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F 5 F B WU AL 6 T — MG s, HE 2 TE 5 1M ( F47) M TE 2 HE 7 16 (A7) 95 S d
ANTR] B e A (B8 ) o SR T AR TIE AN () 388 8 B 1] A% i 14 000 30 25 (8 34 d /DN L 38 T NS O ) B o R
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Table1 20 Ch WDM system center frequency

Channel HE—TE TE—HE Channel HE—TE TE—HE

/THz /THz /THz /THz
Ch20 (A,0/24) 194.1 191.5 Ch10 (2,/25) 195.1 192.5
Ch19 (A/As5) 194.2 191.6 Ch9 (A,/A;) 195.2 192.6
Chl18 (A/A,) 194.3 191.7 Ch8 (As/2y,) 195.3 192.7
Chl7 (A,;/245) 194 .4 191.8 Ch7 (:/2s) 195.4 192.8
Chl16 (A,5/2,,) 194.5 191.9 Ch6(24/25,) 195.5 192.9
Ch15 (A5/2,) 194.6 192.0 Ch5 (A:/2,,) 195.6 193.0
Chl4 (A,/2y) 194.7 192.1 Chd (A,/25,) 195.7 193.1
Ch13 (A5/24) 194.8 192.2 Ch3 (A,/2) 195.8 193.2
Ch12 (2,,/25) 194.9 192.3 Ch2 (A,/A) 195.9 193.3
Ch1l (A;;,25) 195.0 192.4 Chl (A,/2,) 196.0 193.4
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Fig.2 The diagram of 1X 20 cyclic AWG Fig.3 The diagram of 2X 20 cyclic AWG
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TEAWG i A B SR G 51 A 245 T3 (Multi-mode Interferometer, MMI) 454 7] L4 52 B 4 H % 1% - 48
oo A4 A AR SR fa A OGS T LU MM A i 1 80w B8 iS5 e B RS L SR 37 0 A nl L
TR P R B &N, e 208 — AP T s s 2k o EUR 51 A DT 2 B MM S5 4, 7606 19 4% 4% 7 10
S R T RS SR ARG . g ARSI T R BORHEIE B S O T IR A5 A, n] LAY/ B
LY b SR R AR, A RO AR 1 AL, AT 4.

w. w.

input input

W, W,

0
(a) Square MMI structure (b) Exponential tapered waveguide structure

He @ANHSEMTE

Fig. 4 Schematic structure of input waveguide

e/ NECF P Wo=6 pum, fi A DA (W, ) KR TEET 6 um. 85 B 118 BOHEE I 5 A H W, 4
AT T  AWG i o6 . W aT DL R, DR 3l AR RN, B Pt /0N | [R] e H 3% il 28 T
TR AR A L Y A AR M 18 um B AN F] 22 um B, AWG 8936 AL FE M 0.75 dB #hn %) 2.25 dB, [ i
B A 28 S B T AR GF 19 AR SR B2 SRR B 7E W, 00 A S8 R 22 pm B, 0.5 dB A5 58 298 45 GHz
(#£90.35nm) .

0r T LR 0r

Sy l L
/M /M
= =

? =20 2 —2F
2 S
g g
2 2
= =

—40 —4r

i 1 i 1 1 1 1 i S 5
—100 —50 0 50 100 —50
Frequency/GHz Frequency/GHz
(a) Output spectrum (b) Top enlarged view

BW5 48 3R 4R D % B 4O\ 36 SR o A b AE L
Fig.5 Simulated spectra of different exponential tapered waveguide widths
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Table 2 Design geometric parameters of 1X20 cyclic AWG

Parameter Value
Diffraction order m 74
Roland circle diameter R /pm 5390.101
Length difference AL /pm 78.381 244 3
Wavelength spacing AA /nm 0.788
Input/Output waveguide spacing Ax, /pm 22
Array waveguide spacing d /pm 10
No. of array waveguides 151
Input taper width /pm 22
Output taper width /pm 10
Array waveguide taper width /pm 9
Center wavelength A, /nm 1536.61

FEXT 2 X 200 B AW G, 1 AT PIAN I B TAEAE P AH SR A AT S 280, % B AT I B A, (K 1 529.55 nm)
5 2,,(1 544.53 nm) , H B K a1 BEAA, R 14.98 nm , &1 3% F 473 B A, (P 1 550.12 nm ) 5 A,,(1 565.50 nm) ,
LA 1] B8 AR 4 15.38 nms BEXF 0.75 %0 $r 9 5 25 ik 5 — RUfb e T 20°F &, 200 OB 8O0 2 800 5%
M, ARG 2K (2) AR/ Adsn=m/ CGn+1) , #5045 B ECm 2y 3745, Ry m Ry 80, U m=37 W4 55 i
AWG W45 #2800 3% 3.

F3 2X20BEHREAWGIEITHLASHF
Table 3 Design geometric parameters of 2X20 cyclic AWG

Parameter Value
Diffraction order m 37
Roland circle diameter R /pm 10 780.202
Length difference AL /pm 38.935596 03
Wavelength spacing AA /nm 0.788
Input/Output waveguide spacing Ax, /pm 22
Array waveguide spacing d /pum 10
No. of array waveguides 301
Input taper width /pm 22
Output taper width /pm 10
Array waveguide taper width /pm 9
Center wavelength A, /nm 1526.61

Phrrags g A rbn Bt 4 1 536.61 nm, A6 B H AT S B 37 B FSR 2 40.57 nm, KT S5 PR 2K 1Y
20.57 nm(2A,,—A,) o AHI AT B A, AT I B A B 2 ) R B, 8 I A% i 40.57 nm—
20.57 nm==20.00 nm B BT 0P A H2 T B XERR, W) AT I B A B A A R B AL T T
B, 0 KA A% H R 10 nm, R AT I BE A S AGE B R 0 S BT S DK AL B 10 nm, [R] B A0 B
A A BB TE O 1 526.61 nm.

1.2 FEZERERE

1 F i A FR 22 43 %5 5 (Finite Difference Time Domain, FDTD ) 4E 2% B [A] 354, X AW G #1415 fi
R BB, H A — B O U T AL S R B o OB AWG BRI AL, nT LR MRS A IR R — 2P A
SECAE R AL T AL B 58 20 S AR G AE AR IS AT SR O 4 B A U S U 5 5 D RO I AR B A i
PIAG 3 , 20 5 AN [R) 7 A AN T B A A 25 5 56 DU A5 R 76 58 A 5 o8 SR 1%, JF ELRR & (7 T il 20 >
T2 J&] 1 i 4 00

FH 6 eREICR I BI5GB AE S 4 P 1 A% B T 2R 0m hy
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Fig.6 Simulated spectra of 1X20 cyclic AWG Fig.7 Center wavelength offset of 1X 20 cyclic AWG
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Fig.8 Simulated spectra of 2X 20 cyclic AWG Fig.9 Center wavelength offset of 2X 20 cyclic AWG
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Fig. 10  The layout of 2>X 20 cyclic AWG
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21 ITEHIE
K 045 B R 5 Ak A S AH DT AL (Plasma-enhanced Chemical Vapor Deposition, PECVD) Ik K42 S,

MUTFL (Low Pressure Chemical Vapor Deposition, LPCVD) )6 %I K J&& N7 ¥ A 2% 2 F & (Inductively Coupled
Plasma, 1CP) Z| i &5 T. 20 il & ik 3 — A ik AWG, 52 M RGBT 1) — D OB PE IR R 221 T2 0 &
SCHl L PE R ICP T2 S 80, M 1 e b 210 il SR 3 T TCP b Fi AR SR 401 F D ) 26 0 Ak 4% BT i 1 S A g 3 < ke
PRV e L T A A N BEBE BT LR TR TE L Y S10, i 5 20l 3 RS 8 A 2R K SIO, th
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FEBUR AL  BEAR T I A0 2 R B9 I 7, 45t B e A SR 22 AW G 308 B S b 1l Js A9 4 e
T 8 45 (Scanning Electron Microscope, SEM) I F 4% 11,

(a) AWG microscope photo (b) Cross section SEM photo
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Fig.11 AWG microscope photo and cross section SEM photo
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WRKIER 52 B AW G 0 U B A B50R%, IR0 HE C ik BE 20 38 38 75 38 8 AW G Je $UE e | I H 76 B A S 3 A 5: 95
B 2 X 24E ¥ 5] 3 B 2% L SE B L/ AT Dy S s B IR R n ] 12,

0623003-7



2
Il“”'.. ensans
Wiy an sl R LI
e DN
A i

‘‘‘‘‘

Ry

B 12 20838 4550 A AWG T 3 BB 5 |
Fig.12 Photo of 20 channel cyclic AWG athermal module
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Fig.13 Test spectrum of 20 channel cyclic AWG athermal module
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Fig.14 Test center wavelength offset of 20 channel cyclic AWG athermal module

0623003-8



SR G, 45 ik e — S A i 20 3 TE 90 B 2L B 40 30 5 M o

AT DB A B AP A 0.69 pm, A B/ AT I BRI TE PO SR i B B OKSF— B [RE, AT LA AR
TR Sl — 40 “CHsf, 38 38 ot K IR B 1A B TR 25 °CH S B30 B 68 pm, 1M 78 T B2 Oy 80 “CH 3 38 vt %
KA i B AR O 25 "CF SR — 5 pme ARG 8 DR D RS R N I — 2, S AWG o
B e BAH G, SR F A 1 e BN JE de DU RC A5 4 o RIS ed ol ) Sl B2 ik MR RO, 349 8 ey AR R, ) T8I i %
i, DT S B g AR I O B Ml RS B Y ok — 2D R

3 it

ASCBI IR T EF A G698 4 ARl Jk T ik 2k — S AL ik bR 20 T IE R R B AW G, R B9 2 X 20
PRRS AW G 5 A6 7T 52 30 3 T8 9 A A 0 o, LIS B I T A o 53 A, SR AR BB HE R D S AR TR
MMI A5 B AW G 3d 45 - JEAL s/ PR S 4 A8 b A 98728 75 Ok B0 FE , T ELAS A R 61 MERE A Ak o 2t
BLABCRD 2% TC P BT 26, S92 50 I 1512 20 38 18 916 2R 8 AW G BEHR I #E 29 2 5.5 dB, 0.5 dB 4 5 29 4 0.31 nm, 7F
—40°C/25°C/80°C =ik Wk B A5 AL B, P 4 MR 8% B 7E — 40~80 pm S I N . BT 2 X 20 EAE IR B AWG 5 F
il 5 1 T PO, BAT/NBIAL ARRAS RO A A 7 R H o e g — 2D R BT AN R AR T2 R AR
O R A i I AR RS 0 T BT 5G TR S/ B
5% 3Lk
[1] GUAN Xun, SHI Wei, LIU Jia, et al. Silicon photonics in optical access networks for 5G communications [J]. IEEE

Communications Magazine, 2021, 59(6):126-131.

[2] FOTIADIS K , PITRIS S, MORALIS-PEGIOS M, et al. Silicon photonic 16X 16 cyclic AWGR for DWDM O-band
interconnects[ J]. IEEE Photonics Technology Letters, 2020, 32(19):1233-1236.

[3] LIN B C. Advanced crosstalk reduction in an N XN two-stage AW G-based switch with odd N - ScienceDirect[J]. Optik,
2020, 225:165656.

[4] NISHI H, FUJI T, DIAMANTOPOULOS N P, et al. Integration of eight-channel directly modulated membrane-laser
array and SIN AW G multiplexer on Si[ J]. Journal of Lightwave Technology, 2019, 37(2) :266-273.

[5] WU Xiaoping, LIU Chenglu, L.LIU Wen, et al. Monolithic integrated cyclic 64-channel AWG with MZI filters and arrayed
vertical reflecting mirrors for WDM-PON application[ J]. Applied Optics, 2019, 58(30) :8282-8289.

[6] WANG Wenmin, LIU Wen, MA Weidong. Novel compact low refractive index contrast silica—on-silicon AWG/[J]. Acta
Photonica Sinica, 2011, 40(8):1137-1142.

ESCH, XIS, BIEAR /N RCGHRYT S 25 e 5 AU R BRSSO T]. TR, 2011,40(8) :1137-1142.

[7] WANG Liangling, ZHANG Jiashun, AN Junming, et al. Same side arrayed waveguide grating multiplexer for data center
transmitter [ J]. Acta Photonica Sinica, 2021,50(1):0123002.

ESERE L IF 6 TR o % S 0 0 ) 6 S 2801, O T4, 2021, 50( 1) :0123002,

[8] KAMEI S. Recent progress on athermal AWG wavelength multiplexer [C]. 2009 Conference on Optical Fiber
Communication, 2009.

[9] KANEKO A, KAMEI S, INOUE Y, et al. Athermal silica-based arrayed-waveguide grating (AWG) multiplexers with
new low loss groove design[C]. Optical Fiber Communication Conference, 1999, and the International Conference on
Integrated Optics and Optical Fiber Communication, 1999.

[10] ZHOU Tianhong, MA Weidong. A novel fabrication approach for an athermal arrayed-waveguide grating[J]. Journal of

Semiconductors, 2010, 1:39-41.

[11] HIRABAYASHI K, KOSHOBU N , KOBAYASHI J, et al. Reduction of second-order temperature dependence of
silica~based athermal AWG by using two resin—filled grooves[J]. IEEE Photonics Technology Letters. 2011, 23(11) :
676-678.

[12] ITU-T G. 698.4-2018, Multichannel bi-directional DWDM applications with port agnostic single—channel optical
interfaces (Study Group 15)[S]. Geneva, International Telecommunication Union, 2018.

[13] WANG Wenmin, MA Weidong, CHEN Guang, et al. Optimum design of AWG router with flattened passband and low
loss [J]. Acta Photonica Sinica, 2003, 32(9):1049-1052.

ECH, BTAR, BRot, 4 AR BT 2 e R R 8 SO A2 T AR O AL L)L O T AR, 2003, 32(9) :1049-
1052.

[14] PATHAK S, VANSLEMBROUCK M , DUMON P , et al. Optimized silicon AWG with flattened spectral response
using an MMI aperture[ J]. Journal of Lightwave Technology, 2013, 31(1):87-93.

[15] DAI Daoxin, MEI Weiquan, HE Sailing. Using a tapered MMI to flatten the passband of an AWG [J]. Optics
Communications, 2003, 219(1-6) :233-239.

[16] KAMEI S, INOUE Y, SHIBATA T, et al. Low-loss and compact silica-based athermal arrayed waveguide grating
using resin—filled groove[ J]. Journal of Lightwave Technology, 2009, 27(17) :3790-3799.

0623003-9



Fabrication of Silica Based Silicon 20 Channel Cyclic Arrayed
Waveguide Grating

ZHANG Jiashun', AN Junming’, SUN Bingli’, CHEN Jun’, HU Yanzhang’, SHAN Chongxin'
(1 Henan Diamond Optoelectronic Materials and Devices Key Laboratory,School of Physics and Engineering,
Zhengzhou University , Zhengzhou 450001, China)

(2 State Key Laboratory of Integrated Optoelectronics , Institute of Semiconductors, Chinese Academy of Sciences,
Beijing 100083, China)

(3 Henan Key Laboratory of Optoelectronic Circuit and Integration ,Henan Shi Jia Photons Technology Co.,Ltd ,
Hebi,Henan 458030, China)

Abstract: At present, the world has entered the era of big data, with the rise of cloud computing, big data
and mobile Internet, it is urgent to introduce the next generation port technology to meet the application
requirements. With the formal freezing of the 3rd Generation Partnership Project (3GPP) the 5th
generation mobile communication technology (5G) Non Standalone (NSA) and Standalone (SA)
networking standards, Chinese operators have started planning and designing 5G pilot and pre commercial
schemes simultaneously. The pace of 5G moving towards commercial use has been gradually accelerated.
Up till now, the most representative Dense Wavelength Division Multiplexing (DWDM) technology
suitable for 5G fronthaul is the multichannel bidirectional metro access DWDM System with port agnostic,
which based on the G.698.4 standard adopted and released by International Telecommunication Union
Telecommunication standardization sector (ITU-T) in 2018. The scheme adopts wavelength tunable
optical module, which has port independent and wavelength adaptive characteristics. The tail end
equipment has the ability to automatically adjust the working wavelength of the optical module to the port
connected, including optical demultiplexer, multiplexer and optical add drop multiplexer. The 20 channel
WDM system carried by 5G contains 20 uplink wavelengths and 20 downlink wavelengths, and each
output contains one uplink wavelength and one downlink wavelength. It is similar to a cyclic structure and
requires a special cyclic Arrayed Waveguide Grating (AWG). It is usually composed of many discrete
devices, which has complex structure, high cost and large volume, and difficult to produce on a large scale.
According to ITU-T G.698.4 standard, a 20 channel cyclic AWG suitable for 5G fronthaul transmission is
designed and fabricated with a channel spacing of 100 GHz. Compared with the traditional periodic AWG
structure, the 2X 20 cyclic AWG structure can achieve strict alignment of channel wavelength and higher
insertion loss uniformity. In addition, the exponential tapered waveguide is used to replace the rectangular
Multimode Interferometer (MMI) , which can reduce the loss caused by the sudden change of waveguide
structure, and do not bring the deterioration of spectral performance. And a flattened AWG passband is
realized. After mechanical compensation athermal packaging, the insertion loss of the prepared 20 channel
cyclic AWG module is about 5.5 dB, 0.5 dB bandwidth is about 0.31 nm, and the center wavelength offset
is in the range of —40 pm to 80 pm when the temperature changes at — 40 °C/25 °*C/80 °C. The center
wavelength offset is a litter large, mainly due to the following two reasons: 1) the average difference of
central wavelength offset between uplink band and downlink band is 25 pm, the two are not equal; 2)the
central wavelength offset at low—temperature is 68 pm on average compared with normal temperature, and
the offset at high—temperature is —5 pm. The wavelength offset at high and low temperature is unbalanced.
For the above two problems, the input waveguide position of the downlink band can be fine—tuned
downward to make the center wavelength offset of the uplink / downlink band equal. The length of the
expansion screw can be adjusted to balance the wavelength offset at high and low temperatures, so as to
further reduce the center wavelength offset. The athermal AWG module has the advantages of miniaturization,
low costand large—scale production, and can be widely used in 5G fronthaul transmission network.

Key words: Optical waveguide; Arrayed waveguide gratings; Silica based silicon; 5G fronthaul;
Athermal packaging
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