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Thermal crosstalk characteristics in high鄄power 808 nm
AlGaAs / GaAs laser diode bars
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(Beijing Nari Smart鄄Chip Microelectronics Technology Company, Ltd. , Beijing摇 100192, China)

Abstract: The thermal crosstalk characteristics in high鄄power 808 nm AlGaAs / GaAs laser diode bar were investi鄄
gated experimentally and theoretically using infrared thermography and finite element method. We have performed
the steady鄄state and transient analysis. A detailed profile of thermal crosstalk in laser diode bar was presented in this
paper. The steady鄄state temperature rise has a logarithmical dependence on the total operation current, and the ther鄄
mal crosstalk between emitters increases with the current density. Furthermore, the transient thermal analysis sug鄄
gested that the thermal crosstalk occurred mainly in chip. Using thermal resistance parallel connection model, we
explained the phenomena that the time constant of chip decreased with the increase of total operation current.
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高功率 808 nm AlGaAs / GaAs 基半导体激光器
巴条的热耦合特征

乔彦彬,摇 陈燕宁*,摇 赵东艳,摇 张海峰
(北京南瑞智芯微电子科技有限公司,北京摇 100192)

摘要:利用红外热成像技术和有限元方法在实验和理论上研究了高功率 808 nm 半导体激光器巴条热耦合特

征,给出了稳态和瞬态热分析,呈现了详细的激光器巴条热耦合轮廓. 发现器件稳态温升随工作电流呈对数增

加,热耦合也随之增加且主要发生在芯片级. 另外,作者利用热阻并联模型解释了芯片级热时间常数随工作电

流减小的现象.
关摇 键摇 词:半导体技术;热耦合特征;红外热成像技术;有限元;高功率 808 nm AlGaAs / GaAs 基半导体激光

器巴条

中图分类号:71. 55. Eq, 72. 15. Eb, 85. 60. Bt摇 摇 文献标识码:A

Introduction

In recent years, as the output power of laser diode
bars(LDBs) with AlGaAs active regions continues to in鄄
crease, LDBs have a wide range of applications including
solid鄄state laser pumping, materials processing, optical
communications, and printing machines[1鄄2] . However,
the reliability of such high鄄power devices remains a criti鄄
cal factor that limits further applications. Several efforts
have been attempted to analyze the degradation of LD鄄
Bs[3鄄6] and to improve the performance[7鄄8] . Thermal

properties in LDBs are main issue for improving the opti鄄
cal characteristics and lifetime of these bars. For exam鄄
ple, changes of band gap with the device temperature
can result in a tuning of the emission wavelength[9] . Ag鄄
ing tests have demonstrated that the lifetime of LDBs de鄄
creased exponentially with the temperature of active re鄄
gion, which suggested that the degradation of the LDBs
strongly depended on their thermal performance[10] . The
optimized fill factors related to optical power in laser di鄄
ode bar were obtained with respect to thermal resist鄄
ance[11] . Especially, as the output power of the emitters
increases, the thermal crosstalk between emitters be鄄
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comes more significant, which affects strongly the per鄄
formance of the LDBs[12] .

We have analysis the transient thermal properties of
LDBs using diode forward voltage method in previous
works[13,14], However, up to now, the thermal crosstalk
characteristics in high鄄power LDBs is not entirely clear.
In particular, how the thermal crosstalk affects the per鄄
formance of the LDBs when the optical power increases.
In this paper, we analyzed experimentally and theoreti鄄
cally the thermal crosstalk characteristics in high鄄power
AlGaAs / GaAs LDBs in detail using infrared thermogra鄄
phy and finite element method(FEM).

1摇 Sample details

A high鄄power laser diode bar is an array of parallel
single emitter, which shares a common substrate and heat
sink. The commercial 808 nm emitting high鄄power LDBs
grown on(100) n鄄type substrate by metal鄄organic chemi鄄
cal vapor deposition were used in this work, and they
were designed for 10鄄W continuous鄄wave operation with
AlGaAs / GaAs quantum well structure. Figure 1 ( a )
presents the schematic diagram of the LDB. The bar con鄄
tained a linear array of nine emitters. Each emitter has
dimensions of 1 000 伊 100 伊 103 滋m3 ( length 伊 width 伊
heigh), and separated by 200 滋m isolation regions.
Each emitter had an individual p鄄side electrode while all
emitters shared a common n鄄side electrode so that each
emitter could operate individually during measurements.
The threshold current density and slope efficiency of each
emitter are about 0. 21 kA / cm2 and 0. 96 W / A, respec鄄
tively. The bar was mounted p鄄side up onto a copper
heat sink with indium solder.

2摇 Experimental details and theory model

The temperature data of emitters including output
facet were obtained from a FLIR System SC5700 camera
working in the 2. 5 ~5. 1 滋m range images with a temper鄄
ature resolution of 20 mK. The thermal infrared camera
recorded the images with a frequency of 115 Hz(1 ms in鄄
tegration time, 7. 6 ms dead time) and a spatial resolution
of about 3. 0 滋m per pixel. The laser diode radiation
coming from interband quantum well transitions was rejec鄄
ted using a Ge鄄wafer as a filter in order to avoid additional
heating of the lens and the detector during laser operation.
The Ge鄄wafer with 1 mm thickness can absorb the 808 nm
laser because the band gap of Ge鄄wafer( ~ 0. 744 eV) is
less than that of active region of the LDBs. Quantitative
thermal measurements of electronic systems require a thor鄄
ough calibration procedure. The calibration characteristics
have been carried out in the range from 25 益 to 80 益 in
5 益 step, the temperature of non鄄operating laser diodes
was controlled by water鄄cooling temperature controller.
For each temperature setting a thermal image containing
the output facet of the device was captured with the cam鄄
era. Thus, the temperature differences related to this cali鄄
brated reference were obtained. The device under test was
attached on a fixed鄄temperature(25 益) plate with water鄄
cooling temperature controller. The diagram of the experi鄄
mental setup for measuring the temperature of emitters in
laser diode bars is shown in Fig. 1b.

Fig. 1摇 (a) The schematic diagram of the 808 nm AlGaAs /
GaAs laser diode bar and the structure of the chip. (b) Dia鄄
gram of the experimental setup for measuring the temperature
of emitters in laser diode bars
图 1摇 (a)808 nm AlGaAs / GaAs 基半导体激光器巴条及其
芯片结构示意图,(b)激光器巴条发光单元温度测试步骤
示意图

Based on the three dimensions(3D) FEM, the tem鄄
perature distribution in the device was calculated using
the steady鄄state heat transfer equation:

0 = 驻(k 驻T) + q ,摇 (1)
where k and q are the thermal conductivity of the material
and generated鄄heat density from the heat source, respec鄄
tively.

The boundary conditions consist of two different
types: one is Neumann boundary which is assumed at all
the laser air interfaces to specify the inward heat flux, an鄄
other is the Dirichlet boundary which is used at the indi鄄
um鄄solder / copper heat sink interface. The Dirichlet
boundary assumes that the Cu鄄heat sink is of infinite ther鄄
mal conductivity. The material parameters used in the cal鄄
culations were obtained from Ref. 15. In the calculation
model, the lasing emitter is defined as the heat source,
and the loaded heat power density is equal to the forty
percent of the electrical power density based on 60% con鄄
version efficiency of electrical input into optical output.

3摇 Results and discussion

Thermal crosstalk between emitters reflects how the
operated emitters affect each other with respect to thermal
properties. In other words, there should be no thermal
crosstalk when a single emitter is operated. Figure 2(a)
presents the infrared images of emitter 5 at current densi鄄
ty of 0. 5 and 1. 0 kA / cm2, and as depicted in Fig. 2
(b), the temperature rise of output facet in emitter 5 as
a function of the operating current is measured using the
infrared thermography while other emitters are un鄄opera鄄
ted. The temperature rises of active region have a linear
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relationship with the operating current which reflects the
thermal profile without thermal crosstalk. Subsequently,
we add the number of operated emitters as the sequence:
5寅4寅6寅3寅7寅2寅8寅1寅9. Each added emitter is
loaded with a current of 0. 5 A. The emitter 5 is applied
first a current of 0. 5 A, and the total current applied to
the LDB increases with a step of 0. 5 A, that is, Itotal = n
伊 0. 5 A( n = 1, 2, 3…9). Then, we measured the
steady鄄state temperature rise of emitter 5 at each current
increment as shown in Fig. 3. It is found that the steady鄄
state temperature rise of emitter 5 increases logarithmical鄄
ly with the total operation current which is consistent with
that obtained by diode forward voltage method[13] . The
measured results show that when all emitters are operated
the temperature rise of central emitter 27. 4 益 is higher
than that of edge emitters about 5 益, which is attributed
to that the edge emitters have advantageous heat conduc鄄
tion conditions compared to the central emitter. The
steady鄄state temperature rise of emitter 5 can be ex鄄
pressed by the equation below:

Fig. 2摇 ( a) The infrared images of emitter 5 at current density
0. 5 and 1. 0 kA / cm2 . (b) The temperature rise of output facet in
emitter 5 as a function of the operation current measured using
the infrared thermography when emitter 5 operates individually
图 2摇 (a)在电流密度 0. 5 和 1. 0 kA / cm2 下,发光单元 5 的红
外热图像,(b)发光单元 5 的腔面温度随其工作电流的变化
关系

Fig. 3摇 The measured steady鄄state temperature rise of emitter 5 at
each current increment(0. 5 A) using the infrared thermography.
The solid line presents the numerical fitting result
图 3摇 发光单元 5 的稳态温升随总工作电流的变化关系,总工
作电流每次增加 0. 5 A

驻T = 驻T0 + AlnI ,摇 (2)
where驻T is the steady鄄state temperature rise, and 驻T0 is
the initial temperature rise of emitter 5 for initial current
(0. 5 A). The coefficient A is a constant and proportion鄄
al to the temperature increase rate. The magnitude of co鄄
efficient A reflects the degree of thermal crosstalk be鄄
tween emitters under different total current. Such results
are different from that when only emitter 5 is operated,
which originates from the thermal crosstalk between emit鄄
ters. Consequently, in order to prove the experimental
results, we simulate the steady鄄state temperature rise ac鄄
cording to the measuring process used in experiment a鄄
bove under different current density, based on the FEM.
The structure of sample used in simulations is the same
as that used in experiments. The steady鄄state temperature
rise of emitter 5 is plotted in Fig. 4a as a function of the
logarithm of the total current at different current density,
which also shows a linear relationship with the logarithm
of total current as that obtained from infrared thermogra鄄
phy. In addition, we extract the coefficient A presented
in Fig. 4b. The values of the coefficient A increase with
the current density, and displaying a linear relationship
with the current density which indicate that the thermal
crosstalk between emitters increases with the current
density.

Fig. 4摇 (a) The calculated steady鄄state temperature rise of emit鄄
ter 5 varies with the operating current under different current den鄄
sity. (b) The coefficient A values as a function of current density
图 4摇 (a)模拟计算得到发光单元 5 的稳态温升随电流密度的
变化,(b)系数 A 随电流密度变化关系

We further investigated the thermal crosstalk
based on transient thermal properties of LDBs using in鄄
frared thermography. Figure 5a displays the time reso鄄
lution of temperature rise of emitter 5 at different total
operating current. During the measurement, the se鄄
quence of the operating current is set as that used in
measuring the steady鄄state temperature rise above.
Based on the Refs. 13 and 16, the transient tempera鄄
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ture rise can be well approximated by the following an鄄
alytic expression:

驻T = 移
2

i = 1
Ti 1 - exp - t

子( )[ ]
i

and 子i = Ri 伊 Ci ,(3)

where Ti is the temperature rise of the ith component in
the thermal conduction path ( from chip to heat sink),
each with a time constant 子i . R i and C i is the thermal re鄄
sistance and thermal capacitance. Changes in the time
constant 子i with operation current reflect the thermal
crosstalk characteristics between emitters. Based on the
Eq. (3), the whole data in Fig. 5a are well reproduced
by numerical fitting using the least square method in Ori鄄
gin 8. 0 software. The time constant 子 i is plotted in Fig.
5b with a 依 10% deviation. The temperature rise of the
chip is dominated by the time constant 子1 which changes
from 123. 3 ms to 72. 6 ms with increasing operation
current. With regard to the magnitude of the values this
result is consistent with that obtained by infrared ther鄄
mography in Ref. 16 but is higher than that measured
using the diode forward voltage method in Ref. 13 This
may be attributed to the difference of the measuring
method. Using diode forward voltage method the average
temperature of the chip was measured, while the tem鄄
perature of certain local spot was measured by infrared
thermography.

The variation of time constant 子1 can be extracted
from the thermal equivalent circuit, which is shown in
Fig. 5c. In the p鄄side up structure, the heat generated
from active region will flow to indium solder, then to heat
sink. The total thermal resistance of chip changes with
the number of operated emitters, which is expressed as
follows:

R1 = 1
N Rem ,摇 (4)

where R1 and R em represents the total thermal resistance
of operated emitters and each emitter, respectively, and
N is the number of operated emitters. Based on Eq.
(4), the total thermal resistance R1 decreases as the in鄄
crease of the number of operated emitters, and the time
constant 子1 decreases accordingly under the thermal ca鄄
pacitance C1 remaining constant. The changing trend of
the time constant 子1 of emitter 5 indicates that the ther鄄
mal crosstalk between emitters increases as total operat鄄
ing current increases. Meanwhile, the time constant 子2
which is determined by the properties of the solder / heat
sink interface and package does not change almost as
the operation current increases. The changing trend of
the time constant 子1 and 子2 agrees well with that ob鄄
tained form the diode forward voltage method in
Ref. 13. These results suggest that the thermal crosstalk
mainly occurs within the chip, rather than the solder /
heat sink interface and package, and the thermal
crosstalk between emitters increases with the total oper鄄
ating current. The results suggest that under constant to鄄
tal working currents, low current density and small
emitter width are favorable to decreasing the chip tem鄄
perature in order to improve the LDBs reliability. We
can conclude that the infrared thermography is a useful
method for investigating the thermal crosstalk character鄄
istics in LDBs.

Fig. 5摇 (a) The transient temperature rise of emitter 5 at differ鄄
ent operating current. (b) The changes of time constant 子1 and 子2

with the operating current. (c) The model for explaining the phe鄄
nomena that time constant 子1 decrease with the operating current
图 5摇 (a)发光单元 5 在不同总工作电流下的瞬态温升曲线,
(b)时间常数 子1 和 子2 随总工作电流的变化,( c)解释时间常
数 子1 随工作电流变化关系的模型图

4摇 Conclusions

We performed steady鄄state and transient analysis to i鄄
dentify the thermal crosstalk characteristics in high鄄power
AlGaAs / GaAs LDBs using infrared thermography and finite
element method. The devices used in experiments were de鄄
signed specifically in which each emitter can be operated
individually. The steady鄄state temperature rise of the cen鄄
tral emitter among operated emitters has a linear relation鄄
ship with the logarithm of total operating current and ther鄄
mal crosstalk increases with the current density. The ther鄄
mal crosstalk profile was given based on the time constant
from the transient measurements which suggested that the
thermal crosstalk mainly occurred within the chip rather
than solder / heat sink interface and package. The thermal
crosstalk between emitters increases with the current densi鄄
ty, thus, under constant total working currents, low current
density and small emitter width are desirable for devices de鄄
sign. We explain the phenomena that the time constant of
chip decreases with total operating current. The fundamen鄄
tal understanding of the thermal crosstalk characteristics be鄄
tween emitters of AlGaAs / GaAs LDBs is helpful for further
improving the performance of LDBs.
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