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Abstract: Based on the wave effect of light wave, the optical path matching waveguides, array waveguide
gratings, phase modulators and multimode interference couplers are designed by using the beam
propagation method. On this basis, the coupling characteristics of the photonic integrated device are
analyzed and calculated, and a complete photonic integrated chip is designed. Through the analysis,
research and optimization of each module of the photonic integrated interferometry system, an electronic
prototype of the photonic integrated interferometry detection system is designed. The results show that the
minimum loss of the designed photonic integrated device is 0.07 dB, and the loss of the photonic integrated
chip is 7.46 dB. When the equivalent aperture is 110 mm and the system height aperture ratio is 1:4, the
electronic prototype of the photonic integrated interference detection system has the technical indexes of
0.5 ° field of view and 5 m spatial resolution at 100 km.
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I H A d RIS AA B AR AR G 53 0 D A R T B AR D 2.4 m R I ) K 23 B 452 (Hubble
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tem, GO3S)"™, X # K F AR R SCAUA O 282305 H i in TR J7 i M B . o8 T 28 M R 101 40 B 4k 28 e 5 1) PR A1
BT U I B SR O AR AR AR AR A% 3 O 2 23 B U T SR AR T 2R 48 (Segmented Planar
Imaging Detector for Electro-optical Reconnaissance, SPIDER) 51 BHIF TAE #1712 30",

I3 YT W BUR BRI R GE LOG AR B B A AL BO7 25, DG 74 LS R o8 T I04E B AR IR G B 4L
ARG A S 8 3 A B R ) SR ARG 2E 1R B 106 7 2 BLE R (Photonic Integrated Circuit, PIC) 522
BOGAR VT BE A AL A 45 DG g 52 DL ROG I T o 78 IERRE bl X A B SR A A BER EAY  SR AR
Iy HERER

H i 43 B 2OF 1 BUSR PRI R G 58 E AL T 00 2B B, AH DG IS 5 1 I R 1T A A% 1 A B, AN R DL 3
5 53 P 1 T AR PRI 2R G2 00 & & o AR SCLL SOT 5y 91t X6 O 1 8 i1 90 48 I 22 &6 vb il P 1 O B 1
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TR TF RS ARAE %

1 gtFERFHZITESH
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PUASIGE B, P 2% T 0 B 0D O 28 WA RGBSl & i PIC IS v b+ 1 — 1B BR A MU B4, +2.
— 235 G R R LR, 28 0 M7 R S R A AR AL A L R T A . B 2B T RS 4 (Multi-Mode
Interferometry, MMI) J& , #F A B 21 3% 5 6 M (Arrayed Waveguide Grating, AWG) i & F b 2 4% 1% B
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Fig.1 Schematic diagram of the PIC
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Fig. 3 Loss of bent waveguide
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Fig. 2 Crosstalk between adjacent optical waveguides

1.1 B3 Se ey it

W 50 il 5 O CAW GO AE R % 53 52 R/ 52 0 2 0 9k 732 i 1T 0% 43 &2 & 48 (Wavelength Division
Multiplexing , WDM) o AWG 2 fy i A /i i 35 i A/ 3 A i A% 85 X (Free Spectral Range, FSR)
DL BB 9 SR . AWG 1 T AE B3 F OB oy 72

n.d sind; + n.AL + n.d sind, = mA (1)

A, T 4350 R S B RV TR I8 T 0 A RCHT S R o R R AT U TR B o S AT S KR, 0,00 0,53 59 O
/K SRR S AT AR

VEE 1 X 16 U3 B A, ol K A=1.56 pm, 3% X 8] 5 1.53~1.59 pm, P K A1 K 3.2 nm. R
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£1 IX3AWGEIHS#%
Table 1 Design parameter table of 1X3AWG

Design parameter Symbol Value
Center wavelength Ao 1.56 pm
Index of planar waveguide n, 2.84
Index of rectangular waveguide n. 2.48
Number of arms M 60
Free spectral region FSR 51.2 nm
Grating order m 30
Number of input/output waveguides N 1X16
Channel spacing d 3.2 nm

ME 4 LLEH ,AWG PO BRI ARFEL R —1.9dB, 3 dB i % 4 7.65 nm, 18 i & AL T
—20 dB, 1% AWG B I FE Sy 394.72 pm, F5 B4 465.90 um , & 3H45 5 2 BOGHE R HRE ST, BB 38/
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(a) Structural simulation layout of 1x16 AWG
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(b) Spectrum simulation results of 1x16 AWG
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Fig.d 1X16 AWG simulation results
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Fig. 6 Time response for « phase shift
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Fig.5 Temperature distribution of phase modulator
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Fig. 7 The relationship between the thickness of the upper
cladding layer and the metal absorption loss
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Fig.8 Improved MMI simulation results
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Fig. 9 Results of multi-layer waveguide
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Fig.10 Layout of photonic integrated chip
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Fig. 11 Schematic of Si waveguides Fig. 12 Bending loss of Si;N, waveguide
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H13 BHEAELEMTEHR
Fig. 13 Structural diagram of the interlayer transition of waveguides
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Fig. 14  Overall layout of photonic integrated chip
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Fig. 16 Schematic of focal plane and multi-waveguides
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e F T WR I R G RETE PR AR 2 R BB HAZR I 1 mm, B8 1 mm, MG AR 0.5° I
) 62 R G F /80 1,6 F oo b 60 S i & A GG T LUE SOF 1 B S b o S EEES YT
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INE R ORI A SRR G R 1020 5 Y I Mk B M1 19— 21 i) G 2R 200 Thb A ROR
1 50% " BT AN A9 S B A RCRAS [R) S BOE 3 R — 20, R AT DA 55 SR 5O R VE T B X — 520 .
TR T 3X 3B 4P S5, 23 AR 1 K/ A 9 pm , SO e IS KA K8 9 ym. R4S
RENS SEIA LS 0.5 °, 1 20 BE 2 0.05 mrad, 100 km b %5 [ 53 BF 4R 5 mo AHERN &, WA 2 K 25 B4 55 1 ) 29 %
90.08", 78 100 km &k i) 25 [0] 43 BE R 2 5 0.04 mo PRI, 1% 2R G AR SR T8 58 T 25 48 AL K 2% 19 43 F1 R R B AH 22
T AN B R BE A G RS T R R SRS 3G I 2% 3R G 0 o BE RS AT A R R TR A 1]

2 WBEBETHELIRITER

Table 2 Microlens interference baseline design index

Design parameter Symbol Value
Longest baseline B 30.4 mm
Wavelength A 1.53~1.59 pm
Diameter of microlens d 1 mm
Number of microlenses K 16
Field of view 0 0.5°
Focal length f 1 mm

32 FHRNRAZRFHENIRIT

BT B TR W RIN R G AL 17 B o BI17(a) W, REEH TR B 1 ROE N BE 8 B
VeS| AR BU R A 3 RCHESMEE O TR RS i RSN MR N . R TAE A ok A Bt A w0
HEOCAE [ ) B A ROE BT R B, 3k LT 10 S ] T O D 2 0 KO N T AR Y By 4, B A B 5 3 2R B BE
PHANR IR HOCHR B BVE ] o OB BEFE SR A SR 2R TE SR Akt EHRE NSt ANES,
MG 2 R 22 T & 2E AL T4 A B o Ol 4R JB0H % X AR BE AT 20 06 T SR A R
i, P28 1 RO A BN SR A R 0 B R AT AR BRS L BRAR TS B TR F bR R AT R
P17 (b)) D F BT WM RGBT 5, m R 28 mm, A2 @110 mm, m B 5 DR R 1:4, &
2RO R T AL GO B R AR G, n] S BUAR AL AE I B o AR AL RR R P R IR A e R A B AL A
41 U ARTT I B 2k B 2R SRR B AT P HES 0 16 A 0f B i 12 2 — HOL T LS R RIS R RERL AL
G F B L AR T 41 e PIC iz |, LUJS s R A2 2 AT UL H AR AR A5 L

HL AR AL 07 BB T 2 80 36 3 B, 805 WL I B 25 S 100 ke, W H 5 19 £1 80 38 4 8 B 1.53~
1.59 pm, B FREHLAY T 420 110 mm, HAR N 1 mm (9305 B2 7 42 i 4 IR 48 1 %t 0 =0 7 HES , 41 Bk
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— Claping ring

— Glass window

— Calibrating inner wall
— Microlens array

— Wheel array disk

— Calibrating outer wall

— PIC array

— Backplane

(a) The internal structure of the prototype (b) The appearance of the prototype

H17 wIHN=4pErEHR
Fig.17 Schematic diagram of three-dimensional simulation of electronic prototype
PIC it 42 [ HE I B — A Z 4 T 9 FE 51, 7E 0.5 A3 f K AT LLIk 5] 0.05 mrad B 43 B . 3 Be U
AWGYLE o 5 BB Z |, I S B IBOR , WAL B R, al ISR A 2 A9 4303 A BB R, (E D T 0 38 A% ) i
JRAS AL 2
*3 BFEIEHSH

Table 3 Design parameters of the simulation electronic prototype

Design parameter Symbol Value
PIC cards N, 41
Prototype caliber Lo} 110 mm
Wavelength A 1.53~1.59 pm
Field of view 0 0.5°
Observation distance 4 100 km
Spatial resolution 0 5m
Angular resolution 0, 0.05 mrad
Diameter of microlens d 1 mm
Spectral number N, 16(AA=3.2 nm)
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