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Fig. 1 Schematic of experimental optical path and 3D map of microscope. (a) Schematic of optical path; (b) 3D map

of microscope
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Fig. 3 Influence of BS and polarization elements on polarization state of beam and interference fringe contrast of system.
(a) Schematic of adjusting incident beam via DW and polarization state change; (b) schematic of splitting of incident
beam into two beams via BS and polarization state change of beams; (c¢) schematic of adjusting incident two beams via
polarizer and polarization state change; (d) object light intensity and reference light intensity versus 0’; (e) fringe

’
contrast versus 0
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Fig. 4 Experimental results of polystyrene microsphere at different optical separation distances
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Fig. 5 Experimental results of polystyrene microsphere obtained under different light intensity ratios of reference light and

object light
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Fig. 6 Experimental results of polystyrene microsphere. (a) Hologram; (b) magnified image of red border area in Fig. 6(a);

(c¢) spectrum; (d) phase diagram; (e) microsphere thickness curve measured along white line of Fig. 6(d)

53] B R JEE BE 29 9. 75 pm, A B AR SC I R dE AT
S5 SCHI EAHT T 100 ASTRER A JEE B X SR EU(E 1 A
(9.84+0.2) pm YU . X EUE T &R 502 2 A A7 0
%) Y ff e

SEEy 1951 4F 36 F A 24 4r B R I K A
(USAF195D) 1 g T 45 A% 3R G2 43 B Be 7 19 I 4k xf
S B T RZARG T IR B S8R AL G A i
Dk RE e B R AT AL AR TR, b T
552 2% e OE R 43 AR N B0 F o R W T ARS8
K P AR A 5 K 5 B — 1 228 kR KA BR Y
D5 ¥k UEAT TR B P A Ak B, 4R A5 A 5 R A 7 (D

Pirs . LR W% R GERETE M IR 215 7 41568 6
JCER LR AT 2. 19 pm. il A AR YRR S B9 AR
B FEMIEN] TR G T BB PR

e A2 PIRE BB REAS I D7 T, A F 5 1o AR
(Y 2 3% B AR I A O S 3 X L RS 1Y 4 BT
Kl 8Ca) i 7in, [ 8 (b) Sy Jir 1 IX ds 19 Jey 8 e K 14
B 8 (o)~ Ce) S XoF 17 114 931 3% 41 | 5 JEE TR A = B TRT . A
Jey R R AT LA L B 225 5l Sl 3 23 A 52 1) 1
FEPERY SR (R A 2 N L ST AR AU BE
FF T AT . 0 iR B2 T R O BT BB PR IE R i £ R Y
SR TR R BCAM AT R 091, 381, K8 (e) i

1309002-5



Bl 7 USAF1951 43 B R A 1y SL 56 45 1A .

F£49% £ 13 #/2022 £ 7 B/hE#¢

(D)4 B (D) K 7 ) A2 HE K R B 5 Co) S 1% & 5 (D) o B (/]

Fig. 7 Experimental results of USAF1951 resolution board. (a) Hologram; (b) magnified image of red border area in

Fig. 7(a); (c¢) spectrum; (d) amplitude image
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(c) spectrum; (d) amplitude image; (e) three-dimensional diagram; (f) onion thickness curves measured along solid line

and dotted line in Fig.8(e)
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Abstract

Objective  The digital holographic microscopy technology can perform real-time quantitative imaging and visual
measurement of phase objects and various microstructures under non-contact, non-staining experimental conditions. It
plays an important role in life, medicine, environment, materials, manufacturing, and other fields. As the object and the
reference beams pass through the same optical elements, the same phase noises are introduced into them. The structure
makes the common path off-axis digital holographic microscopy (CO-DHM) more stable. However, the contrast of the
hologram fringes recorded by the traditional CO-DHM system is often poor, and the utilization of the space bandwidth
product of the recording device is insufficient. These defects seriously influence the filtering process and the quality of the
reconstructed images. In this paper, a novel CO-DHM based on a beam splitter is proposed. The intensity ratio of the
object and reference beams can be adjusted. The separation distance of three spectral terms in the hologram can also be
flexibly controlled by this structure. The feasibility of adjusting stripe-contrast and spatial-frequency is analyzed
theoretically and experimentally, and the imaging performance of the system is verified by the experimental analysis.

Methods The setup of the proposed CO-DHM can be referred to Fig. 1. In order to analyze the system ability to
separate and regulate the object and reference beams, the lateral offset distance range of the incident beam splitter is
calculated (Fig. 2). In addition, the ability to adjust the fringe contrast is introduced. The polarization states of the
object and reference beams when interference occurs are analyzed by the Jones matrix. The intensity of each light and the
change in the contrast of the interference fringe are analyzed in different principal-axis azimuths of the polarizer (Fig. 3).

Results and Discussions In the control performance of the system, we use (9.8+0.2) um highly dispersed
polystyrene microsphere (refractive index n = 1.593) as the sample. The separation distance between the object and
reference beams is modulated by laterally moving the beam splitter (Fig. 4). When the separation distance between the
object and reference beams is 5 mm, the spectrum is aliased. If the spectral filter area including the zero-order center is
too large, the fringe information is introduced in the phase diagram. Even if the filtering area is reduced, the low-
frequency information of the 0 order is still introduced, which brings noise interference to the reconstructed phase
diagram. When the separation distance between the object and reference beams is 9 mm, the spatial-frequency is
separated fully, which avoids the above situation. It is helpful for the reconstruction of digital holography. In order to
analyze the influence of interference fringe contrast on the experiment, we modulate the light intensity ratio of the object
and reference beams to 1:1, 6:1, and 34:1 by rotating the polarizer (Fig. 5). It can be seen that the fringe contrast of
the hologram is significantly reduced as the light intensity ratio increases and the * 1 orders bandwidths are also reduced.
The noise carried by the object beam is more obvious, and the quality of the reconstructed image becomes worse.
Therefore, adjusting the contrast of interference fringes is an important part of digital holographic recording. In this
system, the light intensity ratio of the object reference beams can be adjusted flexibly, which can effectively avoid the
occurrence of the above situation. In the imaging performance of the system, the same polystyrene microsphere sample is
used to perform a quantitative imaging test (Fig. 6). It can be seen that the reconstructed microsphere thickness is about
9.75 pm. In order to ensure the reliability of the experiment, the thickness of 100 microspheres is measured and
analyzed, and the values are all within the range of (9.8+0.2) um, which satisfies the nominal diameters of the
microspheres and verifies that the quantitative phase measurement is accurate. We test the capability of the resolution by
imaging the standard USAF1951 resolution plate (Fig. 7). It can be seen that the system can clearly image the sixth
element of the 7 groups, which means that the resolution can reach 2.19 pm. It is suitable for the imaging of biological
samples, which fully proves that the system has excellent imaging resolution. Onion epidermal cells are used as the
experimental object (Fig. 8). The experimental results show that the thickness of onion cells is about 4.2 pm and the size
of individual cells is about 190.0 pm, which fully proves that the system has excellent imaging performance for biological
samples.
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Conclusions The experimental results show that the effect of arbitrarily adjusting the contrast of the hologram
interference fringe is achieved by rotating the polarizer, the flexibility of the system is effectively improved. In addition,
the degree of separation between the object and reference beams is controlled by rotating the beam splitter. The
separation distance between the 0 order and *+ 1 orders in the Fourier transform is increased to extend a filterable region
and avoid spectral aliasing. The method in this paper provides a technical support for the production of digital holographic
microscopes.
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