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Abstract Dual-wavelength image-plane digital holographic microscopy based on bi-color LED chips is proposed.
Firstly, a red LED chip with central wavelength of 670 nm and a green LED chip with central wavelength of 521 nm
are packaged as a hemispherical LED chip. Composite holograms at different wavelengths and phase shift are
recorded with a color CCD camera. The phase distribution and surface profile of the sample are reconstructed based

on the color separation technology, phase shifting technology and dual-wavelength phase extracting technology. The

feasibility of the proposed method is demonstrated by the experimental results.
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Fig. 1 Packaging structure of bi-color LED chips. (a) Front view; (b) top view; (c) circuit; (d) physical map
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Table 1 Optical properties of the utilized bi-color LED chips

Color Central wavelength A, /nm Wiy /nm Coherent length /pm Luminous power /W
Green 521 28 9.69 1.90
Red 670 17 26.40 2.06
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(b) dual wavelength phase map without phase distortion; (c¢) 3D surface profile of the tested sample;

(d) comparison of the measurement data

0111004-5



n
¥

{5

R TR BIA SO R 5 A S OGIR AR B A AR Y
RY R R, 40 AR @ LED i DL K5 W
LED ith i 3 K AR R 8943 37 LED 6 U5 X 98 0 B & i
77 30 min L&, M FFEET A2 1 min, 105, 5
XFEL7(h) A RPN T Y 7 34 08 AR Ak H AR (5
LED 8 B A K 4 376 U8 0 30 v £ 45 5, W&l 8
Ji7s . ML 8 AT LA Y, 75 4K I 8] 34 22300 & 1 1% 0
TR T RE LED G R 1 S KAR AT 2 8
8 RN R G 1 R M B O T AL B Y 43 S G TR DU
HARG., Wi, A EAR TR RERENE.

0.70

—a&— proposed
0.65 -

—=— traditional

0.40 1 1 1 1 1
5 10 15 20 25 30

& /min

Bl 8 AXFRGE S oG & R ST E PEXT
Fig. 8 Comparison of stability between the proposed system

and the system with two individual light sources
:b N
4 4 e

L5500 LED BEHR R 62 B E 2 EHoR
LY A AR EEA L $2 1 T — Ff 2 F X LED
B BB AR T 4 B RN R OF AT
TR R . A5 R R %R e ] LU Ak b AR IR
N it S A AR 82 23 A R Y O3 A . iR ST HA
PR BT Bl R Gk T 2 st
TR AT R O IR SR OL T BT L IX RE 8 A A TR
P 56 1 B R 2 08 5 AR R RO DR AR E PR R KA
FHIR SR B e Bl I e AR AR E VR R L B R

s X X
[1] Yuan F, Yuan C J, Nie S P, et al. Digital holographic
microscopy employing dual-Lloyd's mirror[J]. Acta
Physica Sinica, 2014, 63(10): 104207.
=K, BES, ZFE, . W Lloyd TR R
O EART]. Y324, 2014, 63(10): 104207.
[2] ZhaoJ, Wang DY, Li Y, et al. Experimental study on
the quantitative phase-contrast imaging of the biological
samples by digital holographic microscopy[J]. Chinese
Journal of Lasers, 2010, 37(11): 2906-2911.

[3]

[4]

[7]

(8]

(9]

[10]

[11]

0111004-6

B, ERHE, B, F BT BRI T4
WIRE AR A SIS B SR B SR (1] T B O, 2010,
37(11): 2906-2911.

Pandiyan V P, John R.

platform for quantitative phase imaging of lab on a

Optofluidic bioimaging

chip devices using digital holographic microscopy[J].
Applied Optics, 2016, 55(3): A54-A59.

Kemper B, Stiirwald S, Remmersmanna C, er al.
Characterisation of light emitting diodes (LEDs) for
application in digital holographic microscopy for
inspection of micro and nanostructured surfaces[]J].
Optics and Lasers in Engineering, 2008, 46 (7):
499-507.

Deng L J, Yang Y, Shi B C, et al. Refractive index
distribution and surface profile measurement of micro-
optics based on dual wavelength digital holography[]].
Acta Optica Sinica, 2014, 34(3): 0312006.

MW, #H, AW, . ETERKEF2ER
BTG 2 e 3 5 46 00 A B T W = [T e
R, 2014, 34(3): 0312006.

Wang Y J, Jiang Z Q, Gao Z R, et al. Investigation
on phase unwrapping in dual-wavelength digital
holography[J]. Acta Optica Sinica, 2012, 32(10):
1009001.

EOPE, VAT, R, S SUEREF 2 B AL
MR T S [T, S 2# i, 2012, 32(10):
1009001.

Wang Z M, Jiao J] N, Qu W ],
programming phase unwrapping for dual-wavelength
digital holography[J]. Applied Optics, 2017, 56(3):
424-433.
Abdelsalam D G,

Single-shot, dual-wavelength digital holography based

et al. Linear

Magnusson R, Kim D, er al.

on polarizing separation[J]. Applied Optics, 2011,
50(19): 3360-3368.

Kou YL, LiEP, Di]J L, et al. Surface morphology
measurement of tiny object based on dual-wavelength
digital holography[J]. Chinese Journal of Lasers,
2014, 41(2): 0209010.

WA, ZEE, WL, & AAMEREFELE
ORI RN R IE AR L] . P EEOE, 2014,
41(2): 0209010.

Zeng Y N, Wang F, Lei H, et al. Surface profile
measurement of microstructures based on dual-

wavelength digital microscopic image-plane
holography[J]. Acta Optica Sinica, 2013, 33(10):
1009001.
WOHEAR, VEE, T, AL MUK BCE BRI e R
AR AR R ITEAL[T] . SL22 4k, 2013, 33(10):
1009001.

Wada A. Multiple-wavelength holographic interferometry



ot &2 # 2
with tunable laser diodes[J]. Applied Optics, 2008, Opto-Electronic Engineering, 2015, 42(1): 25-31.
47(12): 2053-2060. WIE, BEDF, WEE. RSB K28 &
[12] Rinehart M T, Shaked N T, Jenness N J, et al. FEAB RS TR A I g . )], e TR,
Simultaneous two-wavelength transmission quantitative 2015, 42(1): 25-31.
phase microscopy with a color camera[J]. Optics [17] Deng L. J, Yang Y, Shi B C, et al. Two-step phase-
Letter, 2010, 35(15): 2612-2614. shifting digital holography based on extraction of
[13] Min]J W, Yao B L, Gao P, et al. Dual-wavelength phase shift[J]. Chinese Journal of Lasers, 2014,
slightly off-axis digital holographic microscopy[J]. 41(2): 0209014.
Applied Optics, 2012, 51(2): 191-196. I, M5, AN, S BT AR R HOR 2D AR
[14] Jeon'S, Cho J Y, Jin J N, et al. Dual-wavelength BEEa BRI, hEWEOE, 2014, 41(2): 0209014.
digital holography with a single low-coherence light [18] Gong Q, Qin Y. Extraction of real phse-shifting angle
source[J]. Optics Express, 2016, 24 (16): 18408- in two-step phase-shifting digital holography[J]. Chinese
18416. Journal of Lasers, 2010, 37(7): 1807-1811.
[15] Gass J, Dakoff A, Kim M K. Phase imaging without W, Z. L HEBER T2 8 b XM E AR
2n  ambiguity by  multiple-wavelength  digital W], P EESE, 2010, 37(7): 1807-1811.
holography[J]. Optics Letters, 2003, 28(13): 1141- [19] Colomb T, Cuche E, Charriére F, et al. Automatic

[16]

1143.
Pan W Q, Gong G F, Fan Y F. Low noisy dual
wavelength digital holography and application in the

ultra-precision machining surface measurement[]J].

0111004-7

procedure for aberration compensation in digital

holographic microscopy and applications to specimen

shape compensation[J]. Applied Optics, 2006,

45(5): 851-863.



