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Abstract: Femtosecond laser direct writing of glass waveguides is an important means to rapidly prepare three-
dimensional integrated photonic chips, and the accurate measurement of the effective refractive index of
waveguides is significant for designing photonic devices. A breaking-arm Mach-Zendel interferometer (MZI)
structure is designed and fabricated for in-situ precise measurement of the effective refractive index of glass
waveguides. The different effective refractive index of the laser in the breaking region and within the waveguide
produces a certain phase difference at the same length of transmission, which eventually leads to different
interference results. The phase interference results of the MZI of the breaking arm are processed to obtain the
effective refractive index of the laser direct-written glass waveguide as 1.504+7.7x107*. The device is simulated
by using the beam propagation algorithm of RSOFT, and the simulation results are in good agreement with the
experimental results. This accurate measurement of the effective refractive index of the glass waveguide is of
great significance for the enhancement of photonic chip design and fabrication.
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Fig.1 Schematic diagram of the structure of the breaking arm MZI, consisting of two directional couplers with a splitting ratio of 1 : 1 and a breaking

line waveguide. IN1 is the laser input port, OUT1 and OUT?2 are the two output ports

202204912



s Gk A2

% 10 47

www.irla.cn

23

%51 %

s kon, (L—Lo) Al kon,(L—L) “h 36 HAE IS IX 38 1 A
AR Sk kgL I kgL SRy Y TRLE W FF DX 358 14 A {37
WA B gy SRy A Sl Ay R D O A 1 1 R i A
fio Ho, L AT SR E, n, HIESHA
BT 93, ny Ry IR EL I A T 9 36, ko S EL A5 DEH
AR AR 22 AT
A¢p =ky-An-(L— L)+ Ad' 3)

A An BT O R 5 WA AT S R 0 22 1H
A B T TS, O ARTE B b 7S A4
1L B LA AR A

0B 5 AT R D SR AE T R MZI Y
i 25 R S R 2B ROk, 4 HOC R AT
S v SR SO A 4 25 1, BIF9E T SRR i A0
T MZLES AT B TR EEX MZI 9 1% i
HEAT SR, AR R R

[ E3 :[ I-C -iVC [ g o0 ]
E4 —ivVC +Vi=cC 0 emitra

[ I-C -iVC

-ivVC V1-C [EOI]
“4)

A E3 F E4 43500 OUTL #1 OUT2 (1) H 3 3 %
85 A 5 — R FE RN SR = AN FESAOG R AE DC 1Yy
A C B 1 RS E MRS SR I T R 5
A 150 AR Ay G TR TR BT e 94 £ i 4
Horhg Fl o 43 50 R 1o MZI T8 FE AR f
FNRAE, XTI ) o Bl @y A 3 1) ' T3 3k MZT T
TR B A L AR RE ;s E1 RS AOGR LR B . Xt
TG HAR I (4) PEAToR AR, 4 C=0.5, AT LATS 31 ¥ i H i
FL 0 B 1 3R A X

El, . .

— —ig1—a1 _ q—idp—ar

E3= 3 (e e ) (5)
-i-E1, . _
— —i$1—ay —igy—ar

Ed=— (e 4 o) (6)
e = cosx+i-sinx 7
P=|Ef ®)

AR 22 2 (7) %22 20 2) a3 ) #EAT ik
], FACAZL S (8), K153 2 OUT1 i it 2
P3 FI OUT2 A% i e 2 P4 23T

rl e_zm i e_z(,z —De " ®c0g (¢1 - ¢2)] (9)

P1
PA= e ven 4 2e cos(g )| (10)

HAZ (9) AIAR (10) 7] LATHEAS 3038 5t b i 2
KAUNF:

r= P3I:-4P4 - % : e:z:lo Jsr(jlz 2
A A1) o, BHEH T AT

a; = ay +a (12)

@ =ap+ay (13)

PR, 40046 32 225 TR R R, o ayy B oy
BT DG | B RFE, ag F1 ay Ry RS I8 T 5 |62
M . 3 AT S L A AT UK, Y L (BB I,
x| IS AR AL 22 AR AR AL, [R]IN  BO T
JEN LT R AE R AR U, B AR S W K
LAFTEREOC R . AKX PHWAZER, N L ay,
DR AR B A T 5080 A B 75 5K, w7 2245 3] 5
—AR R L AGEST G TR HRAOCR KRB Bk, S0h
FERP LT AN R 5, ST o FIETIT R
JE L IR R RIAR, fif e — A5 B (Y [ 85 L, T
B IAE AL Ag 1 BAR 3R 2, AR L S WK B L Y
Ko

N T RS AN T W B A R B &R, SR
T H R A AN B 2 R AR 1 X () AR R AR,
LG BB WO IR AE W T B h A8k . 18] 2(a) JE
N T W R O R A A RS

e 30T G TR T RIS S, RIS A b DLy
W sR B e AL 4G . BRI B 46 J5 ] z At
Y D% N O R R v T N B 3 R Ao | B
B O v WA B B s s o Hodr, =0 B,
2wy KU AR, 2w(L) AW N LAY
WMEEAR . ORISR, H R e =
IR 2% 7 1, AE R/ IR (L 2 A2, T A5 38 v ok
WAE z=0 Kb FF i, H5 LA 2 (14) i 50 m sk
T B A A s LA

—'J'(Z)}}
(14)

Agwy [_ r
Ao r AEWOCR AR 2 AR B, 4, il

E(r,2)=

. r2
e N T e"p{"{k [2R R

20220491-3



i E ok A2

%104 www.irla.cn

(@) ¢2w )
#L/ X
lWaveguide II + / - I Waveguide ] I
b e 1=20 pm <10¢ 1=200 um X104 L=500 um o
1.0 1.0
=) g =)
ES S S
N N 0.5 N 0.5
0 0
=20
X/um X/pm X/pm
x10* L=1 000 nm x10% L=1 500 wm x10* L=2 000 nm 1.0
1.0 1.0 1.0 = I
g g g
N 05 N 0.5 N 0.5 =
0 0 0 -
—20 0 20 —20 0 20 —20 0 20 0
X/um X/pm X/um

12 (a) RIHDEATEBTZAT P RREI; (o) B3 e A RIS S i Rt oA

Fig.2 (a) Model of Gaussian beam propagation in a disconnected waveguide; (b) Light field distribution of Gaussian beam propagation in waveguides
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Fig.3 (a) Beam waist radius versus propagation distance L for different background refractive indices at wy=4 pm; (b) Simulated mode field distribution

of Gaussian light diverging inside a material with refractive index n2
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