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Design of spectrally encoded real-time slit confocal microscopy

Jeongmin Kim(Mechanical Eng. Dept., KAIST), DongKyun Kang(Mechanical Eng. Dept., KAIST),
DaeGab Gweon(Mechanical Eng. Dept., KAIST)

ABSTRACT

New real-time confocal microscopy using spectral encoding technique and slit confocal aperture is proposed and
designed. Spectral encoding technique, which encodes one-dimensional spatial information of a specimen in wavelength, and
slit aperture make it possible to obtain two-dimensional lateral image of the specimen simultaneously at standard video rates
without expensive scanning units such as polygon mirrors and galvano mirrors. The working principle and the configuration
of the system are explained. The variation in axial responses for the simplified model of the system with normalized slit
width is numerically analyzed based on the wave optics theory. Slit width that directly affects the depth discrimination of the
system is determined by a compromise between axial resolution and signal intensity from the simulation result. On the
assumption of the lateral sampling resolution of 50 nm, design variables and governing equations of the system are derived.
The system is designed to have the mapping error less than the half pixel size, to be diffraction-limited and to have the
maximum illumination efficiency. The designed system has the FOV of 12.8 um x 9.6 um, the theoretical axial FWHM of 1.1
um and the lateral magnification of -367.8.
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Fig. 1 Configuration of the proposed confocal microscopy

Aok AxEle] AdEE Fig 1 3 gk Fx
A TR BEo] ofd &3S AFEEl] AW o
2 T ARE 3 Ao I53 adu 3
o Fd3 Ty IJHEAAE o] &5t B Zd
71ES TS AJHA &3 Zo FIae
ool AxY ¥ ARE 47 g2 gHgo
Atk webs AHE 2 Ahdow 2Ha

x4 5

577

23 252 p AFoE WwEo AN F3Ad =
g = JEE A RS 47 Y A=
g S T4 4GS 405 nm 23kaL =Y
Z9 FATHNAYS F7]FlNA Azl 095 =
3t}

A4 A= FxH AT E yzZdstal CCD
of g AAtsle gaS 3t JHEAAE o] &3

yzdgsta, #25AF B2le]l cCcD hHEE o]

sitl. cCD ZhHlEke] 8} (pixel) 715 7.4 umx 7.4
m o], A A7]E 640 x 480 o]t}

[t

F2d YoAelA 2ol Fe ¥H 9 54
of APAH G MABE o] EHS HAL &
ot FE o 5A4e AlEdoldstEd G
o a9 = AP FSAPSF) Aol A
5 of of gt}

| Sor Sou |

T
| P vt S
| Objective lens / .0L M lm.f ;)L

Slit Specimen

Fig. 2 An equivalent single lens model of confocal optics
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Fig. 5 Normalized axial resolution and signal intensity
with normalized slit width (simulation result)
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Table 1 Design variables of confocal and imaging optics

Design variable Notation
Slit width w

Slit length L

Tube lens focal length ft e

Full field angle caused by L and the

tube lens full _ field _L
Source bandwidth AL
Grating groove density G
Grating diffraction angleat 4, 0,
Grating dispersion angle QM peld Gratine
Relay optics angular magnification M,
Imaging lens focal length S
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L
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Table 2 Designed values of confocal and imaging optics
Design variable Value
w 50 um
L 2.713 mm
f e 100 mm
full _ field _L 1.607°
AL 13.62 nm
G 2400 lines/mm
0, 29.1°
Hfuzl field _Grating 2.143°
M, 0.19 (= 19 mm/100 mm)
onaee 125 mm
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