
IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Thermal resistance of 980 nm high-power laser diodes assembled at C-
mounts and F-mounts
To cite this article: V V Bezotosnyi et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 475 012014

 

View the article online for updates and enhancements.

This content was downloaded from IP address 106.75.244.189 on 18/09/2019 at 23:19

https://doi.org/10.1088/1757-899X/475/1/012014
https://oasc-eu1.247realmedia.com/5c/iopscience.iop.org/78693037/Middle/IOPP/IOPs-Mid-MSE-pdf/IOPs-Mid-MSE-pdf.jpg/1?


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

Mokerov 2016 & 2017

IOP Conf. Series: Materials Science and Engineering 475 (2019) 012014

IOP Publishing

doi:10.1088/1757-899X/475/1/012014

1

Thermal resistance of 980 nm high-power laser diodes 

assembled at C-mounts and F-mounts 

V V Bezotosnyi
2
, O N Krokhin

1,2
, V A Oleshchenko

2
, V F Pevtsov

2
, 

Yu M Popov
1,2

 and E A Cheshev
1,2 

1
National Research Nuclear University MEPhI, Kashirskoe shosse 31, 115409, 

Moscow, Russia 
2 
Lebedev Physical Institute of the Russian Academy of Sciences,    

Leninsky Prospect 53, 119991, Moscow, Russia 

Corresponding author’s e-mail address: victorbe@sci.lebedev.ru  

Abstract. We present the experimental results regarding the thermal resistance measurements 

for 100 μm stripe laser diodes emitting in 980 nm spectral range. The dependence of laser  

thermal resistance on pumping current was measured for series of identical laser chips with 

resonator length 4 mm and stripe width 95 mkm assembled directly at copper C-mounts and F- 

mounts without thermo-compensating  submounts  inside the output power range 10 W and 15 

W  accordingly. The appropriate method of spectral envelope peak definition was used for 

output power range 5-15 W in which we observed spectral peculiarities associated with 

appearance and competition of several peaks at the spectral envelope. We have proposed an 

explanation of the obtained dependency based on their correlation with the dependence of the 

total efficiency of the laser on the pump current. 

1.  Introduction 

Higher total efficiency, higher output power and brightness of high-power laser diodes are the aims on 

the way to expand the fields of their applications first of all in materials processing as well as 

navigation and communications [1-3]. Reliable output power around 15 W and even 20 W from 100 

m wide stripe now not seems a dream. We observed quite stable operation of several  980 nm 100 

μm stripe 4 mm resonator length chips assembled in our laboratory directly at copper F-mounts during 

several hours at 20 W CW and got for such selected samples  reliable CW operation at 15 W output 

power  without decrease during 100 hours tests [3]. At the base of thermal transfer calculations [4,5]  

and practical experience of assembling several hundreds of such high-power laser chips at different 

type heatsinks and submounts we realized clearly  that one of the key tasks is to insure efficient heat 

transfer via the first interface, between the laser chip and the heatsink. So, in order to make the next 

step towards the increase of output power we need to increase the efficiency of heat transfer at the first 

step from laser active region to a heatsink because thermal energy is concentrated in quite thin 

quantum well and quite narrow stripe. At  the way to the heatsink  the heat flow must propagate in 

solder layer having a thickness around 3-4 m and through  two interfaces  of solder with laser chip 

and with the heatsink, The uniformity and high quality of bulk solder layer and these 2 interfaces are 

the key technological tasks. After passing the solder layer, thermal flow density becomes much lower. 

At 20 W output optical power  extremely high heat density around 6-7 GW/ cm
 3 

 is generated inside 

the active region  under heat flux  more than 6 kW/ см
2
 .This CW heat flow must be efficiently 
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removed into a heatsink. At the moment several ways for forced cooling in such extremely hard 

conditions are implemented – thermoelectrical cooling, microchannel liquid cooling and heat tube or 

heat camera cooling. The different particular types of forced cooling can be optimal for different 

cooling schemes, power ranges and heatsinks geometry. 

2.  Thermal resistance of the laser diode 

One of the basic parameters widely used for evaluation the cooling efficiency is thermal resistance. 

For not-emitting electronic components, it is the ratio of its temperature rise to power supply input 

rise. For light-emitting devices, especially such as laser diode-with high efficiency, more than 50 % of 

electrical supply power is converted to optical emission and acts as radiation cooling mechanism of 

the laser chip. Thermal resistance Rtherm  of laser diode is defined by expression ( 1). 

 thermtherm PTR  /  (1) 

where  T  -the  laser chip active layer temperature rise, P – the increase of electrical power supplied 

by a laser driver,  Ptherm =  I U – Popt, I – pumping current, U- voltage, Popt – emitted optical power. 

In our recent work [6 ] thermal resistance dependence  on pumping current was measured for high-

power range up to 15 W CW  for 980 nm laser chips assembled at F –mount heatsinks. 

3.  Experimental results 

We repeat here the main result at Fig.1 for reader convenience. First of all,  Rtherm is obvious not-linear 

and quite complex function of pumping current due to non-linear dependence of peak wavelength 

against pumping current. Curve A at Fig.1 is added for comparison with the basic case of linear 

spectral peak wavelength dependence. Unfortunately, in [6] we had possibility to measure only small 

lot of 3 samples assembled on F-mount heatsinks. 
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Figure 1. The thermal resistance of 980 nm laser assembled at F-mount heatsinks. 

A–“ideal curve” for linear peak wavelength dependence, B- experimental results. 

So, to ensure the reliability of the results obtained for F-mounts, here we present similar results for 

a uniform lot of 10 samples of identical type chips from one gel-pack assembled at C-mounts. The 

corresponding results on peak wavelength dependence for typical 3 samples from that lot of 10 lasers 

assembled at C-mounts are presented at Fig. 2. We can say that at pumping currents 1-4 A the peak 
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wavelength increase  in a linear manner with a slope less comparable with current range 5 -10 A. 

These results are in principle similar regarding the laser samples assembled at F-mounts. 
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Figure 2. The peak wavelength of 980 nm 3 laser samples assembled at C-mount heatsinks. 

The main difference between C-mount and F-mount samples is obvious. For F-mounts in the 

current range up to 10 A, that we observed 3 main different slopes of  peak wavelength dependence on 

pumping current and for C-mounts in the same current range up to 10A  only 2 pronounced slopes. 

But in both cases the nominal current at which we observed the change of initial slope of peak  

wavelength dependence was the same, around 4-5 A. The pumping current  Imax at which we observe 

the maximum of total efficiency  η
 
 tot according to our simple analysis was the same - (2), (3) and (4).  

 sthth RUIJ /  (2) 

 I max JI th   (3) 

 
)(max

max
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JE

sth

gd
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  (4) 

In our opinion, the similar  results obtained for 3 tested  lasers at F-mounts and  10 lasers at  C-

mounts  present  the evidence that not monotonous dependence of thermal resistance on pumping 

current is a regular and quite important feature of  laser diodes. We must keep it in mind in the 

analysis of several important laser diode characteristics associated with the influence of heat generated 

inside the active layer. At high currents exceeding  6-10 Ith thermal resistance continue to decrease 

with higher pumping due to the decrease of series resistance Rs. This feature is the same for total 

efficiency, at very high pumping currents it continues to decrease with lower slope also due to a 

decrease of Rs. 



Mokerov 2016 & 2017

IOP Conf. Series: Materials Science and Engineering 475 (2019) 012014

IOP Publishing

doi:10.1088/1757-899X/475/1/012014

4

0 2 4 6 8 10

1

2

3

4

5

6

7

T
h
e

rm
a

l 
re

s
is

ta
n
c
e

, 
K

/W

Current, A

 A

 B

 

Figure 3.  The typical thermal resistance of lasers assembled at C-mount heatsinks. 

A–“ideal curve” for linear peak wavelength dependence, B- experimental results. 

The main features of thermal resistance measured for C- mounts  is clear in Fig,3. The curve 

exhibit the decrease in current range from I th  to  I max , increase at higher currents and finally coincide 

with “ideal” curve for linear peak wavelength dependence at value 3.9 K/ W. 

4.  Conclusions  

We carefully examined spectral characteristics of  laser diodes in power range up to 10 W CW for C-

mount samples and up to 15 W CW for F-mount samples. Spectral peculiarities were observed at 

output power more than 5-6 W CW for both types of samples. We also measured non- monotonous 

dependence of emission wavelength on pumping current for both types of samples. We overcome the 

problem of correct spectral maximum definition by the simple method proposed in [6]. Our 

experimental data indicate that for identical laser chips are emitting in the spectral range 980 nm and 

assembled at F-mount as well as at C-mount heatsinks, thermal resistance is also a non-monotonous 

and  quite complex function of pumping current. If we assume the “ideal” linear dependence of 

emitting wavelength maximum on pumping current, thermal resistance decreases monotonously 

according to back-proportional law. Real experimental data for both types of samples indicates that 

thermal resistance correlates with the dependence of total efficiency on pumping current.  In the 

current range from threshold I th to a current corresponding to the maximum of total efficiency I max, 

thermal resistance decreases in accordance with the increase of total efficiency because more part of 

pumping power is emitted from laser chip outside. At higher pumping currents we observed thermal 

resistance increase due to saturation and subsequent decrease of total efficiency at pumping above the 

current I max.  

It means that we can adequately use the definition “thermal resistance” to evaluate the quality of 

laser chip assembling and effectiveness of different cooling schemes only if we compare its value at 

the same pumping current. Formally for  pumping currents  4-5 A close to I max,  we obtained the 

values of  R therm   around  1.75  K/ W  for F-mount and 1.25 K/ W for C-mount samples. These values 

are similar and even better than the best-published results for the same samples assembled at 

composite diamond –copper sub mounts with high thermal conductivity and efficient microchannel 

cooling [2]. At the same time, we suppose to compare the values at pumping current 10 A more 
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adequate and realistic, where the appropriate values are 2.75  K/ W for F-mounts and 3.9 K/ W for C-

mounts. These values are slightly more than 1.5-2  K/ W  achieved in [2]  but better than 4.25 K/ W 

obtained in [7]. We believe that managed to get such not bad results using the technology of direct 

bonding of laser chips to copper heatsinks due first of all to the improvement of interface quality and 

appropriate improvement of the heat transfer efficiency at interfaces between the laser chip and the 

heatsink. 
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