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Abstract: A modulated grating Y-branch laser (MGY) is an ideal light source for fiber grating demodula-
tion system. At present,there are few modeling studies on its tuning characteristics. In order to study the
tuning characteristics of MGY, this paper extended the transmission line laser model (TLLM) to simu-
late MGY. The Y-type laser with analog modulated grating is studied by combining the TLLM, trans-
mission matrix method (TMM) and digital filtering method. In the combined model, we use the TMM
method based on time domain for the gain region and phase region. Firstly,the TMM based on frequency
domain is used for the left and right modulated grating (LMG/RMG) regions,and then the inverse Fou-
rier transform is used as the time domain model. The output current characteristic curve and static tuning
characteristic of the MGY are simulated successfully,which is similar to the published experimental re-
sults. This comprehensive model can be used to study the transient response and laser spectra of devices
that are difficult to obtain using frequency-domain models.

Key words: modulated grating Y-branch laser (MGGY); transmission line laser model (TLLM); trans-
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Fig.1 Transmission line model of MGY laser
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Tab.1 Definition of parameters used in MGY laser simulation

Symbol Parameter name Value Unit
Resonance wavelength Ao 1550 nm
Gain-peak angular frequency shift coefficient dw/dN 1.12X10° " m’/s
Gain section length I 350 pm
Phase section length lp 80 pm
Left modulated grating reflector length Iy, 530 pm
Right modulated grating reflector length I 530 pm
Attenuation factor Qse 0 cm !
Waveguide width w 1.2 pm
Waveguide thickness ACH_Ve d 015 pm
Passive 0.23
Waveguide loss Y 1000 m!
Waveguide confinement factor ACU_VC I 0.2 B
Passive r, 0.3 —
Effective refractive index Neir 3.23 —
Group refractive index ng 3.7 -
Transparent carrier density N’ 1.5X10% m?
Nonradiative linear composite coef-ficient PAacf:;i ﬁ.: 11..658>><<11058 s !
Bimolecular compound coefficient },Adit:l\:i E: 2?18><><1(1)(7)1’b” m’/s
Auger compound coefficient Ii\it::ii 2’]: ié 18::? m®/s
Current injection efficiency 7 0.8 —
Differential gain coefficient a 3X10°1 cm?®
Gain compression factor € 2X10°% m®
Derivative of refractive index to carrier density dng /dN 1.5X10°* m’
Derivative of absorption coefficient to carrier density da/dN 1.5X10* m®
Spontaneous emission recombination coefficient in gain region c 1x10* —
Gain curvature g, 4.85X10°*  §/m
Grating coupling of Unit length K 160 cm !

K, x (o) BA L LMR/RMG (1 J2 §F % 135 5
M R UE I A R AL

i 0 6 BRI AT LR A Sy VR E I TR]
i B BRI 220 1 SR R L I AR A FIR I e R Bk
NN

Fi, — fo(t)y“f*“ . (32)

> ] 2 A 57 DX S8 H A B B R A B A A6 IX

VEA LGRS AL 2 I 8 () B . B % AL X
LB K RS B R A R kA
B 1A 2Bk AR 3 43 A1 AR A X I - F 3T 9 Rl 2k
2R o PR R — AR 0 2 Pk X B AT e L
ZERE 8(b) fin, 5B &R CERLLS ] b
—2.

J TR RS LMG X Al RMG X8 i 5% S



S5090 WIWK MG A - Tk T a2k OB & RS A A R DB A Y S SO S 05 K

« 917 -

P By L X LMG XA RMG K i f5 T — & 51
TR, LMG 1 RMG X 35 1) 1 H O S50 20 4
SNE 9 Ca) FME 9 firs . AT LIS F] , 3 K XF i
T AR A 2 S Y BRI L B — A B R AR — A AR,

MR RS LMG F RMG X 38, 15 4 4R 5z 5 i
X5

&8 Ca) A1 Cb) fir s, 4 A 2 i LMG i
RMG X 38, 438 7 [l Jo %34 3] 40 nm,

7 T T T T T T T

Gain curve g
Fitting curve /o

6_

5+ v
y=-11.028+0.826x .-~

Output power/mW

O ‘l 1 1 1 1 1 1
14 15 16 17 18 19 20
Gain section current/mA

(b) Fitting curve of linear growth of output

21

power and injection current in laser gain region

B 6 MGY #taE P-I 451k

Fig. 6 P-I characteristic curve of MGY laser

10 T T T T
8 -
=
£
5§ 6r
z
(=]
Q
gl
]
o
2 -
(13.55,0.01)
O 1 1 1 1
0 20 40 60 80 100
Gain section current/mA
(a) P-I curve of MGY laser with stable output
0.8 ; .
Left reflector
0.7 koo Right rf:ﬂecltor
0.6 | 1t
z 0.5
2 i
5 04t 1
[} i
5
% 03¢ H .
02} HETEE
0.0 A AT i". Gt Sl éz' B2 " i
1520 1530 1540 1550 1560 1570
Wavelength/nm
B 7 &£ HE MRS E
Fig. 7 Reflection spectra of LMG & RMG
1543.0 T T T T T
§(0.861,1 542.99)
15429 F \ |
< “
£
5
25408 X
2 (2.981,1 542.785)
<
=
1542.7 L 4
1 1 1 1 1

0.0 0.5 1.0 1.5 2.0

Phase current/mA

25 3.0

(a) Wavelength versus injection current in the phase region
8

Wavelength/nm

T3 48 X A & 5 O AR A, I
MGY Bt s 9 i 1O D AR BRI . 78 58 B iz
Hh T R 2 S R OGO A A O A A Y S T
Ko A, mE 10 i . MGY HOb# M 1520 3
1570 nm {9 6 FhAS [A] 3 1 i 06 B9 2 D RO R
B eig . ISR 2908 40 nm,

4 %

=A

AR TLLM J5 3 ok #5480 MGY , % 3 #5 1
PHHEME Y J3 SR A IR ER 43 R T AN [ 1 A5 40 7
2. K TLLM J5 i %F MGY A P53 43 ik 47 8 400 5
FIH MPA 15 5] MMI #4576 35 A% i v 1 7% 328 oR
s A TMM  TLLM UL U8 I A 25 5 169 O 16 X

%

1543.00 — ; : :
’ Wavelength curve

154295 F . = v Fitting curve _

1542.90 | SN y=1 543.062-0.095x

154285

1542.80

154275 L . L !

1.0 1.5 2.0
Phase current/mA

(b) Linear fitting of wavelength versus injection

2.5 3.0

current in the phase region

B A48 L R R 1 B 2%

Fig.8 Wavelength-phase current tuning curve



Power/dBm

918 -

1575 T T T T T T T T
1570 [ -1
1565

1560 H F

1555
1550 H

Wavelength/nm

1545 H

1540

1535 |- F

1530 1 1 1 1 1 1 1 1
0 2 4 6 &8 10 12 14 16 18

Left grating current/mA

(a) Tuning figure of wavelength-LMG region current

&9

1 570 T T T T T T T T
1565
1560

Wavelength/nm

1530
1525 . . . . . 1 1 1
0

1:555
1550
1545

1540
1535

Ye BB X - B S 2022%F %¥33%

2 4 6 8 100 12 14 16 18

Right grating current/mA
(b) Tuning curve of wavelength-RMG region current

-1 S X ER I R iR

Fig. 9 Tuning figure of wavelength-modulated grating region current
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Fig. 10 Output spectra of lasers with different wavelengths
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