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Fig. 2. The structure of polarization rotator-splitter.

1.0

— TE() d TE()
— TM[] i TEl
E— TM[] d TM[]

0.8

0.6 [

0.4

0.2

Transmission efficiency

0Fr

0 20 40 60 80 100 120 140 160 180 200
L,/pm

B3 25 A A i AR 5 i R T A 0 TR ) K R Y G R

—
[=)

(b) — TE; - TE;
0.8 — TEo — TEg
— TE1 d TE(]
0.6

0.4

0.2 F

Transmission efficiency

0

0 50 100 150 200 250 300 350 400
Ly/pm

(a) TE,, TM, Fl TE, A3 #5637 7% i 505 5 Ml R e % 245 4 )

KB Le B95E R (b) TE, Fl TE, B 89835 2 5808 5 i ik 73 RES B BE Ls B KR

Fig. 3. The relationships between the transmission efficiencies of different modes and the polarization rotator-splitter length: (a) The

relationships between the transmission efficiencies of TE;, TM, and TE; modes and the length of polarization rotator structure L; ;

(b) the relationships between the transmission efficiencies of TE, , TE; mode and the length of polarization splitter structure L .
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Fig. 4. Equivalent waveguide structures of transfer matrices: (a) Equivalent waveguide structure of matrix Mo ; (b) equivalent
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Fig. 5. The structures of dynamic polarization controller on silicon photonics chip: (a) The structure of dynamic polarization con-

troller corresponding to 0°/45°/0°/45° structure; (b) the simplified structure of dynamic polarization controller on chip.
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Fig. 6. The simulation of polarization locking using simulated annealing method: (a) The extinction ratios of polarization locking us-
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3 (d) 7B R A e 7

ing fixed steps and variable steps methods; (b) the polarization locking results using fixed steps considering electronic noise; (c) the
polarization locking results using fixed steps considering electronic noise and static extinction ratio; (d) the polarization locking res-
ults using fixed steps and variable steps considering electronic noise and static extinction ratio. EN: electronic noise, SER: static ex-

tinction ratio.
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TRPRIE G L. 2% R M )5, Akt il 26
N, WA IRIRIEE L ICE BAR k. 5 B ]
VA, SRR B m s G L, SR g A H
Sy YL

RSOGO RS S S TG L 5 — &R
M E A KA 0.03 rad 2% 0.08 rad B}, 8 & 45
SR 6(c) i a i msg ek, 5K 6(a)
HE 25 A EL, OB KK s fk. [
K 0.008 rad B, & 6(c) H A @2 FoR

W% oA M i BIUE 45 1, ST R
40 dB; % & 40 dB #ATHGLUET, S TEYELURE
KF] 35 dB 2247, MAFEEE AT LIE ), B4
RSN ATEEL, 75 DA R R A TG o .

K 6(d) Hr i S5 475 18T BRI 2% 1 FL
2EME RN R GRS TH G HL R . i i e
ik 20 9% T 0.16 rad 1 0.008 rad 4 [ 5& 45
K, B LR ALK, HFEEa/b N EEs
SEAT LA E) 30 dB LA FRYShATDEIE.

DL IR0 BLAE A AR, IRPREE S0 ek
FHRTAS - 7, ot PRI A5 0 A s e T Ok
A2 1.

4 ERAFZIMNELER

BETRE DG HL 0 R 1 Sl A I 2 ) S R
g 7(a) Fizs. JGIEK 1550 nm DFB #2250k
i, AR OGCER it AR IR, PR GET wsias
TN, 28 50/50 HBL R GET 43 R 2w 51
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PO, Hoh—30ti A Z DR, TRk
SO i sh A Im R AR A AT S ah
—HE A BIRESLE 7, RS (general photonics,
NPOL-15-PP-FC/APC) BR#RIHIEH KT 40 dB,
TS0t miR ol B, F2himirds il 25 FH 1
TSRS A IR PRI A . B R it R
G S BRI TR G, HED R
(% O 2O IR o R AR 1 OLERHE, PBS-
55-P-2-L-1-S) J5 73 LW i, DGPR 1 3% 450 A #5600
OB 2 iR K T(a) A OB EOL
A B A AR LR, W OO
i Y G LT ARG T . S R g A 7(b) Fr
ARG R, AR R b b JER B EOOR
i, 2RI AR AN E 1.2x 104, % (EIH—
AR BRI 4 ) f R H PR AL At B 17 U %
AR B4 15 5 O LRI 25 1 i o £ 5 380
2 Z Dyfekm A -~ USB6259, AH OGN 1t
BT AL EL. & 7(c) RN HEF & LR REIL S
P B4 i 2% B LD T HL 5 18] 7(d) 2 v TR S T
WERHEARESDO G O A ORI 1 7(e) S bt 1hT
R T v IS 35 5 Ol £ F0ES A s e A B 1A

(a)

Polarizer

1550 nm
DFB
laser

Power
meter

VOA 50/50
coupler

[T 7(£) Ak sl A s il o 0 ol i T 2k
A, i d 48 R4 5.20 mm x 0.12 mm x
0.80 mm, BARFER 5.7 dB, HAPPU4~ 50/50 MMI
FIFAEL N 0.3 dB x 4 = 1.2 dB, MWMR s
S RZEFIFELI N 0.1 dB x 2 = 0.2 dB, &S
KEE SR AHFEL 0.3 dB, B> S i 148 4 40
¥l 2dB x 2 =4 dB.

SeE o, R4 28 E& PR 25 pm 48
FRARFL A5 0O AR 8 5 B o) H B AR %) R A R A T AR
Z Itk A R USB6259 n] iy 4 Ha, T 31 Bl
V=410V, EKHEH A 20 mA. P E N
400 pm, FAHFEASATHLBHN R = 2 kQ . S iR
Tl 2T B 4 DIEEAHAS, R IES A AR A5 T
FESEFER 0—10 V, AL SIS TAER T2
RINFEHN Pox = (V2 /R) x4=02W. & 8 &
FIIFHERA Efifh- 478K T (Mach—Zehnder inter-
ferometer, MZI) 2543 i) FRRH RS 2 O 4 PE . A
&l 8(a) W LLAE Hh, AHR AR HIAHES ¢ YR PR
A RIFMAMERR, HLRAN

p=k-P+0=k-V?/R+0. (6)
BERM k= 0.164 rad/mW , #1.6 = 0.931 rad &y

(b)

Chip

SMA
\‘PBS Power i

2 meter

1Detector ﬁD YT
E—~_H

MF I/O card  Computer =

Bl 7 SRR SIS RR R SR S (a) SR IR S8R BEIAL; (b) AR O i BRI 82 7R BEIAT () 2 3 2 i R
it i S A L P s () Rk RS T IRERL IR () 3B BEOL AT 5 ik 85 1 o T RIS 5 1) S OB 15 () ik 3l 285 f A 7 o 45 S BB K15 VO,
RS AS; MPC, F3hi iR 5 4l 4% ; PBS, fil#ik 735 #%; MF 1/O card, ZIIRkH Af i+

Fig. 7. The scheme of experimental setup about locking the polarization and related photographs: (a) The scheme of experimental

setup; (b) the scheme of low noise photodetector; (c¢) the microscope photograph of whole silicon photonics chip and related circuits;

(d) the vertical view of whole silicon photonics chip; (e) the microscope photograph of aligning the fiber lens with chip edges; (f) the

microscope photograph of silicon photonics integrated dynamic polarization controller. VOA: Variable optics attenuator; MPC:

Manual polarization controller; PBS: Polarization beam splitter; MF I/O card: Multi-function I/0O card.
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Fig. 8. The characteristics of thermal phase shift: (a) The
relationship of thermal power and phase shift; (b) the rise
and fall time of the MZI modulator.

PR A AT A 25, RN 0 2] 10 'V AR{BRsT, TR
MO0 mW 2224 50 mW, FHZI B RN 8.2 rad >
on rad , i R RIRBIE FFEK. (6) AT LI,
HEAKAE AV 5IEERKAE Ap FIE RN

R

PIEAELME R, I KAG e B, (B
K, B RKAERE /N S8 Ry T 3RAS B 1 S 5
ER AR KA AV B REEIR YV = 10 V.
PRI o BR O B4 2R, 92 2P K (i 0.16, 0.08, 0.03
F10.008 rad X N A 5 K HL AP AE 43008 0.1,
0.05, 0.02 #10.005 V.

P 8(b) 2 B IR 1 i 114 Wi o7 Fsf [ 0 3 2 2R, 41
Gk b R g e MZT B il 2 E A e bk ol e
HF5.6 V. TR FREREREA 5 ns. #5fknf-h MZI
R 45 H) 1 U A T 25 R, BRIV RS 10 ps,
RIS 20 ws, XFR A0 HT 58535128 30 kHz

1 15 kHz, W 5a 55 5.6 V-30 kHz = 168 kHz-V
Ml 5.6 V-15 kHz = 84 kHz-V , It 5 T I T L5 %
SR PR H sh B w45 fil %% PolaRITE III (general
photonics). Z a4 TRFMEEE 140 V, @ H 45
A RS E PCD-MO2 i, #LR1 7 56814
{H R 1.25 kHz-V , Be RIHFEDIR R 11.2 W,

AT B A MRS T Z H, 1 X ik S A i
P il % B ER A IO HE AT T I, s o R
Bl 7(a) iR, B 50 e R 2 G 2R PR o0 R 7
FY AR T G LL, ISR K B v ) ek S sl A i A
il as Lis. & TR filde ot B A Imik
AR, Ho O 2 G 1 ¥ AT R
L P A T S R AR A, R 1 D)
KRR K 0.5 mW, JE% 2 BIIREAR, #1721k
I I AT A5 PR T G FE OS24 41.44 dB, B
DR L 1 I 1. T Sl AT Sl PR 42 il
i, MG 2 DR E R K 0.5 mW, JLik 1 /9D
RIAR, HEAT 2 000 5 v A5 IR 4R T 6 e 3
A 41.32 dB, HARMA(E UL 10K 2. SR )5 Kk
AN IR RS R I AR, HA T F shimdi
s A A R 20 SR =2 18] 8 S A ANk 3 sh 7
P i 25 ) 5% PO AR R R, DGR 2 DR B R R
0.5 mW, Ji§ 1 AT ik, #4725 T 1%
TR E LT3 40.4 dB, HAARMRAE W22 1
TR 3. V7T A Ak 2 3 25 Ml P 4 o e 1 s o
L, OGS 1 AR E /K 0.5 mW, J6ik 2 /Y
IR A, #4722 0 2 J5 vl A IR T 0 HE R -3
7 40.36 dB, EARMIAE W2 1 4. IS
RATLVE Y, kS Im s il g iR SO LR
F 40 dB.

R FH T 2 204 FIRT AR 254K 1) 3l 28 O I 43 45
RE 9 iR, SOFESSRIEARTTE. Bafhd
KHAREEAK 0.1 V BBTE 2558, B MmNt

1 SRR I

Table 1.

Test data for static polarization extinction ratios.

TS R R S IR T G B FHIE
. K235 /aW 37 32 35 36 38 35.6
M1 ]
PRPRIE L /dB 41.3 41.9 41.5 41.4 41.1 41.44
. HEE1T)H /aW 38 37 35 38 34 36.4
A2 )
PRPRIE L /dB 41.1 41.3 41.5 41.1 41.6 41.32
. F 1T /nW 46 41 46 46 46 45
M3 ]
PRPRIE L /dB 40.3 40.8 40.3 40.3 40.3 40.4
o Hik 2T /nW 45 47 45 45 48 46
M4 o
PRI L /dB 40.5 40.2 40.5 40.5 40.1 40.36
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Fig. 9. Experiment results of polarization locking using

fixed or variable steps based on silicon photonics integrated

dynamic polarization controller.
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Abstract

A dynamic polarization controller (DPC) is an important component in fiber optic communication, optical
imaging, and quantum technologies. The DPC can transform any input state of polarization (SOP) into any
desired SOP to overcome polarization-related impairments resulting from high internally and externally induced
birefringence. In this work, a low-loss silicon photonics-integrated DPC is designed and demonstrated
experimentally. The whole chip is fabricated by using industry-standard silicon-on-insulator technology. Using
the edge-coupling method, the coupler loss is reduced to less than 2 dB, and the total loss of DPC is reduced to
5.7 dB. Using a variable-step simulated annealing method, for a low-noise photodetector and high-static-
extinction-ratio device, a dynamic polarization extinction ratio can reach more than 30 dB. The size of the DPC
on the chip is 5.20 mm x 0.12 mm x 0.80 mm.

The DPC utilizes a 0°/45°/0°/45° structure, which can realize arbitrary polarization-based coordinate
conversion with endless polarization control. The 0° and 45° transform structures and matrices are presented,
and the principle of the 0° and 45° structures is explained in detail by using the Poincaré sphere.

A simulation using Lumerical is conducted to optimize the polarization rotator-splitter, which can
transform the TM, mode light in one waveguide into the TE; mode light in the other waveguide while the TE,
mode light in one waveguide remains unchanged. Based on the optimized structure, the static polarization

extinction ratio of DPC can be measured to be a value greater than 40 dB.
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The thermal phase shift (TPS) is characterized by using a Mach-Zehnder modulator. The length of the
TPS is 400 pm, and the resistance of the metal heater is 2.00 kQ. The maximum power consumed by the four
TPSs is a total of 0.2 W. The modulation bandwidth of the DPC designed by our group is approximately
30 kHz. By considering an applied voltage of 5.6 V in the case of the TPS, the bandwidth—voltage product is
5.6 x 30 = 168 kHz-V.

To optimize the DPC parameters, such as the step length, electronic noise, and static polarization
extinction ratio, numerical simulation results of the simulated annealing approach are analyzed in detail.

In conclusion, a low-loss silicon photonics-integrated DPC is designed and demonstrated experimentally. A
dynamic polarization extinction ratio is obtained to be greater than 30 dB by using the variable-step simulated
annealing method. The DPC is expected to be utilized in fiber or quantum communication systems to minimize

size and further decrease costs.

Keywords: dynamic polarization controller, polarization rotator and splitter, polarization extinction ratio,

silicon photonics chip

PACS: 42.82.-m, 42.25.Ja, 42.79.Gn, 03.67.Hk DOI: 10.7498 /aps.73.20231214
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