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Fig. 1. Geometric relationship of anomalous acousto-optic
interaction. The t-axis represents the [110] axis of TeO,
(the direction of the ultrasonic shear wave), and the zaxis
represents the [001] axis of TeO, (the direction of the incid-
ent beam). n, and n, are the refractive index spheres of the
ordinary light and the extraordinary light respectively. ky,
is the diffraction vector of the central frequency of the
broadband diffraction, ky~ kjj are the diffraction vectors of
the two maximum points within the operating frequency
range, and A@ is the diffraction deflection angle of the two
maximum points within the operating frequency range. « is
the angle between the ultrasonic shear wave vector and the

t axis.
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Fig. 2. Schaefer-Bergmann diagram of the acousto-optic de-
flector (with TeO, as the acousto-optic medium), the exper-
imental conditions correspond to the central frequency in
Fig. 4(b). The point on the left is the ~1st order diffracted
light, the point in the middle is the Oth order light, and the
point on the right is the +1st order diffraction light.
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Fig. 3. The Oth order light and +1st order diffracted light of the acousto-optic deflector (AOD) and the acousto-optic modulator
(AOM): (a) When there is no radio frequency (RF) signal input, the incident beam is injected into the AOD, and the Oth order
light will be deflected and does not overlap with the incident beam. When the RF signal is input (at the central frequency), the
+1st order diffracted light appears on the left and right sides of the 0 th order light, and the —1st order diffracted light overlap with
the incident light path; (b) when there is no RF signal input, the incident beam is injected into the AOM, and the Oth order light is
not deflected and overlaps with the incident light path. When the RF signal is input, the +1st order diffracted light appears on the
left and right sides of the Oth order light; (c) the in-plane and out-of-plane rotation angles.

B=0°60=0° pB=5.61°60=3.9° =6.01°, 0="7.8° B=5.21° 60 =2° B=0°0=4° [B=6.42° 0=5.8°
., 100 . 100
% (b) (c) (d) % (f) (g) (h)
i% 50 - - E 50 - - -
=~ 0k L L L B L L &~ 0k L L L L
40 80 120 40 80 120 40 80 120 40 80 120 40 80 120 40 80 120
$E /MHz $FiE /MHz iR /MHz JiE /M Hz iR /MHz $iZ /MHz
100 100
(a) f=82 MHz, 5=0° (e) o f=82 MHz, g =0°

+1 order ¢

L —1 order
@)

TSR/ %
RISRER /%

THINER: 6/ (°) THNTERE 0/ (%)

P4 PO e % A AT S AR 5 KT | T ELRAROE RSB C R, i L AL -1, +1 FATHDERE  (a) ASDE
HACEARAR, —1 FA PIRAT AL, 55— R AT SHARAE A P (b) Wl 2 S8 A G EAVE A, A O o 2 I R, 4 98 45 MHz, 1§ /2 %
RS KA B D B I TR ; HARTE B ((0), (d)) PRt 4T 58 (L 13 MHz Al 15 MHz; (e) A6 R B4R, -1 2% (). +1 %% ((g),
(b)) A7 S AN I S P 6 T AR A 1R, W AR AT BT 98 43 5 15 MHz, 4 MHz, 11 MHz

Fig. 4. Relationship between the diffraction efficiency of the acousto-optic deflector and the incident angles of horizontal and vertic-
al polarization light. The blue line and the red line represent the diffraction efficiencies of the —1st and +1st order diffracted light
respectively: (a) When the incident light is horizontal polarization, the —1st order has two diffraction extreme values. The condition
for the first diffraction extreme value (b) satisfies the anomalous acousto-optic interaction. The diffracted light is vertical polariza-
tion, with a bandwidth of 45 MHz, meeting the requirements of high efficiency and large-angle deflection. In the remaining cases
((c), (d)), the diffraction bandwidths are limited to only 13 MHz and 15 MHz, respectively; (e) when the incident beam is vertical
polarization, the —1st order (f) and +1st order ((g), (h)) diffracted beam do not satisfy the conditions of the anomalous acousto-op-
tic interaction. Their high-efficiency diffraction bandwidths are measured to be 15 MHz, 4 MHz, and 11 MHz respectively.

164210-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 16 (2025)

164210

2 B 7E A A 25 P AT S 8RR A S i v
HRURR, S a2 Bl R AR 20 SR S B e P ok
5, IS A SRR, SH9ES (RF) i@ ad 40
FE NI 2R AR I 5 A T G o (1R 24
30 dBm), BK 5l H " A R0

XFF R, S IO E S AR, 0 %)
e tmdr, 5ASOCATE G Yt hn (5 =
+1 BATHHEH T EAE 0 FOCRI M, hi-1 ZeAi
S ASHGESE G (%R0 AG SR R A 75
BEAR SO 1 PO AR, DL 3(a). SR G IR
RSSO R fo = 82 MHz; 0 26 4 42 X
S G R R OC AR 5 S AT 2 200,
S oy FH H R PR R R ) ff RS R 4
SRR, A Z T, R O S E 5
AR, 0 BOEREAMIT, 5AFEES; it
TGS, +1 FATHICAE 0 ORI 224 I,
TLIE 3(b).

B I A O e 2%, ASHE R A PRI
PR AL R AL 0, ST EH A PIAS A
iF, AR VROULER S -1 F4-1 AT HHE I3 55 258
(AR Ak, FLrh—1 AT S WU SR AR RIS 251, o

B=6.2°,0=0 B=6.2°,0=0.5°
100
(b) (c)
X
%
%(( 50 F
b
0 . .
40 120 200 40 120 200
¥ /MHz AHi# /MHz
100
(a) f=110 MHz, 8 =6.2°
—1 order +1 order
X
%
N 50 -
&
e
=
&
0t ) a
—1.5 0 1.5
HNEF 6/ (%)

B (0=0°, B=0°)F1 (6 =3.9°, B=561°),
W 4(a). 2 (0 =0°, =0°) B}, #FE R 45 MHz
(i T 18T 80%* de ey T AT AU I ST AT 9 ), AL
& 4(b), RfTEREEN 91%, ATEHEEERIR, 5
A CHIIRIR IEAE , T A2 B BN AR A, S
Frs B S 2. 24 (0 = 3.9°, B =5.61°) I,
1 AT SEAE A 13 MHz, WK 4(c), it
RN 67%; +1 BATHA — U B AT HiA% 551
(0=17.8°, B=6.01°), BmEiTHECRER 74%, v
15 MHz, WL 4(d), 3% BRI O8I 5 6 e 3k
5GP EAAAIR], B A SR 5 R 55t

AT EARPRIT, A3 R e mEEan, 1 9
TS A — Rl R AR hiAs & (0 =2°, B=5.21°),
ULIE 4(e), #7560 15 MHz, WL 4(f), e fATaaL
B 67%. +1 BATHAT P A RS SR, 4
BIA (0=4°, B=0°)F1 (§ =58, B =06.42°).
M (0=4°, B=0°) W}, W98k 4 MHz, WK 4(g),
e R T A ROR 95%; 4 (0 =5.8°, B=16.42°)
i, A7 SEAUCA 11 MHz, WL 4(h), 5o AT i 50%
R 76%. ZARS AT CRIR 5 A G IR IEAAH
[7), {FELAG S R ] e 73t

B=6.2°,0=0° B=6.2°, 06 =0.5°

100

(e) (f)
X
43,\4_
3%5 50
=
=

0 . \
40 120 200 40 120 200
A /MHz A /MHz
100
(d) f=110 MHz, 8=6.2°
+1 order
—1 order
X
£
:‘%S 50
=
=
OF .
—1.5 0 1.5
HNEF 6/ (%)

B 5 RO s B AT SRR G KT | T B RO RS AR R, F AL AL -1, 41 BATEDLREE (a)—(c) A

60 T EH PR (d)—() ASHER K ik

Fig. 5. Relationship between the diffraction efficiency of the AOM and the incident angles of horizontal and vertical polarization

beam. The cyan line and the red line represent the diffraction efficiencies of the —1st and +1st order diffraction light respectively:

(a)—(c) The incident beam is vertical polarization; (d)—(f) the incident beam is horizontal polarization.
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Experimental study of TeO, anomalous acousto-optic
deflector for manipulating neutral atom arrays”

LIU FangdeV?  ZHAO FeifanV? LI Yunda? YANG Wenxin "?
YAO XinjiangV?  HAN Wei 2  MENG Zengming V2t  ZHANG Jing V!
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Opto-Electronics, Shanzi University, Taiyuan 030006, China)
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Abstract

Neutral atom arrays have emerged as one of the most promising physical platforms for quantum computing
and quantum information processing due to their precise single-atom control and tunable strong interactions.
The acousto-optic deflector (AOD) is a key device for constructing and manipulating neutral atom arrays,
enabling rapid and high-precision atom trapping and arrangement. However, TeO,-based anomalous Bragg
AODs still face challenges in practical applications, such as unclear broadband diffraction conditions,
polarization sensitivity, and low efficiency, which limit their performance in multi-degree-of-freedom control.

This study investigates the acousto-optic effects in AOD and acousto-optic modulator (AOM), and reveals
their differences in diffraction efficiency, polarization characteristics, and applications. By adjusting the
azimuthal angle of the AOD, we measure the efficiency and RF bandwidth of the +1st-order diffracted beams
under horizontal and vertical polarization incident light, and propose an experimental method to determine the
broadband diffraction center frequency and diffraction order. Additionally, we systematically characterize the
operational parameters of AOM, clarifying their performance mechanisms and application-specific differences
compared with those of AOD. The main conclusions are as follows:

1) The beam deflection performance of an AOD is closely related to the ultrasonic mode or acoustic
velocity: a lower sound velocity results in a larger deflection angles. For TeO, crystals, when a shear wave

propagates along the [110] axis (sound velocity: 0.617 km/s), the diffraction angle reaches 0.842 mrad/MHz
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National Natural Science Foundation of China (Grant Nos. 12488301, 12034011, U23A6004, 12322409, 12474252, 12474266,
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(laser wavelength: 532 nm). In contrast, when TeO, is used in AOM with a longitudinal wave along the [001]
axis (sound velocity: 4.26 km/s), the diffraction angle decreases to 0.133 mrad/MHz under the same
wavelength.

2) To achieve high diffraction efficiency and a broad operational frequency range, the AOD must satisfy the
phase-matching condition for anomalous Bragg diffraction. Taking the AOD (model: AA DTSX-250) for
example, it operates in a unidirectional incident mode: when horizontally polarized light (extro-ordinary light) is
incident, only the —lst-order diffracted beam satisfies the anomalous Bragg condition. The beam undergoes
polarization conversion to vertically polarized light (ordinary light), enabling high-efficiency broadband
deflection (center frequency: 82 MHz, bandwidth: 45 MHz). To support future two-dimensional deflection
implementations, the input and output surfaces of the TeO, crystal are fabricated with slight bevel angles,
ensuring collinearity between the —1st-order diffracted beam and the incident beam at the center frequency. In
other cases—(i) +1st-order diffraction of horizontally polarized light and (ii) +1st-order diffraction of vertically
polarized light—the anomalous Bragg condition is not met. These beams retain their original polarization and
allow only narrowband deflection.

These results demonstrate that AODs, leveraging anomalous acousto-optic effects, can achieve high
diffraction efficiency, wide frequency tuning ranges, and large deflection angles, making them suitable for high-
speed, high-precision beam steering applications. In contrast, AOMs utilize normal acousto-optic effects to
perform rapid modulation of beam intensity, frequency, and phase, and are widely used in laser communication
and optical fiber transmission. This study provides a detailed technical reference for understanding the

operational principles of AODs and their applications in programmable neutral atom arrays.

Keywords: acousto-optic deflectors, acousto-optic modulators, TeO, crystals, anomalous Bragg diffraction,
broadband diffraction

PACS: 42.79.Jq, 42.15.Eq, 42.40.Lx, 42.40.My DOI: 10.7498 /aps.74.20250218

CSTR: 32037.14.aps.74.20250218

164210-8


http://doi.org/10.7498/aps.74.20250218
https://cstr.cn/32037.14.aps.74.20250218
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

P T MR T R B HITe0, R H O 28 ) SEIR BT 52
XN ie REL FxE HER RIT H445 R KH
Experimental study of TeO,, anomalous acousto—optic deflector for manipulating neutral atom arrays

LIU Fangde ZHAO Feifan LI Yunda YANG Wenxin  YAO Xinjiang HAN Wei  MENG Zengming
ZHANG Jing

5] Fi{i5 . Citation: Acta Physica Sinica, 74, 164210 (2025) DOI: 10.7498/aps.74.20250218
CSTR: 32037.14.aps.74.20250218

TELERE View online: htips:/doi.org/10.7498/aps.74.20250218

BN View table of contents: http://wulixb.iphy.ac.cn

LT ARG H A SO

Articles you may be interested in

BT YA ROE T S R B RG] JEE-F TR s A5

Acousto—optic tunable flat top filter based on one—dimensional coupled—cavity photonic crystals

YIHE2EAR. 2021, 70(5): 054208  https://doi.org/10.7498/aps.70.20201461

FET XU 4 e R XU
High—stability dual—-frequency laser based on dual acousto—optic modulation

YA 2025, 74(9): 094203  https:/doi.org/10.7498/aps.74.20250067

GO POL AR ] BEAR AR S BEAE X AR A
Asymmetric transmission of cascaded acousto—optic device and whispering gallery mode microcavity

Y27, 2024, 73(1): 014101 https://doi.org/10.7498/aps.73.20230653

B G QIME IR MgO:PPLNYE S B R 7 28 13.4 o mHP LMK vp R 30648

3.4 . m mid—infrared pulse train laser based on stepped acousto—optic (—switched external cavity pumped MgO:PPLN optical

parametric oscillator

YrH2E . 2024, 73(4): 044206  https://doi.org/10.7498/aps.73.20231348

FETHQ Nd:Y VO, ARG 2 A5 R4 K 52657 nmiflt &

Frequency doubling of acousto—optic Q—switched Nd:YVO, cascaded Raman laser for narrow pulse—width 657 nm laser
YrH2Ed. 2021, 70(22): 224209  https://doi.org/10.7498/aps.70.20210695

TR B A — 2 L5 e ) ) S 6 ol

Experimental realization of one—dimensional single—atom array based on microscale optical dipole traps

YrH2E 4. 2024, 73(10): 103701 https://doi.org/10.7498/aps.73.20240135


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250218
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201461
https://doi.org/10.7498/aps.70.20201461
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250067
https://doi.org/10.7498/aps.74.20250067
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20230653
https://doi.org/10.7498/aps.73.20230653
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231348
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231348
https://doi.org/10.7498/aps.73.20231348
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210695
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210695
https://doi.org/10.7498/aps.70.20210695
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240135
https://doi.org/10.7498/aps.73.20240135

	1 引　言
	2 声光偏转器和声光调制器的工作原理
	3 实验研究
	4 总　结
	参考文献

