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Design and fabrication of polarization and

phase modulated beam splitter

Pan Yonggang', Zhang Sibao?, Liu Zheng?, Liu Wencheng?, Li Mian®, Zhang Chunjuan’®, Luo Changxin®

(1.Zhongshan Institute of Changchun University of Science and Techbology, Zhongshan 528437, China;

2. Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi'an 710119, China)

Abstract: Polarization and phase controlled beam splitter is an indispensable optical element in free space
quantum communication system. Its performance directly affects the communication quality and determines the
communication error rate. Based on the theory of equivalent layer design, the special film structure of
"dielectrictmetal+dielectric" is adopted, and Ag metal material and SiO,, Al,03, Ta,O5 dielectric material are
selected to realize 45° incident angle on quartz substrate, and the average transmittance/reflectance ratio is
8.5: 91.5 in the wavelength range from 1500 nm to 1600 nm. Phase is controlled at 1530, 1540, 1550, 1560 nm.
By optimizing the deposition process, the splitter film samples are prepared by electron beam evaporation with
ion assisted technology. The test results show that the average transmittance/reflectance ratio is 8.53: 91.47 in the
wavelength range of 1500-1600 nm under the condition of 45° incidence. The transmitted phase difference
controlled within 5.02° and the reflected phase controlled with 8.05° in the range of 1530, 1540, 1550, 1560 nm,
which meets the requirements of spectral energy splitting ratio and phase control of communication system. In
addition, the film passed the corresponding environmental test, which meets the reliability requirements.
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Tab.1 Technical requirements of beam splitter

(8+2) : (92%2)

Average T:R@1500-1 600 nm

|Ty—Tp|and |R; = R,| <3%

|A]@1 530 nm, 1540 nm, 1550 nm, 1560 nm <7°

|Ar|@1530 nm, 1540 nm, 1550 nm, 1560 nm <10°
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Fig.1 Structure diagram of beam splitter structure
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Fig.2 Spectral transmittance curve

N, IESAARUNIE 4 PR, RSHAIAR AN 5 s o

M E 2 H K 30 A, 7E 1500~1600 nm -
T:R 7 8.5:91.5, PGP 1if ik %6 8.53%, S V- H) i id
# 6.94%, P HI S & i 56 AE 1500 nm Ab £7 75 e K43
B 2.04%; PRV R % 87.93%, S T RSTR
89.51%, P Hil S L% E 1500 nm Ab A7 7F 5 K53 85
i 2.16%. & 4 FlE S ATAL, 76 1530, 1540, 1550,
1560 nm &b , POt #l S O i &k 7 AH 22 43 il hy 3.4,
3.9°, 4.4°F1 4.9°, P JE AT S Y6 AT A 22 4390l 4.6°.

91%
90% |

3

2 89%

3

= 88% L .

~ 45.00°, P-pol
87% L 45.00°, S-pol

45.00°, mean-pol

86%

O A0 A0 A0 A0 0 DA DN D

N R N N N N R O NP LN NN
Wavelength/nm
KPR ESHE

Fig.3 Spectral reflectance curve
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Fig.6 Spectral transmittance curve of differnt incident angles
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Fig.7 Spectral reflectance curve of differnt incident angles
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Tab.2 Preparation process parameters

Material Rate/nm-s™" EB oxygenation/sccm APS
Bias voltage/V Discharged current/A
AlO; 0.3 0 100 45
Ag 1 0 30 20
Ta,05 0.3 35 130 50
Si0, 0.8 10 160 55
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Fig.8 Sample picture
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Fig.9 Measured spectral transmittance curve
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Fig.10 Measured spectral reflectance curve
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Fig.11 Schematic diagram of extinction ratio measurement principle
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Tab.3 Extinction ratio and phase difference date
T o/ MW Tpin/mMW ER o/(°)
Almm
T R T T R T R

1530 0.43 4.24 0.402x107 7.323x107° 1070:1 579: 1 35 4.76

1 540 0.41 4.31 0.502x107° 11.402x107 817:1 378: 1 4.01 5.89

1550 0.40 4.37 0.593x10°° 16.125%107 675:1 271: 1 441 6.95

1560 0.38 4.43 0.731x107° 21.931x107° 520:1 202: 1 5.02 8.05
AEBARMHEK PAREOR, (B G FEBO 4 R AE— B 25 5 . X8

2.3 WX K

SR I AR ARG TR AT SRR EOR, XA
PEAT T LAR 5 i n] SE e, R 25 R 03k 4 B,
WENAEUT .

R4 SRIETEELEER
Tab.4 Reliability results of beam splitter

Test items Results
Adhesion test Pass
Soaking test Pass
Heat and humidity test Pass

Alternating high and low temperature test

. Pass
humidity and temperature

(1) Bt & J7 04 )RS P 8 B KT 3 Nlem® (19
3 M B G R G RS SR ET, WY RS 3R E 1 1 DA
25 mm/s {38 B R, LA IR 2 2 A % .

(2) B WL S2 5 78 (45+1) °C 7K TPIR I 8 4S/INT,
WL R 2 A5 B 7%

(3) EARIEIR I 76 (85+2) °C KA P 4:4E 6 h, Wi
SR Z IR LT 18 (-5543) °C K45 16 h, W
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S 45 SR W, AR A O 4R RS A R 2 Ol R
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