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Table 1 Parameters of three pieces of axial dispersion lens

Lens Front surface curvature radius/mm Rear surface curvature radius/mm Glass material
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Fig.8 First type of axial dispersion lens

P AL 2 R B (MTF) #1590 [ EPEM 6 R 4
TG R 2w R B O ik S — i ) € BB Sk AR
w3 K 575 nm &k i MTF F£E 450 nm. 500 nm .

(@

TS Diff. Limit
TS 0.0000 mm
H||T54.5000m H
1
[

TS 6.3640 mm

TS 7.7942 mm
TS 9.0000 mm
I

1.0
0.9}
<9

= 0.8 o
E 0.7} —_
g o6

05}
3
= 04}
03}

= 0.2
0.1F

0 144 288 432 57.6 72.0 86.4 100.8 115.2 129.6 144.0
Spatial frequency in cycles /mm

550 nm 600 nm .650 nm 700 nm ¥ K T 4 4 51 & 1 &
9Fi /R, Al IR B MTFHIEA S5/ 5 R E S, R
BER 77 B (RMS) - A2 30 7E S L BE A2 DA, B3k 1Y

®) Wavelength: 450 nm 500 nm 550 nm 600 nm 650 nm 700 nm

Field of view
0 mm

SORCRONORORO,

v 0 OGSO
am D @ © @ @ @
o © @ @ @ @@
S & FORORO

B9 2 — il ) €0 U8 2k o (a) MTF ;5 (b) 81
Fig.9 First type of axial dispersion lens. (a) MTF; (b) point plot

2022001-5



AR B i B

A Bl (0 22 RIVTE Rl S8 S [R]85 101 2R 4 i 1
Tl r 2 S MR R AR G 1) ARG I Y 7 B R 2, NS
AIRE/N o AR BB Sk I O S A (5 IR B R 2
25, AT 45 1 45 I (0 BT Y ey 28 B A% 37 T AN [ B
T R M AL A B /N T T A 1 SR B B
P10 24 75 A TR B 258 A [ 95 4 i 3R A s XoF Bz ) 3 By
A7 8 A X 0 PR 575 nm B B, L 10 BT LLE B
L i 5 e R, AR — AE 7 1. 0 A i 48 X i 5 /0
T 7 pm, O BLBE Sk BB AR AE A B IR Z DT
7 pme 7RG S5 R b BRI T3 S e A A IE R
E— A A A Al (0 22 T R0 SR A A S

ARG 48 A Al ) € BB Sk B IR B R ek A
Sk B R A 0 ek 28 S92 A T0T G SR R 1] Bl A1 1) A 00 T

1.0

0.9}
g0s
4$ o [
2 0.7}
=
3 0.6
5 05/
So4;
% 0.3}
S 0.2}

0.1

n

2 0 2 4 6 8
Vertical chromatic aberration /um

E10  TEhhz

Fig. 10 Vertical chromatic aberration

% 43 % F 20 H1/2023 £ 10 B/ RFFHR

FRAL 25 278, BB T B O B 55— o) € OB Sk g 4,
BT IE Al L2 BT SR e €0 808 Sk i il K R
—0.3, WAL PR A, GAHBELMFH 1.2
AL RLHAS SO P Se 25 40 0 2 Ak BT IR T — 1S
HL28k HHFEONL 2,45 2. 7mm, KKK
AE/NE K FEFEZ KT 1 mm, HAKE 55 —F
e s Sk R AR AR A . S R R AL Sk AL s
B 11 B s, P A A Bl T B 102 mm, AR
P (5) , A4 Al LA oT ik 0. 18 mm 14 €5 IR 25, DA T %
REEE R 1. 2 mm,

2.7 mm

1.02 mm

FU1T 58 Al (o B Sk 4l

Second type of axial dispersion lens rear group

B ET A L1 BE Sk AN EE R e 2 B Sk 1Y ' PR S BE
Eoy e VI L [ o 1 T R € S B 9 S
Bk 5 FEEE e A RAL &5 R an & 12 R, R AR
e A 1. 21 mm. 55 R A 1 00 B Sk A ol
K 575 nm &b 5 MTF F1 7€ 450 nm . 500 nm . 550 nm .
600 nm 650 nm 700 nm & T /9 &5 B an & 13 frs,
MTF B HE A 322 3 A7 S PR, R BOBE ) RMLS 2 728 s i
AL BB AR AN, Bk 19 1% i A A -

Fig. 11

A

1.21 mm

| !

; 1

L

P12 5 b (B Sk

Fig. 12 Second type of axial dispersion lens

TS Diff. Limit
TS 0.0000 mm
“H TS 4.5000 mm
L

TS 6.3640 mm
TS 7.7942 mm
H TS 9.0000 mm

L

0 144 288 432 57.6 72.0 86.4 100.8 115.2 129.6 144.0
Spatial frequency in cycles /mm

(®) Wavelength 450 nm 500nm 550 nm 600 nm 650 nm 700 nm

Field of vi
Wil o o ® ® ® ©

45mm L ] o ® ® ®
6.4 mm ' ' ® ® ® ’

Y v v ° 9 9

7.8 mm

9.0 mm

Wy

P13 35 — Al B Sk o (a) MTE; (b) 551 &
Fig. 13 Second type of axial dispersion lens. (a) MTF; (b) point plot

2022001-6



g5 Bk AR SCB T T R P BR R AR A W] 1Y T L
By (0 HIUBR Sk, o €0 RO Sk Sk P L e 5 R 4 s 4 RD
SIS R BRI PERE S BN R 2 B R AR
SR AN OR R F RO 61 ¢ &, 60 [ i s i
E=(5).
F2 EHESPIRERS
Table 2 Two types of performance parameters of dispersion

lenses

. First type of ~ Second type of
Performance index

dispersion lens  dispersion lens

Wavelength /nm 450-700 450-700
Object height /mm 9 9
F number 4 1.2
Vertical axis magnification —1 —0.3
Image height /mm 9 2.7
Axial chromatic aberration /
4.06 1.21

mm

@

axial dispersion lens front group first type of axial

dispersion lens rear group

(Dl

second type of axial
dispersion lens rear group

43 3% 5 20 H1/2023 £ 10 B /¥ ¥R

4 v O Sl 1) 2 B Sk A

XoF i A0 3 Bl 1) € OB Sk HEAT R ML I R LS A
) T P RS A P 14 TR Bl € BOBE Sk 04 R 4 AN
AP TP AT e AR Sk v AR R R B R
[E1) 30 Ao o P 4 o V) ol e S5 P P T o BRI ER Y
TN 22 885 R FF AL TR 2= 200 T, e
JH o g 25 0 ASCOGT B Sk Bl B 2B A S il ) €L IR
S (B 1

K ZY GO T #5300 il 1] €0, 18 Sk AT 18 A
W, BRI 2 BN 15(a) IR . BOLRELET
il € BB Sk W O R A ORI S i B Sk R RS
Y BRI IS S 45 A0 B0 07 B AR B T B R
R R FEIR F ZY GO T WALE 5 2 2% A A 8 =
AT B0, PRIl O Sk O R A S b T
R I 25 S 2 3 TR B — i Al 1 €0 BB Sk BT RMS
{EAE 0. 0534 F] 0. 0754 =Z [a], 55 —Fi Al 1] €2, #5035 K I i
RMS{EZE 0. 061A £ 0. 0782 Z 8] .k 1fi e K AH 5 e/

axial dispersion
' lens front group

second type of
dispersion lens axial dispersion
rear group lens rear group

first type of axiall| second type of axial
dispersion lens dispersion lens

P14 Al (BT Sk o () JEHLES H f T 1 5 (b) B2k 5

Fig. 14  Axial dispersion lens. (a) Optical and mechanical structure profile; (b) physical object of lenses

(b)

PV0.371A

RMS 0. 053;/
.
.

BI1S A o (a) SCU 2 B 5 (b) 55— b il 1] €0 OB Sk rh 0o LS5 T W00 D0 245 23

Fig. 15 Interference detection. (a) Experimental setup; (b) results of interference detection in the center field-of-view of the first type of

axial dispersion lens
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Table 5 Standard deviation and average absolute error measured by snapshot chromatic confocal measurement system

Centre field-of-view Edge field-of-view
Parameter -
450nm  575nm  700nm 450 nm 575nm 700 nm
) Standard deviation /pm 1.778  2.234  1.999 1.625 2.965  2.339
First performance parameter
Average absolute error /pum 1.377 1.756 1.637 1.210  2.466 1. 865
Standard deviation /pm 0.747  0.747  0.599  0.739  0.856  0.714

Second performance parameter
Average absolute error /pm 0.590  0.611  0.476  0.790  0.763  0.567
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Fig. 22 Axial resolution test results. (a) First type of performance parameter; (b) second type of performance parameter
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Table6 Two performance parameters of snapshot chromatic confocal measurement system

Parameter

First performance parameter

Second performance parameter

Axial measurement range /mm
Horizontal detection area /(mm > mm)
Axial resolution /pm
Area array sampling resolution /pm
Spot diameter /pm
Maximum measurement standard deviation /pm

Maximum average absolute error /pum

4.013 1.193
1410 4.2X3
<4 <1
100 30
20.53 7.22
2.965 0. 856
2. 466 0.79
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Abstract

Objective

Chromatic confocal technology is one of the most commonly used optical methods for three-dimensional

surface morphology detection. It is a non-contact, non-destructive measurement, which is very precise, fast, and

insensitive to the surrounding environment. Presently, the point and line chromatic confocal technologies require one- or
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two-dimensional space scanning during detection, resulting in low detection efficiency. Multi-point array or snapshot
chromatic confocal measurement technologies have been investigated for improving detection speeds. The axial dispersion
lens 1s one of the important components of the measurement system. The dispersion range of the lens and the image space
numerical aperture determines the axial resolution and the maximum measurement angle of the measurement system, and
the field-of-view and magnification determines the lateral detection area. A survey showed that the majority of
contemporary wide-field chromatic confocal dispersion lenses adopt expensive diffractive elements and aspheric surfaces
and produce a narrow field-of-view and dispersion ranges. The objective of this study is to design a wide-field long-axis
dispersion lens to enlarge the measurement area and improve the accuracy of a snapshot chromatic confocal measurement

system.

Methods The surface white light passes through the dispersive lens and generates the surface axial dispersion. Light,
with different wavelengths, is focused at different axial positions, and the same wavelength and different fields-of-view are
focused on the same vertical plane. The dispersion lens is required to meet the telecentric conditions in the image and
object space to receive the maximum amount of light, reflected from the measured object. The double telecentric
dispersion lens with — 1 magnification is divided into two parts, front and back group, which are symmetrical at the middle
point. The back group is designed first, and the front is its mirror image. The axial dispersion distance is twice that of the
back or front group. As suggested by the structural characteristics of the dispersion lens, the Cook three-piece is selected
as the initial structure. The axial chromatic and residual aberration evaluation functions are established to obtain the initial
parameters of this structure and design the symmetrical half-group lens. After flipping and combining the two assemblies,
the whole dispersion lens is obtained. Then, the Cook structure is adjusted by trying back group with different numerical
apertures and combining them with their matching front group to obtain a wide field-of-view axial dispersion lens with

adjustable performance parameters.

Results and Discussions In this paper, a wide field-of-view axial dispersion lens (Fig. 14) was designed. Its performance
parameters can be adjusted by replacing the back group, and the effect of parameter adjustment is elucidated. The
dispersion lens designed in this paper is characterized by two sets of performance parameters. The first set comprises a
9-mm image height, 4.06-mm axial color difference, 4 F number, and — 1 magnification. The second set includes a
2.7-mm image height, 1. 2-mm axial color difference, 1.2 F number, and — 0. 3 magnification (Table 2), and the image
quality reaches the diffraction limit. Reasonable manufacturing and installation tolerances were considered, and the
mechanical and optical parts were produced. Finally, the lens was adjusted using a center deviation eccentricity
measurement instrument for auxiliary group. A ZYGO interferometer was used to test the image quality of the axial
dispersion lens. The results show that the wavefront RMS value of the axial dispersion lens with the first set of parameters
is 0. 0531-0. 0754, while the wavefront RMS value for the second set of parameters is 0. 0614-0. 0784 (Table 3). The first
set of performance parameters is deemed suitable for measuring objects with large detection areas, smooth surface
structures, and large height differences, whereas the second set is for objects with small detection areas, complex surface

structures, and small height differences.

Conclusions In this paper, a design method is proposed for a wide field-of-view dispersion lens, which not only reduces
the design difficulty but also doubles the axial dispersion of the back group of the lens. By replacing the back group, the
lens performance parameters can be adjusted, so that the measurement system can be adopted for more applications. The
objective of a chromatic confocal lens is to expand the dispersion range, increase the image space numerical aperture, and
maintain the near-linear dispersion performance. However, the three parameters are related to the energy utilization of the
measurement system and the volume and complexity of the lens. Increasing the image space numerical aperture will
enhance the signal-to-noise ratio measurement and will also increase the aberration of the lens while affecting the linearity
and dispersion range. A wide field-of-view dispersive lens was developed using the proposed design method, which can
utilize two sets of performance parameters. To verify the performance of the designed dispersion lens, an experimental
measurement device was constructed, which comprised of a light source, a pinhole array plate, and an imaging

spectrometer beam splitting module. The experimental tests demonstrate the feasibility of the proposed design method.

Key words optical design; chromatic confocal; snapshot; wide field-of-view axial dispersion
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