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Large Aperture Visible Light Acousto-optic Tunable Filter

WANG Xiaoxin,ZHANG Zehong,LIU Ling,ZHOU Yimin, WU Zhongchao
(The 26th Institute of China Electronics Technology Group Corporation Chongging 400060, China)

Abstract: In order to improve the light energy of spectral imaging system, a visible light AOTF with light aper-
ture of 20 mmX 20 mm is presented in this paper. Compared with the common AOTF (light aperture of 10 mm X
10 mm), its light flux is increased by three times. In this paper, the diffraction efficiency formula of AOTF inclu-
ding the attenuation coefficient of sound wave, operating frequency and the distance from light to transducer is also
derived for the first time. The diffraction efficiency of AOTF can be calculated more accurately by using this foumu-
la. The experimental results show that the AOTF with two transducers has a operating bandwidth of nearly 0. 95
octave, filtering range 0.4 pm to 0.9 pm, diffraction efficiency of greater than 60% , spectral resolution of less than
10 nm.

Key words: acoustooptic tunable filter; light aperture; spectral range; diffraction efficiency; spectral resolution

Vol. 41 No. 5

0 3%

FEOG AT R BB A% (R FR U864 ) 1 T e 2 3 i
FL IR I8 1 7 2O R 2 01 v i e i e K A S
B BAARER o pe s 2 AL IS o B s FR ., 4
Dt PR AT B D) 4 S A RO R R AW
FA 2 67000 FL s R 1 B 2 5 e i R R 4
MYERE . B AT H A e R R ER LR A
10 mm X 10 mm, FR 16 3% B R 48 1Y 38 O fE
st [ s DA 6 T T B 81 4 0 5 A DG L Sy st
FATEATAE T —Fh KL G AT RG4S .
1 ikt

TE G2 2RI 45 1 S M A o SR AR A AR R T Y
SCH AT WS 25 1F O T B g 6 G ik L 2R

K F8 B #7:2019-03-04

VT B il 2 UG T B R B R 2 L
TR 1R . B 1 T AR AR
i fa KLU UK R A~ (AT B 28 10
TR fo~ fo 2 % BLUE B0 K 2. ~ A,
CULET 2) 355 B T A 6 Al 25 0 T 9 5 3 9 1L
A2 I T BRI

[ i (e s

1 AR EH

EER N EBH 1975, 5 LR AL m P LRI, FZNFHFE AR MBI . BAEEH  REFLL 9685, BN H A AR MBI .

E-mail: 13637790568@163. com,



636 E B 5

= 2019 4F

O A A A,
B2 ugota K S % R
2 EESHEI
2.1 RiEeEE5ITEME
UE AR R A KA AL AR A 1) TAER K
R EA R E 3 FiR. B[00 15N &
PG HH e F ng 53 501y TR G o SLAIAE R OB e
Jer T g R, B 3 AT 0 JEA e JE AT S R il
181 53 590 A 18RRI 2R e o U 5 0 oy
o, K KyFl K, 53 3 A6 % & AT 59 O
JR VR PSR

[001]

an

/ .

& 3 ‘2}529&%121
Rl [ 1) K A L AR 75 0 T 9 8 O e B IR
A e O, AT h
n; = 1/ +/cos*8./n, + sin0. /n. (D
K 0 NGOG A . AT ETE SR 8 A I3 AR
0s°H

fs = arctan[(%)u X tan (9‘:| (2)
TAESR O 5P K Qo) BRI £ .
f:AE n’ +n’ — 2nn,cos (0 — 0y) (3)
0

Ao HAHE B HE . JEfL1E 20 mm X 20 mm 1§
FeAw o 75 AT R B T I A 20 2 RS 1) ik
SO S AR A PP I R U AR AR 0 5 A
TE L T A A3 236 80 P IR o D K A SR R AT
PRI, BT o) 75 St R AR A 2 1) AR A

arF TAESR 5750 B M BUE . AR
AR 43 B AR R/ L T S A AT SO Y B R

Ko BUR R G R BB K 5 fe =z s AR M8 5 43 5
FERR B 5 B4 R AT S O 0 B BB LR R S
PRI PR DTN AR 2R e AR BB 1 BE L A
TAEARIS A fE &

Zi G HIE L ASHOGH e O, 0, = 157, X w1y
BB MAT 3.9 A0=0.4~0.9 pm BHXF I
f M 139.2~49,8 MHz, L TAER 844 0. 95 A4
Fi, BLAo=0.6 pm, f=79 MHz & 43 Bt.139. 2 ~
79 MHzJy = 5 B s % G A 0. 4~0. 6 pmy
79 ~49. 8 MHz Jy fik 45 Bt %F W i Ao = 0. 6 ~
0.9 pm. A 5 fHYXRRR AR 1 PR,

&1 A § foxx R

55 B Ao /nm f/MHz(Bi8 )
400 139.2
450 115.6
TR A B 500 99. 7
550 88.0
600 79.0
600 79.0
650 71.8
700 65.9
AR A0 Bt 750 61.0
800 56.7
850 53. 1
900 49.9

2.2 fTHEE
B A S B2 A WA A S A X HC A S st
H

7= sinz{i /MZLPa:| 4)
Ao 2H

A M AR S R PR OE AR s P ol 7S D) 55
H e flies L W Ft HAEIRE ., P59 )

RPN FEZR:
p.—*p (5)
o

Ko P R R R e BE AR LA R B R AL
AT AR o

o= 107" X mf* (6)
A =290 dB/(em « GHZ) B 1 GHz 75 i {E iE
BIHRE AR 10 mm Ak Y A R IR K m SR B BE
AR (LE D, KRG EfRAR ) L
JCAR AT SRR R

19
7= sinz[ﬂ /—10 XMZ%]QP J D)
Ao 2Hpum f*



%4 8B 5 - RALAR AT WG ] g A% 637
e D TR O B T AR, SR T O
. ; 09 7 5 f o BEVIHI . f BREE o BN e

FRAE = C7) AT LS 3 55 AN TR S o B

S

B4 SEE e A B

04t

2k bR

K PG/ SRR s S22 s f AR o 8/ 0
W, P2 B

GBI e HE # AN (R BE 5 1 't PRt S AR Ik
2 iR HARFTHL A B, £ S, g 2 om I
LB 3 5 7 R I I A A

k2 HEBGEBLEAETN LR KATHEE

/e Ao /nm G5 55 B Xo/nm (IR A B
400 450 500 600 600 700 800 900
1 39.8 60. 1 76. 6 96. 1 90. 4 94.0 96. 8 98.7
3 69. 1 77.7 86.8 98. 4 94. 5 96. 2 98.0 99.3
5 89.7 90. 4 94.0 99. 7 97.3 97.9 98. 9 99.7
7 99. 1 97.6 98.3 100. 0 99. 1 99. 1 99.5 99. 9
9 98.9 100. 0 100. 0 99. 5 99.9 99. 8 99. 9 100. 0
11 N it 92. 2 98.4 99.3 98.2 99. 8 100. 0 100. 0 100. 0
13 R 81.9 93.8 96. 9 96. 3 99.0 99. 8 99. 9 99.8
15 70. 3 87.4 93.1 93.9 97.4 99. 3 99. 6 99. 5
17 58.8 79.8 88.2 91.1 95.2 98. 4 99. 1 99. 1
19 48.2 71.7 82.7 88.0 92.6 97.1 98.4 98. 6
21 39.0 63.7 76. 9 84.5 89.6 95.7 97.5 97. 9
P/W 2.20 2.25 2.30 2.35 1. 00 1.25 1.50 1.75
f/MHz 139. 2 115.6 99.7 79.0 79.0 65.9 56.7 49. 8
I E AR % 71.5 83.7 90. 3 95. 1 95.9 97.9 98.9 99.3

2.3 ko= 3 LR

Xt 7 Ol AT I 0 D't A 75 B L B DL R AY 2% 1

T ot PER AL R
_ L8m .,
AL = oL Sin 6;

oy S AT i TR 9 €0 B R

RSB L 4358 3 mm il 8 mm,A, 5 Ad

F S LG R AN 3 TR

*3 Ah AMHH A F

€))

Wit B

Ao /nm

AN/ nm IS {ED

2 9 B

400
450
500
550
600

2.1

iR B

600
650
700
750
800
850
900

W Wt O &~ W

S B NS I SR T e RIS

0~ o O

FATF AP B4R LT 0.4~0.9 pm 1y
DEOGCE L S T AF A Ay 140, 8 ~48. 6 MHz, Al
Xf Al SE 4RI 0. 95 MEMAE . A FAME A S s,
AN R SF A 54 mm X 45 mm X 39 mm,

K5 #rshE
MECE AL S A0 A 5K 532 nm FOL I KL
B LA A O 5. 8% 1 633 nm OGN AIRH B



638 E B 5

= 2019 4F

LA 47, IEeas B MW S A0 A% 1532 nm
WO 3L = W B 4 B A D 4. 3°, L 064 nm O
AR B 7 B My 3. 87,
TECERN o OX AR INE 4 i, H
FATH L LI 2R SR EW) A
£A4 fop M5 A M xF

B Bt Ao/nm f/MHz 77/% AA/nm
400 140.8 60 2.2
450 116.1 77 3.5

i A B 500 100. 3 81 5.2
550 88. 4 79 7.1
600 79.3 76 9.0
600 78.2 74 3.1
650 71.1 88 4.5
700 65.3 87 5.3

AR A B 750 60.5 95 6.0
800 56. 1 95 6.9
850 52.7 94 8.0
900 49.7 74 9.1

4 7 ARIE

T3 I A SR AR A AR AR B O S A
F T EALAR AT 5 80 5 3 5 A 2 2 B0 9 ) 2
KA. DIChR R REAf B, R T L g
for Xl 58 A BR A 5K T UE LA I AR R S 8Ot
0 F XA BE S 73 1) A8 SF- 1T R 51 4R 0 4 14 016 3

MARE J7 32 WGl LR R SR LIS T
SCEMES 1AL A R IR TSR DG H]

e BE & IR B AL AT R B G AT SRR A K R

XA T DL A 5 RS W) AR AR O F)

$0 B A% AN ) B 2 4 75 01 T 9 B0 i AT B 80
£ P<<3 W BYRTHE T . JEEA S5 1 20 mm X

20 mm )OGS AR TE 4 63 I Bl A AT SRR R T

60 % IFE bR . 56FL4R2 10 mm X 10 mm B9 JE G 5%

FHEE 6 FLAE 20 mm X 20 mm () 38 6 2% (4 6 8 2

T3 A IXRE BE MR 42 OGS R &R G AL A

O RE L L O R B s O % AR 2R G R U FE

DB B BE 5 T AR A

CE e ¢

(1] AZ.kKER.REIT. & TGOS O6E &1t
B0 ] BP9 . 2011,60(7) 1 173-180.

(2] skEeLr, BRI &, SR S L T ot L]
JEHL 57 96.2013,35(1) :19-23.
ZHANG Zchong, ZHAO Zhiguo, LEI Bo, et al. Acous-
to-optic tunable filter with wide spectral range[ J]. Pie-
zoelectrics & Acoustooptics,2013,35(1):19-23.

(3] FBRUH & ¥ Ak e, 45, L0 A0 6T I8 I8 6 45 19 T fE
D K #1384y A L0 W0t 5 45 4h, 2005, 35 (6):

454-456.
[4] A A i BB BT A0 R LM, bt B2
H A 1982,

(E#% 634 1)

CEd ¢

[1] LEI W, SHUMING C, JINYING Z, et al. High per-
formance 33. 7 GHz surface acoustic wave nanotrans-
ducers based on AlScN/diamond/Si layered structures

[J]. Applied Physics Letters,2018,113(9):0935. 3.
[2] AKIYAMA M,KAMOHARA T,KANO K,et al. En-

hancement of piezoelectric response in scandium alumi-
num nitride alloy thin films prepared by dual reactive
cosputtering[ J]. Advanced Materials,2009,21(5):593.
[3] IWAZAKI Y. YOKOYAMA T, NISHIHARA T, et
al. Highly enhanced piezoelectric property of co-doped
AIN[]]. Applied Physics Express.2015,8(6):061501.
[4] THOLANDER C,TASNADI F, ABRIKOSOV I A, et

al. Large piezoelectric response of quarternary wurtzite
nitride alloys and its physical origin from first princi-
ples[J]. Physical Review B,2015,92(17):174119.

[5] TASNADI F,ALLING B, HOGLUND C, et al. Origin
of the anomalous piezoelectric response in wurtzite Sc,
Al,—, N alloys[J]. Physical Review Letters, 2010, 104
(13):137601.

[6] DENG R,EVANS S R,GALL D. Bandgap in Al,_,Sc,
N [J1. Appl Phys Lett,2013,102(11):2653.

[7] GILLINGER M, SHAPOSHNIKOV K, KNOBLOCH
T,et al. Impact of layer and substrate properties on the
surface acoustic wave velocity in scandium doped alu-
minum nitride based SAW devices on sapphire[J]. Ap-
pl Phys Lett,2016,108(23) :231601.



