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Abstract Scanning white light interferometry is one of the most accurate surface topography measurement techniques. It
is widely used in various industrial and scientific research fields. Since its invention more than thirty years ago, the
progress and breakthroughs of this technique have been continuously made, driven by the demands of advanced
manufacturing sectors such as precision optics, semiconductors, automotive and aerospace. This paper summarizes the
important progress of scanning white light interferometry in the past two decades from the aspects of its applications, new
measurement methods and algorithms, system designs, theoretical modeling, calibration and error compensation, and puts
forward the prospect of further development in this field.
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Fig. 2 Most commonly used types of interferometers in SWLI. (a) Michelson; (b) Mirau; (¢) Linnik
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Fig. 5 SWLI measurement of a ceramic coating on a metal
surface™. (a) Cross-sectional slice through the 3D

SWLI interferogram; (b) one-dimensional interference

signal at a single surface point along the z-axis;
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from which the coating layer thickness can be calculated
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Fig. 9 Schema of the optical setup of Fourier scatterometer

based on SWLI and pupil imaging
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A 35 X6 b 5 TSI 0 A ) ) A R R Al AT SE B T X
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W 0 B BT LA B O AR . Roy 46 3 UL
AT M7 (geometric phase) JRBE (AR 2R FH G 2),
W T — AR NA 4 6T A L LA AR
AT DAY /N AR B8 2 AR AT K BRHT SR R 22

T G K, Freischlad ™ % 3 7 — Fh f
BRI 2 0m 0 WAL, ISR S H R P i m
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GRTYHEEAWLAG TS, L L —F B
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F605FE3H/2023F2 A/BAERBEFZHE

@ i ® gy

b reference
b mirror

beamsplitter

E10 T#W e it B (i Zygo A ® 4 4E) - (a) “De Groot-
Biegen” #4145 ; (b)0. 545 Michelson + #5 #) #5

Fig. 10 Interferometric objective lens design (courtesy of Zygo

Corporation). (a) The “De Groot-Biegen” interferometer;

(b) a 0.5X interferometric objective with the Michelson

geometries

OGO BT R gt ML AMG T
W R G 275 7 B Y s AR 3l AT AR A ] S
2 kHz (A2 B I &, 2 Tz (5 BT R L o6 T
FY A 5 25 R ATHR S 4 o Serbes 55
J7 8 AT Mirau B 22 44 B9 49 4 1 O6 T A S0 T
[] B (R BT AR RO o

(S OESETNS Bl RG2E¥ 5811 KU L7/ s DO RIIL B+
F G AT HLA 4 iz g, DLER B = 4E IR B0
Pavlicek %R T —FoBER HOE T O£,
AT 225 S 1 AT MU a2 2, IR B R F gl AR
5375 B8 10 W) R A U AG o A v DR A5 6 T
3.7 FrLESE

B AR “de Groot-Biegen” 55 B KW 37 + % 1) 5% me
YT AT B T A R B A (B AE AR L
T 0 B NA R AR, A I L A5 1) 49 3 5 0 2% T ]
I RRPRA S0/ o B 1 A 5 43 B R — % A B
ZYRY AR b 0 B — RIS N IE A
BPHER BRI w0 P RE 5 A B — e o ik
bR BRI R T B, #EFR O 1 fL AR PF HE (sub-aperture
stitching) o ZH AL 570 F R AL S 2 A
MUBB AL A% 22 e AH 25 G, F 4R 28 900300 AR 0 AR L o 00 3% 1
AR b ¥ 03 N TR S S, 9K 5 AR A AR <8 - 41
Yy E S DX 38 PR ROV 350 6 7 5 28 R S BT 5 4540 1) 4=
Jry VETE , I [ B 5 98 8 28 38 43 1 B il L e AR 3R
v PR OE  8HE -

BE X A oo 4 3R T E 40 &, Colonna de Lega
AEVRGE T T AR s T S R AT L,
ST EARZY 1.5 mm Hh ] R 25 2 290 pm 9 T L
B2 Sk JC A B A i, H P B 5% 2% W 45 (peak-to-

valley, PV){H#y 0. 16 pm, i 1 1% 0 5 38 58 3K 15 5 3k
HILARK 25 T 2 37 T80 (4 0 T3 2% . Chen %8 L2 DF
FEH AR 1z FI RS AR Bk 1 32 A (gull-wing) AF Bk M
SR = R S S 2 7l LI B (T S = | W o o s
(computer-generated holography, CGH) Il & ff T
XL, S8 50 45 SRR B bR B R 7 Bk 9 PVOKS FE AT T
0.1pm. BEAM, Vivo %R FALAR DB AR M &2 T
1.3 mA& VI 1R 22 7E 40 K B G X 4k s 99 5, HL 46
R 5 Fizeau T W $F 82 DL K& K 2 %8 )5 {X (long trace
profiler, LTP) (I & 45 58 & B W&, TE 2 22 (19 14 07
H(RMS){E M 6.6 nm.,

TE B 45 # /9 & b, Tang' " 3 3 & J5 K6 56 (chi-
squared test) LA S E T M AL A 45 F 1I & . Chen
VR A A T A A PR R, S A% e 1R I i
PEA AN , (s o) I S 7 DF 2 2ok PR A 1 AT R R R
fIF D e 395, ) G R AS A8 R AIE AR 46 (STET) VR
PR R AE (SURF ) 33k 38 BUAR [] 937 22 8] 11
XN G Z 1T 58 B [\ ML 37 22 (6] /Y 4 Jsy DL, 56 T
F R Chen 2857 I 50 4% 9 85 (188 pm X 141 pm
M) T CGH #3875 0. 75 mm X 0. 75 mm 8 [l 1
B SCERLTTT-112 i il 1 JE 1% B 08 58 DA & R
< WA 2 0 T 52 3 T ) PF R = (1 11) .

Overlapped region

A&g A
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// K Sub-surface 12
4
14 y
} I ’ ’
\ A /
v [
£ £
A = o
! 0.

2

P11 AR 4 WA 2 ) 5% 3R AT L AR BRI b g 1
Fig. 11 Sub-aperture stitching measurement result of a single-

point diamond turned sinusoidal surface""”
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LG T #5 S0 — A e U RD S0 L 92 B0 T 46 1 T
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LU oy NN [ET (1R | o Y 5 Y i | S O
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(2 5l B9 -y T N B S A BT, 4k R A8 7E -2
ST THT PN X AR T A R AR B S A y ) AR bR AR B -
2 - THT N A R A5 A 8 ] 0 i o 57 B8 1Y) — 4 AR B A
N T AEARE BT X5 A S R AT AT PR o =4k
WAL, J5 B FR R e T RS
4.1 —HHGIER

I A S FDOE TP BRI T TR
B — 25T = AR, e AL T A an
XT LGB B TR 5 S OOt 2% . fER R
o T SR SR T A ] (7 B Al — 2R A5 80 v ) AH
TR T BB . —4ERI RN 2% & R I
& 77 A BT DL RO A 2R G AT S A B G AR
M, A1 15 0 AR 32 T S S 6 % AR AL A% Ak 5 3% T TR '
J7 ) B R R IE te o B B W & R, de Groot Al
Colonna de Lega """ #2& it i) — 4ERE A 1] D) % & R 58 NA
TR B 1 X AR ) 5 ) 38 S 6 AN [ AR R RAS [
K A SO EH P = A 0 T35S AT B T &, 52
P NAAE O T HH# T WA 5 Bl iz Al
LR T WA S E R AL E 2 R AL, KA
B2 WS

=] | g0V (0 pagak, ()

X AL B=cos(0), 0 J A G 15 kN UEE
U (8) 0¥ /B - 1 b B 65 40 A1 5 V (k) N 6 IR 6 3
i . FHWIERLR N
g(B kb 2)=R,+ R,+ 2JR\R, cos [ 28k(h— )],
(2)
R RT R, 43 51k R I (% RS 250l i 1) 45 0
PR SV T
TE X — A AH A 5 AR IR e T REBE O 5
R G NA, 53 516 W 4 B (8] 128 (8] A7+ BE . i —

F 6055 3H/2023F 2 A/BAEXRBEFFIHE
A A5 R AT DL ARG b X I i A AR E AT AL, Roy
SR LR R v 2 BT RS Y 22 R RO, O DL 4
J& o IS A H ISR 1) R AT T e .
4.2 —HRBIEBINMEIE R
TR PO T U GO R S T SR T AT S RN
UL KGR R G A R G s . E A T8
BE A — Fh S A 16 T P A S P 2 TH A0 R A A Y
fie 77 [A) B 38 9 Abbe B8 B8 —— IR XT LE B ik T
Yy S B AT S VU DGR RE T o 7E 25 TR F8 A8 72 (shift
invariant) 55 £, Z 48 R & G2 00 R g 00 Rl DL

BB T W AH T 1% # #R %X (coherent transfer function,
CTF) , B # 4i%  £% 32 pF 5% (amplitude transfer function,
ATF) 5 2) 4640 T B W T B9 % 2% 1% 3% pR %K (optical
transfer function, OTF) , >4 B B S [l 1 5 15 ' i AH [7]
W, OTF J& CTF Y A A1 CRR K. KT Iu# g £ 4ef%
RS D A R BB, TS H L
FAE A0 Goodman G (1 LG 2E T8 ) .

R T WRSE 5 W G R O B i Sk Ak 7 A Y B LN
Harasaki fll Wyant "3 23 ¥ & Bir b 2 1 35 0L o0 B A
ZE A A I FLAR AR B FLAR AT BB AE R B T
B v B /N T 0 R AR T R BE B B A R R AN . Xe
SRV — G A A S 3R T A -y A AR T 2 Bl )
BT WA 5 AT 07 B MR HEDE i — 4 = 4 K%, 4%
Ja i =4 OTF {5 BX =4k K& kR iE 47 2y “F 11T N
W BT IR BB S TR T R R G A PR NA B4 5t
BN, (AT 2 TR R 3R TS 2800

AR B T Al B 6 2% (elementary Fourier
optics, EFO) % Bii 4 5 14 2 28 1R e 24, H i BRIE I 1%
AR Z T BT W BRI, 2 D7 FF 1 STk
HoRA B B IC % . B 2T 4K, de Groot #1 Colonna
de Lega ™" TF 40T T FH F 2% mE 45 00 & 1 T 9 sliAg
RGN Y EFO B 2R 2% [T MR &R G AT 4 4L
Jof R TH U RN o A R EF O #5284 38 FH Y [, 3R 1
i BE ) AR AL B /N TR . RN LSRR L R
H— G By A P Rt (RIA S 5 5
U 5 B AR T & 0 ) B AR AL B A S 5 3R T R RE AR A
E L, 8K 5 38 5 - 1 — 4E £f 3% (angular spectrum) (4
BRI A 4 R T . EA T IBIE BT, o]
DLFIF 4 CTF XJ # i oF 47 U8 I, 17 78 38 4348 1 5
AE T REAR 0T, AR AL I 75 22 25 SO W) B B A 1 B
SERBAEA TS, R T i AOZ R T A R
AT DU FH 85 280 < I AR 300 ~F- 34 7 e Sl 5 b AN [m] i B
e % Ay X BRI o AR RSO0 T 3
THYE OTF 3o 8 55 00 4 X I 1) — 4k A %, T DA 152 25
FVRE N BRI — B iR

A %8 4% 3% PR 2 (instrument transfer function, ITF)
B SR R TAE 00 5 (E 5 FLAE B 25 RS 43 1 1Y L
B, X5 T TP R4 TTF J2 2 Ak A & % 155 10 2 A7 2 [1] A3
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£ 6055 3H/2023F 2 A/BENRBEFEHE

SRR Y F B AR 6T AR b N TR IR
R, 4 OTF nl LAIR UM ITF . 452 3] ik
FE 0 5 E AR R EFO BB R I AR At T
0] ML L o000 2% 1D A0 f 25 SR A e TR 2 —
FE 87 BRLPE VR PR AT A AR 2 ) BT A RS
4.3 ZHMBEEENES R

B T4 6T A 2w o T e B AR A A
KW =4 R, A BB — 2k R I8 LB .
YT B AOSAR AT LR AR — A SR R AR AR
(A 8 U e AR il B T DL AR AR G ) AL i R
Ok FRAE, LS R 2R T B RO R
CUIEC

McCutchen ™ # Hy T 7 = 4l i 5 HE &, A 24
T RGN =4 CTF. 2T 3 =4k i B & iy g
B SZ Al 25 R BRI, RS T NA BRI R 4.
SHEHEM PO T W RGBS T S 4G e 53R
T B S A Y, 7F Kirchhoff 3 L (4 FK iy Kirchhoff 2 i
BRSO T W RUR R s R EESUE B
35 B = 4k 195 UG 0 o A5 AT DL = 4 2 1 A% 338 PR AL
(surface transfer function, STF)JEME . 7EiZE R,
T B A= R T ) R R BT (foil
model, # & SR AT— a-y {57 B 4V = J5 18] i — 4 Dirac
Delta PR &L, A TE 1% -y {57 B X N fY 3R TH & FE b A Ry
T . = 4E STF WA RME 32 2R T Kirchhoff i
RL A A M | JHE 32 8 PR O A% 1 2 3R 1 Jm 3 0 it 2ok AR
WG 38 K T IR

Y STF B2 —ME 80 (K 12), e iRETRE T
O T P AR 23 TR0 3858 A7, AR 2 0 48 78 1 IR &
GLEA AR 22 . O T A = 4 ST LR
BUZ =48 STF A9 BLiE A8 46 | DA s 47 H0 ek 20T DLAR 25
Sy W 4% AP A BE (A0 Rayleigh |, Sparrow DL & Abbe
FIPE) T B R Ge 2 0] 5 W%

Coupland 58" " M AR it s B R ST
Kirchhoff 3 L T 9 #f (1% 1T ¥ AR 19 = 2 gl 1R A AL
Gu'""" 1 Sheppard & 7E 2L 5 £ L GOR (19 = 4 181
FE 6 R ECHIS T 1 AT T KB R B2 s .
FEX UL AT TAE RS AE I, Su S5 Xd 26 1w 45
U, #L T BG5S 4T B AOSUR B,
1 B R R (scattering amplitude) ¥ G HEUS 2B AR5
TV RO B R R R (7 2% R 1Y 3523 AT 2 75 25 R
- TR T AREEERZM LR, T
T AR A 25 148 T W 4 B9 805 # (scattering potential )
AN TR 26 BUIE 28 10 R 2 ) B3 S, B A 2 P 10O A Y 1
i FH VG BBl 3 5 % He MceCutchen |7 X = 4 5% il Hl
Ewald 3RS, 5 7 WA 00035 25 W) ik 2% 25 ()l A R+
W ARG 23 0] 2Z2 0] 1) G R lE e 1 2 o J0 19
T S GE T TR SR A T A A — SR AE AL
JURSTE ] T AR 8 4k AR 5 2 T I AR AR =4S
¥4 .

Sl 5 oEEn -

2 0 2
K/ pm~!

K/ pm~!

Bl 12 SE0 I AT A9 R A1 DO T A 4R STE (b K
24 570 nm, 47 8 5 100 nm ,NA 2 0.55)", (a) (¢) =4k

STF Wi {F 9 2 i 1 ] 5 (b) (d) =2k STF A AL A9 2 170

B 5 Ce) () G I 187 P9 (9 4 STF B89 g i AR 7, —

Yk STF th =4k STF iy 91 19 AR 0153 2 [ 78 T3 22 R 4

L (b)) (d) (D) T By AR B2 R S % ]

Fig. 12 Experimentally measured 3D STF of a commercial
SWLI (central wavelength is 570 nm, bandwidth is

100 nm, NA is 0.55)"". The cross sections of (a)(c)
magnitude and (b) (d) phase of the 3D STF;

(e) (f) magnitude and phase of the in-pupil 2D STF.

The 2D STF is calculated as a projection of the 3D

STF along the longitudinal direction [in an aberration-

free system, the phase terms in (b)(d)(f) should be zero]

Xie 2" #0 Lehmann & 7€ Kirchhoff i 1 5% 14
TAESE T NA 0.9 W44 F1 6 T B AR AR S
T % BT B A5 5 T WL B, 122 — 4k 35 T p 5B 0 v A5
FVHS S G 0 9 PR o 72 591 1T CRP -2 P 1) N . SEBR
L O REARGDHGMm KM REmFRmER T
Kirchhoff 3T 81 4 35 FH ¥ [, 76 F 5% 50 JF 63X 28 3%
Af | IO A T 35 T X B A ARl Y OB TR . SR,
RIS 40 A7 2R B3 2%, n SO i) R i 3z /s T 4, D
T Kirchhoff ¥ 8l Y FH 6 T ¥ B A 5 — 4 EFO £ A1)
SRR, A o R AT DA R A I A A T

Xie ZEHl Lehmann 25758 42 H T 3 F Debye fi7
SR G T W U R B F IR T R R &
AR AL AT S DA B iR R0, 5 )7 S = 4 Dl i Y HE
SWUIM L, SR XA T 3T EFO B £ 1
TR LAY S T e B AR AR B /N R T

Zr L RriR  FEG M (LR R T HURD I O T &% H
P A RN = A 4 O T U R A R T Kirchhoff
P ALFR EF O N 36 181 i BE A2 A3 L A5 1
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4.4 ZRMEXIEIAIM BRI )

XFFEAA G B ORURE R IR TR TE L LR
DL K iE B JE (re-entrant) 45 14 45 3 T B 35 KR40 , 2 5 HK
SR AN T 22 1) T A A TR oK AR Maxwell
D7 R BB AR AR R R 2 AU IS . BT, #ESR
UNIZRER: SIS sy i3 R RN E Sk S B a2
AR,

/N 3. 3TN A T H RCWA I EH T
BB AR AT L AR A 190 nm @9 A5 I G A0 T 8B 4
SUE . RCWA Jr i3 & FOdE F T R Wk a5 44
1M 321 % 78 77 #% (boundary element method , BEM) A Jf]
F WAL R E 2 R85, 5 FEM B R RS
O, BEM H i 32 10 SR il 22 P i o3 72 DX 3
BRCR T o 4508 — DREE B9 A1 %, BEM #5174
AT LA £ B2 43 BT 0 22 3 10T 5 9K S R S ik i Y
ME 2, i 33 4 B ] 58 (holographic recording) i #2 1£ 4%
Vi) A5 358, v A B 1 T B 5 S s X s R0
BB E AT A8 B AR e B RURE R A S AR I A X
M K ZEAE S T80 R AL AN TR A5 A
B = A 0 T AT 8 2 kAR AR B, I AT AR AR T
B A R R AN AR AT RS, B3
7N T T BEM 19 ™ A% A28 F50 00 1+ 95 iR i 45 51, a] LA
BRZEREBNFHT HHEMW T W HRL ., Fang
SR S oD 2 AH R ER S, O ST VR R
A = RS R R R T A RO R S AME T

10 1
51
50 0
]
5
10 .
10 -5 0 5 10

X /um

Signal strength /arb. units

B 13 A& G 5 i A5 250 of o T v 28 3% T 45 4 (70° %
)RR BV BT &AL

Fig. 13 Simulated interferogram of a vee-groove with the

dihedral angle of 70" and the depth of 10 mm using a

rigorous SWLI model. The reversed interference

fringe can be observed

— g g AT BB RS AL T FEM 35 M R T
WA 3T - T A 43 3 O W, SR TE S T R NA B9 1
DLT AT LU a1 AR 1 A B R SRR T B
Yoy At

SIS A SR A B9 77 15RO FEIR G BUA A
LSRR ISP/ R LRI RIEE I PRYEN I R SN I ER) S
BR A 72 A1 B -z P 1T SR o SRR A 4

560 55 3H/2023 F£ 2 A/ M SRBFEHRE
JE R 4 YRR A A S RS
5 RS IREAME

K2 e (calibration ) X = 31 8 2 & A8 2% ok Ui AF
L S (E 3R (traceability ) A JE AL o AR 55K X
A6 T W AR R iR 22 Ab B2 B R 0y i e AT
gk
5.1 H¥RERE

R 1) 4 B 3R SRy > AL X 3 T e R ) e T
R 28 50 % Bt e et 17 198 003 B 2 [) LS00 AR 58 )y
T R 1) 43 B A ) 43 PR DA R R A Y
i) 4an A2 T8 00 30 HR = WA KR 52 64 ( chirped phase grating)
X Fh B i S A 0 JE IR SR AR EAE

Bl 1) 29 B¥ K (axial resolution) 48 & 4 45 5% b FH AE
T A0 2 S8 0 BB PEAN 8 A L IR R 5 5 AR SO
BHE B4 6T P AR AL R 1 7 (instrument noise )
RE S R HSe T AR g A2, 1 an 100%6 S
1) 4 T R RE , UVl o] b AN A7 76 7 0 R 1 203 A A, Uit
RN T o e Rl = ) i WG 2RI BT % NS S =
o BRI R U 2 B R T R AR B A ) BER
ERIG)E TR I BB AR bR .

2% TH JE 55 I B 75 (measurement noise ) f2& — F i
BLiR 22, AT DL o 5 20 M 0k 8 i R AR . @ (2K
W22t ) P34 B8 CPR U ) AR 980 AT L DA fit 3R T 330
T £ 2% S v 4y i A5 B 0 M R RS % B (noise
density) W2 PFN AL S PERE B9 — I 2248 bR , B REUS 1K
IR 2% THT TV S5 A A O R o 5 i A I R e ) 0
AR M T e G 4518 1 ' T S W o M s 2
A7 F T B A T T AR A AR DU R RE T .

S W 7 R4 Fe AR A5 R AT R L GER
A 6T AR 0 SRR W R 2 i o I — A TR
RO () S TR PP AN 9 o A BL ORI R R S B
AR I — A EE N R, 5T BRI R R S ] 2
AR EZR . Pavlicek #1 Hybl™H]  Cramer-Rao A~ 45
ST T H BRI 75 5| A RS S e I PR . SR
T, 5 56 AT 45 AR 2R T, > 185 0 O =7 1 1o 7 {4 £
JE FNAF 76 RS B sl Isf, 0 M 7 2 1 s e o
22 U £ 45 SR OT- Y8, 508 I T 9505 5 R AR AR
AT DAREARA AR MR 7 o 10 TC I 1 D 3% 11 30 02 5 A7 A
AL SR, FR AT LA S AR MR 75 5 SR T, TEAE A IR B IR
BIRYIE O AT Tk Rk R 7 R s A e (L
B Ak 8 - T8 ) /N T AR R G S TR, A BB AT 20 i AR g
AL AN EER AT AR R B AR S R 1
P 3l AT LA 2o i A I AR )N B A B AR
AE T RAMMIE B A — 8 A sl
5.2 BMEMBMARE

& B =5 B A UE 4 (step height standard) & F T 1%
HE #5306 T W AL S ) R & £ (amplification
coefficient) FIZE 1 B (linearity) o Sk T X 28 AN 2 fia) 0] 4
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0 LR AT R o BORE [R) — 5 B g B A o R 5 AR AN
[Fil 0 i) o7 AT 0

Zygo N RN T —FhA HE TR R BB kA
BRRAL GG B B R RXOR Oy kA
63 1S0KE 8 K B R % 546. 074 nm 198 Hg i 4k, # 7
T WK ARUE R G R bR S T WA R B R
Bk 5 G B R R L, 33X RO A E TS R
By o B2 TG, EL i 22 090 0 30 [ s B oK Y
5.3 #EEERET

B 18] W A% (lateral distortion) 77 78 T JL-T- T 4 )6 2%
AR FR G 4 DG T AN A B A1 7 2 T 35 i
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Fig. 14 Nanometer-precision lateral distortion can be measured

using an arbitrary surface based on image correlation

and self-calibration"”

. (a) An arbitrary coin surface;
(b) intensity image of a local surface region under the
interference  microscope; (c) three measurement
positions in a typical self-calibration procedure;

(d) measured lateral distortion of a commercial SWLI
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Fig. 15 Modeled (left column) and experimental (right column)
fringes of a blazed grating at different tilts. An SWLI

model based on the BEM is used. The PV amplitude of

the grating is 200 nm and the frequency is 300 Ip/mm™”.

The solid blue line represents the surface profile used

in the model
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15 pm, PV amplitude is 1. 35 pm) before and after the

error correction. The 2x errors are effectively removed
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