HURESKIEER

M T 2R ST BTt s Tl R S &R
GERERE L A R, S B 3 P 7 ) SRR A
FAXS T BARA B A7 — E W W , XA & T 3L
S ROETE TR BT AR 1% 22 | IR I 5 20 &2 08
TR TACLREIE

BEAT R LA IR A R 22— M ) R L3
TR IE P SRS B A AR AL R 22 BOEE A%
JCRRIE P /N UL 3 B P 5 AR UM AL R 2%
MRS TR 22 CHE BEATARAALIE o X /N ]
P8 AT B AR HL AR e o A IO 35 20 B R
MIRIRL TR 22, OO T 3RAS OGS 3 B R 9 AR o %



292 AlES DR

8%

28, AT LR AT (A I A AE S 3 Fhi Rt
T BRI T

R ELTE R ROLTE 7 BER A AR (L R 22 HEA T4
(BB S, TR R DG TG 2 BRI AL 2R 22, X
NRUA 5 PPy 1) A s T L AR R A5 21Dl
TR H XL R 8 B R A pR B A6 (ELIE 58 R AT
FEZR M EAIGS 5 R, (8 Al 15 31 = 6T 20 B
AR ZE

KNI NG 3 Y S BEAT A il
HERPA TR I EA MR, X/
DT E P IIERN AL B, BARANBESE = G5
SCEBR B AEAT AR OGS IR B fil
5 R S HA MR RO 3%

JEAH L S XF /N BUH 9 1 51 947 T 3 SiE
W, S R g 9 B 51 BA AR TR DS
R K/ INUGH R ST AT TR SE 4, SR B
{ELFH, B AT AT R AE 4 5 1)/ N XGA T B 51

X R BT 9 P ) A 7 g R L it 2 s
ARAF BRI R 057 15 22 14 6 3% 1 4R W8 -5 A 7, P

E 05

2

o

2

“ 0.3

=

=

=

E 0.1

2 SR |

—0.1 . .

02 022 024 026 026 03
Wavenumber p/um™!
(a) $EfE %

(a) Interpolation method

E 05

2

151

2

= 03

=

s

=

E 0.1

2 L

—=0.1

02 022 024 026 026 03
Wavenumber v/pm™!

(c) &A%

(c) Continuation method

Normalized spectrum

Normalized spectrum

NBUH T 1 B R ARG B 4D 2 B A 4 5 15 3
FEEA MRS 7 B R A AR AL DR 22, DA 1] L
LR R 2T AR B IE

N T SEBLTE ER E BOETE AR AL AL GE, AT AR
MW EERIE A TAALIE . XN+
W B HEA T B AR LA A 3 A2 TS0 A
{37 PR, 1 T Ao B AR AL I8 DR 1, SRS PR AR f
A PR — O R L e A e AT LA )
ANRUA A Y 51 A R IR SR AE R0 30 18 i
PRSI, A K IR s S, LI 345
BURTHRANEG I, B R By 5
V1 ik 18] PRESUF 97 A K 28 20 1R ARG O R 9 B
SEARTR P ITENFAE, RANE R BRI
P91 5 10 8188 [T Ak eR B SR 36 4
BUESE, ] DU 2 BUAE A T3 751, PR
ALY PR R 91 A — 8 T e L A e, i T
1 HH AR A5 L

AR ANE L ERE S RUE 4 7
BAAFE RIS A 45 PR 3— A E S

0.5

_J

—0. . .
02 022 024 026 026 03

Wavenumber v/pm™!
(b) ¥k
(b) Zero filling method

0.5

0.3

0.1

—

-
—0.1

02 022 024 D.IZ() O,éé 0.3
Wavenumber p/um™'
(d) B

(d) Convolution method

P45 FI FHAS ) B RH S 158 1E D 123 B Y D't i

Fig.45 Recovered spectrum reversed by different phase correction methods



#2

SRR, 25 - 23 ) il G A L AR g £ T S AT 5 293

T 5 FRADGIE 095 HE AR 22 53 08 o = 1. 2730 x
107,00, =1.2728 x 107°, 0, = 1.2572 x 107°,
o, =1.2088 x10 7%,

PHE(ET: AN | T3 VL TS BRI AT T
B AT LA T 4 B0 AR mT LA B A AR A 1% 25
)T ¥0 B s IE HEA TAR A ARL IE . o B AR AR
TERCR St (HI R B IR I Z 4R
JE RN B R AR . I AR PR TR
FHI AR b AR R PR R AT LA 5 1Y
i S Sk AT T R A B 5 RO
1) S 3

6 JRIEFML N X FE I
T FHATUBRSE 12 2 Xt 50 23 i) e ) 4 L 7

BALLAMCTEAGHAT T Z 4e S50 1 )y SR SE H 15
T EDEREA A S5 AT R I 46 s

Pl 46 PR LM AR O A — AL R A e
Fig. 46  Mechanical layout of micro-FTIR

H T ARG VARG B2 1) B, WA 22 S AU 5
BiA L b 2 GV T A ARl A B e — 3200t
MFe e, inp 47 PR, S8 5T 2R MU B
R T5 1) e s ) S i T L2 T 58 5 SR P ik
LT M R B 20 R GRS , 2%
PO BESE X BAN Y BT )7 A SRR S AT
T Z W07 1R 806 A 2 2 O S B I S
Jr S 7 S5 1 AL 4 | TR A 22 1 23 A1
R, DT S T BRI e A A

Wl 22 SISO B (W0R) A1 BE 3 TN, R 580
AR FERRAR . SOV ARSI 2R G (5 1 LE A PERE
R, PR I8N SR S B AR A B 3 e
RYGOLIERMLL,

i M,
= 1

=

M

o

Detector array

K47 TWRGEALR R EE

Fig. 47  Sketch map of interferometric system

R —

—_—
Input source

HTLLAMEA T UL, AR LD BE, SE 001K
AL R G AR T5 1, R A R Il T
B 5 NSRS | 107 P 66 A8 A 19 0 s 1l = 2 25
MBI AT 8 DG r oo i 2 0 e R GET
SN B 7 vk | SE A A OE S oo NS B X
U I PRIEAS A7 ST R EORG RE | 1 T S BRAT
SMSETEA RS B, ARG TN
JCIR IR BRI P A BRI 3 A

FHRZOCTEAC I BAEAL, AT T RGU Y &3
AL, ] 48 JillifAs 2 my 1A

K48 AR 21 T ERE
Fig. 48 Interferogram image from micro-FTIR

T &% ®

s [E] A ] FTIR LAS ) ) 38 Rl
R ERE P Y 1T 22 2 Aok S S8 B B B 0 O e 2
PEATVRR] DI AE 2 2 6] 2045+ 8 P R R A
0 IS e A S e T i s 2V v IS T o 8
ARUNEAL A BRRETESR T AEE s n] BEAT
SIS AE L AT LR, H R AL 4
(1) SR 1] 8] il ol 252 8 L IS i 2T 1S 350
T TR SR, SR 2 ) 3 i 7 5, M S A



294 AlES DR

F8 %

[l 07 B AR DB 22 A RAE T MG, IR
SR FH WG TG 22 A0S S A W S 6+ MG A 725 [
KFE, W 2R RIS, R A, £
R B G B ECH B R GO o PR
L () WEENFRGCRH = R 50, @
YR IE T LISE B A S E S 514k R R 5 %
FRIE UGG S5 H , T ARG S IR 22 AR OE 3 4%
WS R ZnSe B2 U R AHGBER R , 70t
JREJZ IS 3R (50 £5) % , 3805 8= 1 15 5 &R
KT 98% ; ZH MU S 55 7] 1 MOEMS T 258 i,
(3) JETEAL A SEIE N SiC AR, BRI 88 A MCT 45

SENH(EXEEMERARTHR) :

F-ERES i R R AR | DLt ok Ty 2k
ETWEIR, 2 T EURE 5 58Ik i vl
Bl ARV IE B PR e B AR AR | SR T
EUEBNE S OGN E R, () EEHRS HR R
GE 5215y RAR Y BT R bR ¢ B T HLAR BT
IR, 55— 2 R AU 3 B A H MOEMS T
R T il A S, 5 B s AR E2E A 69. 00
nm, 5 W Z2 RS BE 4 2. 10 nm ;55 — 29 WU S5t
BEAMEEFREZ K 0. 12 wm, 5 B 22 RS
4 1.02 nm,

(1] 3Lsti, bk, P 4 & PHDGRE UM OISR HER [ T]. F F4 £ & ,2008,29(1) : 1-5.
KONG Y M,LIANG J Q,LIANG ZH Z,et al.. Developments of the micro modulating spectrometers[ J|. Semiconductor

Optoelectronics ,2008 ,29 (1) :1-5. (in Chinese)

[2] KONG Y M,LIANG J Q,LIANG ZH ZH et al.. Micro assembled Fourier transform spectrometer[ J]. SPIE,2009,7283 .

728304.

[3] KONG Y M,LIANG J Q,LIANG ZH ZH et al. . Novel micro Fourier transform spectrometer[ J ]. Semiconductor Photonics

and Technology ,2008 ,14(1) .8-12.

(4] LIANG J Q,LIANG ZH ZH,LV J G,et al.. Simulation and experiment of the static FTIR based on micro multi-step mir-

rors[ J]. SPIE,2011,8191.819104.

[5] LVJG,LIANG J Q,LIANG ZH ZH,et al.. Design and manufacture of micro interference system in spatial modulation
Fourier transform spectrometer| J |. Key Engineering Materials ,2013,562-565:973-978.
[6] 3Lstdy, bk, ok, 5. AU (H] A il G B4 B AR ok A i it SO [ 1], A5 5 38 4-47,2009,29

(4).1142-1146.

KONG Y M,LIANG J Q,WANG B, et al.. The investigation and simulation of a novel spatially modulated micro-Fourier

transform spectrometer[ J |. Spectroscopy and Spectral Analysis ,2009,29(4) :1142-1146. (in Chinese)
(7] S&k, Z#Ak, R P4 ETHROUILAE RGERHE R R B SDERHL )], o5 HE T42,2011,19 (4 F)) :8591.
LV J G,LIANG J Q,LIANG ZH ZH. Infrared Fourier transform spectrometer based on MOEMS technology[ J|. Opt. Pre-

cision Eng. ,2011,19(supp) :85-91. (in Chinese)

(8] FLsAfy. W] UL-JELTAM B L AR ORI I BT S 05 BT SE [ D] K 3R ERb A B K L LA 5 B

WF4EFT,2009 :29-31.

KONG Y M. Design and simulation of the micro Fourier transform spectrometer based on MOEMS in visible-near infrared

[D]. Changchun:Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,2009:29-31.

(in Chinese)

(9] &&st, ok, P& AR OGSO PR s B A W ELE T [ ]. #3 F3), 2012,61(7) :070704.
LV J G,LIANG J Q,LIANG ZH ZH. Theoretical analysis on stationary Gaussian randomnoise in narrowband Fourier trans-
form spectrometer[ J]. Acta Phys. Sin. ,2012,61(7) :070704. (in Chinese)

[10] A+ E. AR R L INGE DL RSB S0 B[ D] K& ERE B K B G R LK

S¥uTsE T, 2012 :31-33.

FU J G. Optical system design and simulation for static Fourier-transform infrared spectrometer[ D]. Changchun; Chang-

chun Institute of Optics,Fine Mechanics and Physics, Chinese Academy of Sciences,2012:31-33. (iin Chinese)



%52 GERRK , A5 < 2 [ Al SR ) L A T S (U5 295

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

B &t 2 MR R R A AN G R BT 5E BT [ D], K& W EREEBE KBS RIS
WELST T 2013 .33-35.

LU J G. System design and information processing of spatial modulation Fourier transform infrared spectrometer[ D ].
Changchun ; Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,2013:33-35. (in
Chinese)

FENG C,WANG B,LIANG ZH ZH,et al.. Miniaturization of step mirrors in a static Fourier transform spectrometer ; the-
ory and simulation[ J]. J. Opt. Soc. Am. B,2011,28(1) ;128-133.

AR R R TR T 2O B AR L AN AT S RN A AT [ )], ik B kg AT,
2010,30(12) :3203-3207.

FU J G,LIANG J Q,LIANG ZH ZH. Analysis of diffraction in Fourier-transform infrared spectrometer basedon step mir-
rors[ J]. Spectroscopy and Spectral Analysis,2010,30(12) ;3203-3207. (in Chinese)

B, BT Z R WU 0 L SR LD SR BOE BT [ D). K5 h ERNE B B SR L S P 2L
WFFE AT ,2011,19-29 :36-50.

FENG C. Stray-light analysis of Fourier transform infrared spectrometer based onmultistep mirrors [ D ]. Changchun;
Changchun Institute of Optics , Fine Mechanics and Physics, Chinese Academy of Sciences,2011,19-29:36-50. (in Chi-
nese)

FENG C,LIANG J Q,LIANG ZH ZH. Spectrum constructing with nonuniform sample using least-squares approximation
by cosine polynomials[ J]. Applied Optics,2011,50(34) :6377-6383.

AR, R R P H P ROGIEX A FTIR SGIE S JE R 4 [ 1], st 5 5 #4547 ,2011,31(6) : 1723-
1726.

FU J G,LIANG J Q,LIANG ZH ZH. Influence of extended light source on spectral reconstruction in a microFTIR[J].
Spectroscopy and Speciral Analysis ,2011,31(6) :1723-1726. (in Chinese)

Bak, R E AR, F BT 2R AR LN P U R 2E AT [ T]. RS S ik
57, 2011,31(10) :2865-2869.

LV J G,LIANG ZH ZH,FU J G et al. . Analysis of collimation error in Fourier transform infrared spectrometer based on
step mirrors[ J]. Spectroscopy and Spectral Analysis 2011 ,31(10) :2865-2869. (in Chinese)

Bat, Bk, R P S TG B R OSSO I SRS [T ], % 5 B A 441 ,2012,32
(1) :259-263.

LV J G,LIANG J Q,LIANG ZH ZH,et al.. Study on uniformity of optical field in static Fourier transformspectrometer
[J]. Spectroscopy and Spectral Analysis,2012,32(1) :259-263. (in Chinese)

R, RPE LA . TGS R B 2 UM B R R S RIERFSR [ T]. 49 2 4R ,2010,59(2)
907-912.

WANG B,LIANG ZH ZH ,KONG Y M, et al.. Design and fabrication ofmicro mult-imirrors based on silicon for micro-
spectrometer| J . Acta Phys. Sin. ,2010,59(2) :907-912. (in Chinese)

LIANG ZH ZH,FU ] G,FENG C,et al.. Design and demonstration of micro multi-step mirrors and light source in micro
FTIR[ C]. Proceedings of the 2011 6th IEEE International coference on Nano/Micro Engineered and Molecular Systems.
Kaohsiung, Taiwan , China , Feb. ,2011.

Ik 0] WS AT AMEOR ZS AR R GRS ORI ST [ D). K& AL B KB 62 B U S B BT 53 BT
2010:67-77.

WANG B. Study of the key technology of the micro Fourier transform spectrometer in visable-infrared[ D]. Changchun
Changchun Institute of Optics , Fine Mechanics and Physics , Chinese Academy of Sciences,2010:67-77. (in Chinese)
FE L RPE R DI EPIAH GARA T X RIERFSR [ T]. e 4 54k ,2011,31(12) :1222005.
ZHENG Y,LIANG Z Z,LIANG J Q. Simulation and fabrication of multi-micromirrorsused in infrared spectrometer[ J].
Acta Optica Sinica 2011 ,31(12) :1222005. (in Chinese)



296 o e s

[23] ZHENG Y,LIANG J Q,LIANG ZH ZH. Design and fabrication of step mirrors used in space-modulated Fourier transform
infrared spectrometer[ J]. Optics Express,2013,21(1) :884-892

[24] #2. §RS MR MR AN SO T [ D], KA b ERRE B LR B U5 9 BT T, 2013
72-78.

ZHENG Y. Study of key components used in static Fourier transform infrared spectrometer[ D]. Changchun: Changchun
Institute of Optics,Fine Mechanics and Physics, Chinese Academy of Sciences,2013.72-78. (in Chinese)

[25] B4k &M, B FH. ZRTIEEY] Monte Carlo EIRZEA WM S GiHM[1]. 42 53R ,2012,61(22) .
220701.

LU J G,LIANG J Q,LIANG ZH ZH. FError synthesis and statistical analysis on steppedmirror array by Monte Carlo meth-
od[J]. Acta Phys. Sin.,2012,61(22):220701. (in Chinese)

[26]  &&sk, Rk, R0 & 5. 23 R R AR B 2L T W RGBS RCRBETE[ 1], ik 5 5 ek a4,
2013,33(3) :850-854.

LU J G,LIANG J Q,LIANG ZH ZH et al. . Study on transmission efficiency of interference system in spatially modulated
Fourier transformspectrometer[ J]. Spectroscopy and Spectral Analysis ,2013,33(3) :850-854. (in Chinese)

[27] B4k, R4k, R P F. 2 G EE AR OGS RE R[] ], #2548 ,2012,61 (14) :140702.
LU J G,LIANG J Q,LIANG ZH ZH. Study on chromatic dispersion of beam splitter inspatially modulated Fourier trans-
form spectrometer| J]. Acta Phys. Sin. ,2012,61(14) :140702. (in Chinese)

(28] B&sk, ZHK, ZFH,F. SRPEHE RN AR IS GE N RS BIEARZ T[T ]. o5 F3Rk, 2014,34(10)
1030001.

LU J G,LIANG J Q,LIANG ZH ZH ,et al. . Analysis of wedge error of beam splitter in spatial modulation Fourier trans-
form infrared spectrometer[ J]. Acta Optica Sinica,2014,34(10) :1030001. (in Chinese)

[29] A+sEm, R4k, R P & — P AR SDEIE L2 R SB[ T]. 8 5 F4R,2012,32(2)
0222006.

FU J G,LIANG J Q,LIANG ZH ZH. Analysis and design for the optical system of a static infrared Fourier transform
spectrometer| J]. Acta Optica Sinica ,2012,32(2) :0222006. (in Chinese)

[30] F&RE, R#HK, R P H,F LRGSR M ABOGE L] bk 5 5% 47,2014,34(1) :274-
278.

JIANG C Z,LIANG J Q,LIANG ZH ZH et al. . Influence of collimation system on static Fourier transform spectrometer
[J]. Spectroscopy and Spectral Analysis,2014,34(1) :274-278. (in Chinese)

[31] A, R, R b & MMM AR IR A 227087 [ T]. 8 5 547 ,2012,32(6) :0607002.

FU J G,LIANG J Q,LIANG ZH ZH. Tolerance analysis for a static Fourier-transform infrared spectrometer based on
multi-micro mirrors| J]. Acta Optica Sinica ,2012,32(6) :0607002. (in Chinese )

[32] B4k, F&HK, FdHE. 25 AR B AR iSO S ST [ )], Rk 5 5 034 47,2012,32(6) 1 1694-
1699.

LU J G,LIANG J Q,LIANG ZH ZH. Study on spectrum inversion of spatially modulated Fourier transformspectrometer
[J]. Spectroscopy and Spectral Analysis,2012,32(6) :1694-1699. (in Chinese)
[33]  #, RaAk, b 3. 2 ) Vel il o L o A8 e 2 AP i A 22 U S AR R 22 20 [0 ] S8 5 B ok o A7,

2012,32(7) :1999-2002.
ZHENG Y,LIANG J Q,LIANG ZH ZH. Analysis of multi-micromirrors tilt error in space-modulated Fourier transform in-
frared spectrometry[ J]. Spectroscopy and Spectral Analysis,2012,32(7) :1999-2002. (in Chinese)



5521 GETRK , A - 25 6] ) G A B AR 2T A AT 297

THAZARNR A

TH AR A&

B (1962—) % B 5, W12 T, 1984 46 TR 3% L%, 2003 4 T BHBE K 4008
SRS SR S U BF IO M1 (7. 1984 4F ~ 1993 4F AR S BPRH . T2 O3 P B oS T8
PERISE. B 1994 4EFFBR, —FHHOGHLHL R G0 MOEMS ) KBS H 25 bR HORHBE T 1E. 1 o 3
AERET R H RIS TSR R 863 F1 1 J o bR BHEE % e+ 51 1 %5 S0 29
S0 o T 25 555 A 20 451, BFE 19 45 E0H MOEMS SS9 £ M1 0 A UG T
KA HE R A I e RSSO A 2% OB T IO SMIE e O LED 51 5
X HRTARAL A S TP L IR SM R 25 BRI UL = e THARTFGE . % R i
200 4355 LA — S WA SRAHE Lo 5] 5 014 22 51, SR A 13 50, 3BT Jy 2006 4F 4 ks
R T ARG A SR LI 30 4.

R EABLIT A -

BOLERT S RGERBLALRGL T 2004 4F ARIET R AOCHLE R DG B X s s, BRI
JEIAR AR BGOSR B ORGSR AR B 2R 485 17 EAR B 1y B T A F 5, Sl i 7R 1
FIATRBERWTIH 40 RIN, FEEHFFEIT 0L 4E < 1) f/IN R AR e 2T SR E A S £D A B0 1
A5 2) PRS- B etk LED 26 R 2RI SE 33 ) MOEMS Y6 56 Kol 4 £ 108 15 28 28 2 Y3l 1 2 14 F
G5 4) X B G E B S AOE B8 S OSIR AT I 5 5 ) DA R RO A8 2t s S5 A% i a1
536) WA HLE 5OC AR B B DT 5 . BB = — SR A BB FIEE SR ) 12 R TR, 3
JUARSe)n 3558 i T K A SRR 4 6 (P 1 BUMER L I00) | 5K 863 45 H 1 T, [ 5 F ki



208 AlES DR 8%

Sl [ R 1, AR T AR RS, SR A ITSE 6 3 N BB 6 2 A DL R
FEI 51N, HETEEEERAE 10 A BB E 6 AR 0 Rl i+ 5542 30 R A
PR B B4R 24 AR SUH |, 78 OPTICS EXPRESS , OPTICS LETTERS ,APPLIED OPTICS.J. Opt. Soc.
Am. B FFENAINE £ AR S SPIE (IEEE 25 [ FRap AR 2 B AR RIB 100 25, Hrb gl SCILET itk
W3 80 ARF , FEAEASCE Prag R S VRS IEHS 1 R R EPREAR SR, BIEER &L F
60 Z I, Forfr AL 30 R,

HEEeWMB®IT:

1. 350 H 245K« 25 ) 8 il f80 ) B AR 4 2T A3 {5

2. W H A B K AR BHFRE SRL AR SR b 5 & T A 4 0 H

3. 4lt1E5 : No. 61027010

4. 0 H R SR 2 AL

(1) 32 4 A Z R0 S8 5 5 | A BIEE B AR i A A i i 3B, SEa 1
AL

(2) ¥ MOEMS M T Je B i AR 51 A B4 R G nd il fE e i v, T S as iy /N4

(3) 4 T Z UM S B ) MOEMS HIAE 5 i2: , ik T AR GE0 G AR I T 5 125 ok S 0 b BE 1
LA BN T ), SEEL T SR = TRE



