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V-cavity Tunable Semiconductor Laser

WANG Ao', ZOU Yong-gang' ", LI Ming-yu’", CHEN Tuo’, CHANG Kai®,

WANG Xiao-long', GONG Jing-li’, SHI Lin-lin', FAN Jie' , ZHENG Zhou', MA Xiao’, HE Jian-jun’
(1. State Key Laboratory of High Power Semiconductor Laser, Changchun University of Science and Technology, Changchun 130022, China;
2. School of Opto-Electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China;

3. State Key Laboratory of Modern Optical Instrumentation, Zhejiang University, Hangzhou 310027, China)

# Corresponding Authors, E-mail ; zouyg@ cust. edu. cn; Limingyu@ cust. edu. cn

Abstract; V-cavity tunable semiconductor laser has great potential in optical network because of its
advantages of simplicity, compactness and high performance. However, because the thermal con-
ductivity of epitaxial structure is similar, most of the heat for wavelength tuning is lost directly, and
so the tuning efficiency of laser is low. In this paper, a V-cavity laser with high tuning efficiency is
designed by adding a heat insulation structure in the tuning region of the laser. Through the tempera-
ture model of V-cavity laser built by COMSOL Multiphysics, the effect of adding thermal insulation
structure on the temperature of each part of the laser is analyzed. Through the optical field distribu-
tion established by Rsoft, the proper half wave coupler parameters are selected, so that the laser has

the best mode selectivity. The results show that threshold gain difference between the lowest threshold
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mode and the next lowest threshold mode is 6. 07 c¢m~

1 . .. .
, and the tuning efficiency increases from

0.165 nm/mW to 0.3 nm/mW. Meanwhile, the addition of thermal insulation structure will not

cause obvious temperature rise in other areas of the laser, and the negative impact on the device per-

formance can be ignored.

Key words: semiconductor lasers; wavelength tunable; thermal effects; thermal insulation
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Fig.2 Schematic diagram of coupler image expansion
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Fig.3 Normalized cross coupling coefficient(a) and coupling phase(b) with the change of coupler paramaters
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Fig.4  Threshold gain difference between the lowest thresh-
old mode and the next lowest threshold mode as a
function of the normalized cross-coupling coefficient

and coupling phase
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Tab.1 Laser model parameters
D/ p/ c/ K/ E/ o/
Layer Material vy
pm o (kgem™)  (J+ kg? - K (W+ m'-K') GPa (107°K™)
Gain electrode Au 0.50 19 300 129.0 317.0 70.0 0.440 14.20
Thin film resistor Pt 0.20 21 450 134.0 69.1 168.0 0.380 9.00
Electrical isolation Si0, 0.25 2 200 730.0 1.4 70.0 0.170 0.50
Contact InGaAs 0.20 5 500 310.0 5.0 67.0 0.323 5.66
Waveguide InP 0.15 4 820 180.0 67.0 61.1 0.360 4.51
Grinsch InGaAsP  0.05 4903 456.6 49.2 65.1 0.340 5.13
Active InGaAsP  0.08 4903 456.6 49.2 65.1 0.340 5.13
Etch stop InGaAs 2.00 5 500 310.0 5.0 67.0 0.323 5.66
Substrate InP 100. 00 4 820 180.0 67.0 61.1 0.360 4.51
Submount AIN 4.00 3 240 743.0 285.0 310.0 0.250 4.50
V RIEHOL BRI AT 5 BT, W o Bnpg 3
BEL H: (R P £ OGBS 5 W A M 1 "

DU AN AR X R AR T2 B ) T i
FHRTAIATL, AN S (a) BioR o fE—RE YR T)
N I AR LA R R A /R ]
HAWE , MRS, fE 5(b) Al LAF
B R AL T3 10 2 BB 1 S A 18] T i, A
i HRESRTT A A DIl ) T8 14 338 | 2 3l 70 W IR 1 )
A B, PR R T A O AR BRI SCR N
BB R, RS S RO AR L A BT
AP IR T HOCAR IR IR I B R AR A A
PHIAK

FESL AT AR AP I 2 T A AR R SR A AR
i VRO B R A BIE 6 oL
T A B A P BEL P O P A A i £,
H, An it BE 5 R A 37 85 R AR, onsae S 3T Y
R B AL AR AT Sy 5 A BN A5 | R A i
PRI IR EEAE A, GnlE 6 Fron  TEMOL a8 A 5 B 4
SERIN T E LY 59 mA I ER A RE 52
BEAY 20 {RE B YT M 7E 75 B SR I, X T
SEPLIRIRERE B A R IR, oG AR U 2 40 mA
AR LR . PRI RCR R AY 0. 13 nm/mW $2



5 8 1]

T, A EIEIESCR VB AR SO R O T S S 981

T/K

(a) (b) 480
460

440

11420

| 1400

380

360

340
320
300

Bls  idiso 0,15 Wi,V BUEEOC SRR EE MG IE, (a) TCRIAGSH ; (b) A FRIAGEH,

Fig.5 Temperature distribution of V-cavity laser with heating power of 0. 15 W. (a) Without thermal insulation structure. (b)

With thermal insulation stucture.

1562 — -
1560~ — With insulation structure

1558 —— Without insulation structure

1556
1554
1552
1550
1548
1546
1544
1542
1540 I | 1 1 1 | |

A/nm

.
—
HE

I/mA
Bl 6 OB AR B M BE PR e IR A9 A2 6 &
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Fig.7 (a)Temperature distribution in the main working area

of the laser. (b)Two dimensional temperature distri-

bution curve of heating cavity along Y axis. The heat-

ing power is 0. 15 W.
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Fig. 8 Thermal tuning efficiency and maximum von Mises stress with the change of thermal insulation structure size. (a)Change

of thermal tuning efficiency with L. (b) Change of thermal tuning efficiency with W. (c¢)Change of maximum von Mises

stress with L. (d)Change of maximum von Mises stress with W.
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