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Fig. 1 Arrangement of laser coherent arrays and phase controlling model. (a) Structural diagram of coherent arrays with regular hexagon

arrangement; (b) sawtooth tilting phase control model
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Fig. 2 Near-field and far-field light intensity distributions for coherent arrays with different numbers of array elements when D, is equal.
(a)(d) 19 channels; (b)(e) 127 channels; (¢)(f) 919 channels
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Table 1 Parameters of coherent array under different area filling

factors
N F R /m d /m D, /m
19 0.019 0.189 0.022 0.778
127 0.125 0.063 0.022 0.778
919 0.907 0.022 0.022 0.778
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Fig. 3 Near-field and far-field light intensity distributions for coherent arrays with different area filling factors. (a)(d) 0.019; (b)(e) 0.125;

0.8

@
0.7

0.6

BPF

0.5

0.4

0.3

200 400 600 800 1000
Number of arrays

(c)(f) 0.907

30

®)

PSLR /dB
o
S

[\
S

15

200 400 600 800 1000
Number of arrays

F4 FEookok SREE R TP E R C R () FIiEE 5 BPF B9 5C A 5 (b) Lk 5 PSLR Y C £

Fig. 4 Relationship between number of arrays and energy concentration. (a) Relationship between number of arrays and BPF;

(b) relationship between number of arrays and PSLR
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Fig. 5 Scanning angles and diffraction efficiencies of array light field. (a) Relationship between maximum optical path difference and

scanning angle; (b) relationship between diffraction efficiency and scanning angle under ideal conditions
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(a) 19 channels; (b) 127 channels; (¢) 919 channels
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Table 2 Parameters of laser coherent arrays

N A /nm w, /m d/m D, /m
19 1064 0.01 0.022 0.11
127 1064 0.01 0.022 0.29
919 1064 0.01 0.022 0.77
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Fig. 7 Near-field phase distributions and intensity distributions of corresponding far-field scanning points for coherent array under

different deflection conditions when N=19
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Fig. 8 Near-field phase distributions and intensity distributions of corresponding far-field scanning points for coherent array under
different deflection conditions when N=127
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Fig. 11 Customization of optical filed patterns generated by tilting phase-controlled coherent laser arrays. (a)-(c) N=19; (d)-(f) N=127;
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Abstract

Objective Laser scanning technologies are applied into numerous fields, such as free space optical communication, LIDAR, laser
processing, and remote imaging. Therefore, it is important in military equipment and industrial manufacturing. Currently, most laser
scanning technologies are realized by silicon-based photo-electronics, liquid crystal spatial light modulator, micro electro mechanical
system (MEMS), and coherent laser arrays, etc. Among them, coherent laser arrays are proved to be an efficient method for
generating laser with high power, brightness, and beam quality. Owing to designable coherent laser arrays and flexible phase
controlling algorithm, remarkable progress in scanning technologies has been realized. In 2022, Zhou et al. utilized constant piston
phase differences between —= and = to control the positions of far-field light spots, with limited maximum scanning angle and
relatively low diffraction efficiency. In 2021, construction of quasi-continuous scanning system with the combination of micro-lens
arrays and adaptive fiber optics collimators (AFOCs) was proposed. Such a system realizes controllable tilting-phase mainly by
AFOCs. However, only experimental results of one-dimensional quasi-continuous scanning patterns are provided. Thus, it is urgent
to study more possibilities in the customization of any light field patterns and determine the detailed scanning characteristics under the

condition of huge coherent laser array to satisfy additional application requirements.

Methods The method of two-dimensional continuous scanning is mainly based on the regular hexagonal arrangement of coherent
laser arrays. Then, the phase modulation mode is set as the sawtooth titling phase corresponding to maximum optical path differences,
which belongs to a type of blazed grating phase-controlling mode. When the maximum optical path differences of adjacent sub-
apertures increase, their phase differences increase, i.e., the tilting phase in single sub-aperture can sustain periodic change compared
to constant piston phase. Therefore, the beam will deflect an angle of dduring transmission as the wavefront iso-phase surface tilts at a

certain angle of 4.

Results and Discussions Using typical coherent laser arrays with 19, 127, and 919 sub-apertures shown in Fig. 6, simulated
results of single scanning point locating at y =0, y ==n/2, y ==/4, and y = —=/4 are displayed in Figs. 7-9, respectively. Utilizing
these single scanning points, two-dimensional quasi-continuous scanning can be realized along x, y, y=ux, and y= —x axes, as
illustrated in Fig. 10. All patterns show clear outlines, evenly distributed energy, and a smooth curved effect. Owing to the
advantages of this tilting phase-controlling model, specific scanning patterns (S, B, and W) are constructed by switching the
distributed phase calculated in advance (Fig. 11). Barring the scanning patterns achieved by coherent laser arrays, spatial scanning
characteristics are further studied. Owing to the linear relationships between the tilting phase and the scanning angles, the steering
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angles of far-field beams continuously increase as the tilting phase experiences more periods. Thus, the scanning angles have no
limitations under ideal conditions. Moreover, the scanning straight lines with average distributed energy indicate that near-unity
diffraction efficiency can be achieved by tilting phase-controlled coherent laser arrays. Most importantly, the number of sub-apertures
shows no influence on the diffraction efficiency, energy distribution, and scanning scope. With increasing number of sub-apertures,
the scanning precision is improved owing to the larger caliber of coherent laser arrays. Although the grating lobes exist near the central
bright spots, the increased sub-apertures can avoid the interferences to some extent because of long distances among them. Notably,
the focused energy of far-field spots is higher as the number of sub-apertures increases, which is beneficial in obtaining scanning
pattens with better performance.

Conclusions With the regulation of tilting wavefront, coherent laser arrays can realize periodical phase change within a single sub-
aperture to achieve single scanning points at any position, quasi-continuous scanning, and customized specific optical field patterns in
a two-dimensional plane. Compared to the piston phase-controlling model, the scanning characteristics of coherent laser array with the
controlled tilting phase are optimized. First, the diffraction efficiency can reach one theoretically. Second, the scanning range is not
limited under the ideal condition. Last, the far-field spot energy and scanning precision can be further improved by increasing the
number of sub-apertures. This work can provide significant guidance in terms of fast optical field coverage and target tracking, and
scanning technologies will develop towards direction of non-mechanical mode, large steering angle, high precision, and anti-
interference. In future, more studies will be performed in this regard, including reducing the influence of gate lobe, realizing the

customization of arbitrary optical field pattern, and expanding the function of coherent laser arrays.

Key words laser optics; laser arrays; coherent combination; tilting control; two-dimensional scanning; light field customization
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