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Photonic chip sensing test system based on grating coupling techniques

Liu Xingyu'?, Guo Rongxiang',Lang Qiyue"”, Liu Tiegen'” Cheng Zhenzhou'’

(1. School of Precision Instruments and Optoelectronics Engineering, Tianjin University, Tianjin 300072, China;
2. Key Laboratory of Optoelectronics Information Technology, Ministry of Education, Tianjin 300072, China)

Abstract: Advanced photonic chip testing systems have attracted significant attention to date. However, existing photonic chip testing
systems are primarily developed for communication chips and lack environmental parameter control functions, making them insufficient
for the development needs of sensing chips. In this study, we present a photonic chip sensing test system based on grating coupling
techniques. The system consists of automatic grating coupling, environment control and perception, as well as data processing and
interaction. Using this system, we demonstrated gas concentration sensing and temperature sensing by using a silicon micro-ring
resonator. Experimental results show that under standard temperature and pressure conditions, the system can detect CO, gas
concentrations ranging from 20% to 80% , with a sensitivity of 0. 152 GHz/% (2. 113 pm/% ). Moreover, the temperature sensing can
be achieved in a range of 30°C to 35°C with a sensitivity of 4. 996 GHz/°C (74. 891 pm/°C ). This work provides a rapid and efficient
approach for the development of optical sensor chips.
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Fig. 1 Schematic diagram of the photonic chip sensing test

system based on grating coupling techniques
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Fig.2 Principle diagram of the chip mapping criterion

positioning method

RIS & AR B A B AR AR B, BT,
TR S R A 6, S8 H A a4 7R i #
FUES R A% 5 22 18] 1) 25 (6] B 5 5 A7, 37 SR OEs A Al b
Fo XIS R AT DA g8 A T A 4
ST EUIR MO 2 1 4 o I v £ 1 DIV 1 ST G T A TN
R b il TS BRI R T e
2.2 EGLEHEE

B B oy 21Ol A 5 N o TN e L
KRG LI T WL WG SR G IS T SER AR R, R
T ESRGES TR ARG REIEGIA T BIR AL
FIPEs B G RPEE RAAL G k0 0 b O G A
B0 JEER N 3 s

( )

1] ]11%

50000

—_5_ _ |

SREOLHRL A 8 B,
V445 358
= BERRBU
W
ry )
S AR (x,. )
ERAE O AR (v, )
N OEHHEA RS ()
THo
— = 5( 5> i)
%%EEEE IR ARG ()
Fs 3

3 PRGN AR E 5 3k S P
Fig. 3  Principle diagram of the image processing criterion

positioning method



57

X RT A TS S EORMDET 8 A L R 5t 159

P2, IS H L9 GDS SO o RO B £
BB RIS P 985 U 7 e A
HE A0 S BIR HESE TS o1 S £ 2600 He b 6 B
HAEW T £3 L5 0 0 SE PR A R S
308 3 S BUGET S RS 3, 4 B R PER 3 B B, 5
WOBET S5 P A . OB LT PR Ak F A
19 1B A 7 BT R A B 0 R WL
. R AP 3 TR A 1 0 28 S 1,
T SEBIRT A ] 595 1250 40 F1 300 T 6 7
AT AA
23 BAVEARE

SIS WU B G HR TS
T LM A BRI e JHLE 13, 5 U
XA B LB R B A 2 S R T4
Y e R UE Y FrE NS E SR

HE, W SE M R SRR E DA BOE R
ke sl e B s — N AL R PR TR S
OUAl, AR AR AT L N 4 B, anfel 4(c)
N TERAERR AL B L OGEF v 5 y 00 8 A AR AR (L E RS
BRCREBOAT T RITHOCHE & 4575 « J71 L
FEAEXIRRYE, B y ARARIEAT  J5 10 47140, LR 3 B g
FUFRRPTXINLA « MR, 3 BEAT v J7 1] 49 LA SE 37 W]
REMI AR S AL . Ffim , T BT R A7 RS 4 41 4
FUAE I A 4 B D 3R, L 0y 3R i L BT X i 19
23 [ AR AR R R SRR 0 B, X P& & DR AR 3ok
AT D7 3% AT AN 4 (a) 5 (b) Fros i
AT AT T UG A R X T e R 7 Y
Jrla), WeAh SR S BEAT 2y T 1 3 4 ) O I A
PUORT 10 DX ] I 2> 1 19 i ) 25 RO ]
HAg AP R

(2) FER RERTT ¥

(a) Reciprocating scanning method

(b) SR eI

(b) Spiral scanning method

(c) B FIHE I y77 W) 43 B vk
(c) Separate scanning method
in x and y directions with criteria

K4 TR Y A S A DR AR ks B A

Fig.4 Schematic diagram of the proposed automatic coupling power criterion scanning methods

2.4 MEMWRER

30 2o A 3 S 30T DA TRt AR N 1K R 4
T A S A IS RER A . RGP R RS
B 45 53 ) 186 7 A i A R B DG EF i =B B &
(Thorlabs Nanomax300) A B 45 il 5 %% &5 19 20 i v ML ER 3
#% (Thorlabs DRV208) , v # 5 H1 11 A HLEE ¥ $2 445 4
PATHIREOGET 5085 i 22 18] A8 15 2 A A 32, AT 52 B
FHER MRS, N TRFEIREER S5 —, A 3h#l
AP R 1 wm S ERERE 7 10 pm x 10 um
A1 4 DXl A A o DGR 8 1 R A T D3, Sy T 4 s
FAH IS A0 A A A BE S PR 1 B D A R 1
2 pm, TERAMLE AT 3 YORME  BOF- BB ISR 2,
PR 5 PR, S ARG 00 8 7E 1K v T B A
o #5125 (5240) il Xt y Jr ml A4, LA (BT

ISEYIE S SN IF=W NN TR # S JE R A {1 I Y s
552 B (R DI IR —3RA5 09 D R e s Wl
(8 (5 20 R — R B DT I AR DR y A bm AN )
filh b BEAT o B0 1) B4, IR0 ST A B R B g I RS
BLEGARAR , BRI A AT BE B F AR 00 B, 5 3 4P (LA R
20) 2N T b A G AL E I R 22 . BB R
FAERIEINEIRE 22 AR 22 N R XA R 1.2 w140 4.3
10 R R (L S 1L A AR s BEAT 140, 2 — 20 e
RS A AL &, P2 s A 0L B R ER . 26 4 0 (A
L) TR A RORT AR ERAE R4 DR ] 7 b —
A FTARBU e R A B ] 2 pomx 2 pm 1 X8, 5 LA
1 pm WP KRB SO BRI, HME s X TR
I A S A S A AT AR L v i T L, S S
W (L 9 o7 B8 1 5 re R A 5 DRI



160 % & L F ¥

45k

K5 RFBHEFIE Y« y J7 10500 Al 25
Fig.5 Results of the separate scanning method in the
x and y directions by using the criterion

3 |EEFEEERN

3.1 EFRHERUK REE ISR

T BRI A L T R A B R SRR RE,
TEFREBE R L TR A T R AR U A R
AU 6 B T IT SRR EE A A B AR IR

(a) &)y s B
(a) Physical image of the chip

BRI
100 pm

(b) RERE BRI R I A5 SEME

(b) SEM image of silicon microring resonator
K6 REREN G ORI IR g
Fig. 6 Microring resonators coupled with the
silicon-based waveguide

K 6(a) et T8 B S I, ORISR 2% i =
P i ) I P RO B R EA TR S I 6 (b)
A4 B T 5 S 8% ( scanning electron microscope, SEM)
PRI o TR I IR A 19 328 S8 OE 1 52 BB AR 25 LR 4k
o YIRS FTAL B BRI A A AR A TR 35 3 v Y
A 2GR, B 2 A i #3083 ) e I 0 67 5 1Y
P A% el n] USRI PR 58 92840, 1A 6 (b) Hr i l& B
LA CO, MR AR E AL RO ], P Y Co, <
PR B2 AR AR AN T IR T 3 2 e A= A2 e, ieid
FERTLAMEC(T) 5 (2) ik

n=1+p(R,) (1

(Ry) = Z;R(;ixi (2)

Horb ) n SRR BRIV INEAT B3R p ROREEIRE
J&E LRI mol/em®, (R) WASHIEERTIE — HURHF AL,
S FRAMGE B TR AL B X, R T AR
IR IR MR TRV O B8 B SEE 3 S 3 o B B 05 L
AT AE AL X — 28 Ak B2 BT LA Sellmeier J5 #2, HI
H(3) ik

, S S A
n’(\,T) 1-;7)‘2_)@(” (3)
o, S, BB A, AR R AL IRFFAEAY SR EE A S

TARRR

S 6530 3 0 DA a2 3 P A 9% 8 2% AR e O ¢
R RIS LA RIS A, 15 L A5 (4)
filiids -

Ay =T m=1,2,3" (4)
m

Hr, m FRIEIRIPEL, n,, Fon WO YT PR AT
AT YIREEYT IR 0 AR R B B T R A R
Prit#n,, B2 AL, SRS BOE IR B 9 F2 , 45 3C
PR I R AN, DT SC IR S 5500 i

Ax _Any,

X = ? (5)

Ho, An, BPCFARAT S R B E 0, WIS
HYRET ST

SR T e i S AR AR A AR BLAE T SR
S R SR AL B R, AR SCOR FH T A R U S A
P s A B T S AT LA R R S I
P EEBARE . HeAh, B TR I T iR S U S
BEM SR/, A SRR T 2 AR fr A RE , DA T 5230
T (e A SO IR J i BT R Q L, 418 o 12 e 1) R S
3.2 AFERERUXREEGFNTA

At A A R R g S 5 WK 7 R,
155 % A B H A — > 7 22 % nT IR BOR 8 (1PG
CLT-2250-500) . H % th By 620 ' bR B3 2 A e B 2



57

X RT A TS S EORMDET 8 A L R 5t 161

J5 R £ BE UL LT ( Thorlabs SM2000) . it HL # 4 £6¢
PRERE S 2.4 W EE AR . {5 S 4R DR
RO HL 8 2 2R 3 (Thorlabs PM100D ) 1 4 4 i
JCEFRAE B8 R i G DA 3l i 78 8 R Ul A
B LA IR B 0. 1°C 9 B L v 5 5
PR EE IR B A 4, RS O 0°C ~60°C, N T 5K

BiRRem s

TR A4 T B 1 R s oL, SR P P RS A N BB
AR I e =, FERE SN LA T SO AR R
T (Fujikin FCST1005) FHEACAE o 38 20 K 6 %2
Tl AW T AN FT AR ) LA R S B W R A e R
T ERBE IR | 2 A B A o T RS E T A DK R
Tt

|

YR T

K7 St L R SR A

Fig. 7 Schematic diagram of the photonic chip sensing test system
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