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Abstract The thermal behaviors of the elliptical microcavity laser are analyzed experimentally and theoretically.
The major axis of the elliptical microdisk is 12 pm, the minor axis is 10 pwm, and the output waveguide with width
of 2 pm is connected directly. The thermal characteristics are investigated based on the lasing characteristics for
continuous—wave electrical injection operations. The mode wavelength shift is used to estimate the temperature
impedance (Z:=0.846 K/mW) during continuous operation. Based on the finite—element modeling, the thermal
impedance is simulated for the elliptical microcavity laser and the simulation results are in good agreement with
the experimental data. The maximum temperature impedance deviation between the simulated and experimental
results is about 5%. The temperature rise in the active region as a function of the substrate size is investigated. The
simulated results indicate that the heating performance of the benzocyclobutene-confined elliptical microcavity
laser can be greatly improved by using an interlayer thermal shunt.
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Fig.1 Waveguide elliptical microcavity laser. (a) Schematic of the equipment; (b) cross—sectional schematic diagram
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Fig.2 (a) Power—current curves at TEC temperatures of 288, 294, 300 K; (b) voltage—current and power—current curves at

TEC temperature of 288 K

0402007-2



S I S

2.2 WEEHLRRE
A 3 S AP BRI AT EOL & AR EE - 1) TE—E R A E T AR EOL 8 K BEE TEC i B AR L &
AMAT 52) [ 2 il E 26 VF R, AR OL A% DO B BUAE D R BAE Y SC 28 AN/AP, |, T FABH e

_(dA)[dAY!
()

3(a) T 7 SR A HL A5 JEE A 30 mA B K B TEC 6L 9 28 {656 &, &1 3(b) /s b AS W) R T 10035
Ko 8 L PERLE T LIRS AVAT=0.117 nm/K (Y3 L0RE 3 B o D) S840 FE 43 R A U IX 450 R R Al A7 T8 IX
AR (R HAR), D R4 FE

P~|:Pin(1_7l):Pj+Pa.w (2)
K P =R N AFA S 45 B A= 0 8 B PR 06 a8 AR B I DN 38 7™ A2 iy ik, Pu=IV, m=P../P.,
RO AR B H R B ROR o ARYE B 2(b) IR, TR AT AR =0.3 AT R AR Pao AR YR SC IR MK S5 R, v LA H
WK BED R AR R I LM A5 2R3 AVAP, .

H4 TEC I B [ %2 75 288 K, 38 af i 28 7 AL U 0] 19 L i AT 38 AT AR B K 5 DR AR O &R L 151 4
()i s o T2 TECIHREE , S IR FEEARE . 1 4(b) AR TE AT 0615 o AR 48 45 1RO B 20 &
I A Bl B 9 21 R 3 20,117 nm/K), T30 U5 X A 52 PR TAE R B . 11 5 MBS T 7R i TEC I Ol 288 K
e o SR v IR (= - i R NG S e o S B U1 e R - Ui R AN R DR e S R

AT=0.0075I" +0.641 +25.2 . (3)

1560.4
g @ _90f®) — 288K
£1560.0 —294K
| E-30p —— 300K

5=

§ 1559.6 5_40 L
£1559.2 2-50¢
= 30 mA %_60 m M

1558.8 A/AT=0.117 nm/K = 2

288 291 204 297 300 ~707550 1655 1660 1565 1670

Temperature /K

Wavelength /nm

3 R OGS TAEAE 30 mA HUFEIN, (a) #2200 1K B8 TEC LB A9 722 465G 2 5 (b) AR T 3%
Fig.3 (a) Lasing wavelength versus TEC temperature and (b) lasing spectra measured at different TEC temperatures for microcavity

laser under injection current of 30 mA
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Fig.4 (a) Lasing wavelength versus the applied electric power at 288 K; (b) lasing spectra for the microcavity laser under different

injection currents at 288 K
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Fig.5 Practical laser temperature in active region versus injection current at TEC temperature of 288 K
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Table 1 Parameters and materials of each layer in the laser

Material Thickness /pm K /(W-m™"-K™") p/(geem™) c/(J-g"-K™")
Ti/Pt/Au 0.3 150 19.3 0.13
BCB 4 0.3 1 2.18
SisN, 0.3 19 2.5 33
p'~InGaAs 0.12 6 4.8 0.31
p-InP 1.5 40 4.8 0.31
AlGalnAs MQW's 0.3 6 4.8 0.31
n-InP 120 40 4.8 0.31
Au/Ge/Ni 0.3 150 19.3 0.13
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Fig.6 Simulated and measured temperatures change of laser at different injected currents

340t(a)

—90 pm -

3300 120 um % 330}
2320- ——150 pm §320_
o | -
§310 gatof

300}
& & 300t

290} Fa Al I 290 ; i i

-140 -100 -60  -20 0 20 40 60 80
Position of substrate /um Width of substrate /um

7 B O AR IR S 3 A o (a) T BT 1805 (b) ZKF-J7 1]
Fig.7 Temperature distribution of microcavity laser. (a) Vertical direction; (b) horizontal direction
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Fig.8 Two—dimensional temperature distributions of microcavity laser at heat—sink temperature of 288 K. (a) Actual structure;

(b) proposed structure with a thermal shunt used
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