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High Power Semiconductor Laser Diode for Fiber Laser 
Pumping

Yuji Yamagata,1 Ryozaburo Nogawa,1 Yoshikazu Kaifuchi,1 Syunta Sato,2 
and Yumi Yamada2

We report performance improvement of single emitter laser diodes based on Asymmetric 
Decoupled Confinement Heterostructure (ADCH). Laser design optimization in vertical layer 
and lateral current injection structure enabled high power operation of 915 nm laser diodes up 
to 17 W and high power conversion efficiency more than 60 %. Mean time to failure of random 
mode is estimated to be over 600,000 hours for 17 W operation at room temperature. These 
results prove high reliability of ADCH at high power.

1. Introduction
High power semiconductor laser diodes (LDs) with 

9xx nm wavelength band have been widely used in in-
dustrial applications. Especially demand for pump 
sources in fiber laser systems is increasing rapidly, 
because fiber laser systems is replacing conventional 
arc welding systems and Yttrium Aluminum Garnet 
(YAG) laser systems in material processing 1) 2). Our 
LD structure is based on Asymmetric Decoupled Con-
finement Heterostructure (ADCH) 3) 4). ADCH can re-
alize low internal loss and ultra-low optical confine-
ment, which are essential features required for high 
power, high efficiency and high reliability operation 
without Catastrophic Optical Damage (COD). In this 
paper, high power and high reliability characteristics 
are demonstrated for single emitter LDs with 915 nm 
wavelength. Future possibility of improvement in high 
power operation is also discussed.

2. LD structure and design
Figure 1 and 2 show the cross-sectional structure 

and the schematic lateral current blocking structure of 
LDs. Vertical structure of the LDs consisting of In-
GaAs/AlGaAs material system is grown by Metal-Or-
ganic-Chemical-Vapor-Deposition (MOCVD). Self-
Aligned Stripe (SAS) structure is used so as to form 
lateral current blocking structure as well as non-cur-
rent injection window of laser mirror facets. Front and 
rear facets are anti-reflection and high-reflection coat-
ed and applied facet stringent process with our own 
technology.

Refractive index and optical mode profiles of wave-
guide in 9xx nm-LDs are shown in Fig. 3. ADCH de-
sign can optimize optical confinement to the active 
layer (Gwell) and the ratio of optical confinement to p-
doped and n-doped layer (Gp/Gn), independently. The 

Gwell is a key parameter determining threshold current 
and highly related to COD level. the Gp/Gn is a another 
parameter related to internal loss thereby it should be 
small value. Such a flexible waveguide design realizes 
highly reliable operation at high power and high effi-
ciency.
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Fig. 1. Cross section of laser diode.
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Fig. 2. Current injection structure of laser diode.



Fujikura Technical Review, 2016 47

3. Performances of Laser Diode
Lasing characteristics and reliability were evaluated 

for LDs with 4 mm-long cavity and 915 nm wavelegth 
operation. Two different LDs with current injection 
stripe widths (Ws) of 100 µm and 150 µm are fabricat-
ed for comparison. They are bonded on high thermal 
conductive ceramic base submount for measurement.

Figure 4 shows measured results of light output ver-
sus drive current (L-I) characteristics under CW and 
pulsed conditions. The maximum output power of 
Ws=150 µm LDs reaches 28 W and 47 W for CW and 
pulsed conditions, respectively. COD free operation 
up to such high power levels reveals an advantage of 
ADCH design in reliability. The maximum output pow-
er of Ws=100 µm LDs is slightly lower due to thermal 
rollover. Figure 5 shows power conversion efficiency 
(PCE) of LDs with different Ws of 100 and 150 µm. 
WPE for both samples exceed 65 % in peak value and 
wider stripe sample keeps over 60 % high efficiency up 
to high output power of 18 W.

Beam properties of LDs are essential parameter 
which dominates coupling efficiency to the output fi-
ber in modules. Figure 6 compares beam parameter 
product (BPP) of lateral beam properties for Ws =100 
µm and 150 µm-LDs, as a function of output power. 
Degradation of BPP from 100 µm to 150 µm stripe 
width LDs is smaller than the expectation, because of 
better heat dissipation by the ceramic base submount. 
Wider stripe configuration is considered to be one of 
options to realize high power laser modules.
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Fig. 4. CW and pulse L-I characteristics for 4 mm cavity LDs 
with 100 µm and 150 µm stripe width.
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Fig. 3. Schematic index guide structure, optical mode profile 
and band diagram of LD.

1842 86 1210 16140
0

10

8

6

4

2

18

16

14

12

0

40

30

20

10

90

80

70

60

50

Operating current (A)

Li
g

ht
 o

ut
p

ut
 (

W
)

P
ow

er
 c

on
ve

rs
io

n 
ef

fic
ie

nc
y 

(%
)

915 nm, L=4 mm

150 um
100 um

Fig. 5. L-I and WPE-I characteristics for 4 mm cavity LDs with 
100 µm and 150 µm stripe width..

Panel 1. Abbreviations, Acronyms, and Terms.

LD–Laser Diode 
ADCH–Asymmetric Decoupled Confinement Het-

erostructure
COD–Catastrophic Optical Damage
GaAs–Gallium Arsenide
InGaAs–Indium Gallium Arsenide

AlGaAs–Aluminum Gallium Arsenide
SAS–Self-Aligned Stripe
CW–Continuous Wave
PCE–Power Conversion Efficiency
BPP–Beam Parameter Product
MTTF–Mean Time To Failure
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4. Reliability
To assess long term reliability, aging tests are con-

ducted under multiple accelerated conditions and ac-
cumulated device hours. The test results for 915 nm 
LD with Ws=150 µm are summarized in table 1, includ-
ing test condition, sample size, device hours, and num-
ber of failures. One of aging data, corresponding to 
test cell #3 in table 1, is shown in Fig.7. Long-term 
stable operation over 13,000 hours without any gradu-
al degradation has been demonstrated under 17 W 
output power and junction temperature (Tj) of 100 
deg.C.

The Mean Time to Failure (MTTF) of random fail-
ure mode was estimated using the acceleration  
model 2), where we used power-law scaling for light 

output and Arrhenius’s model for junction tempera-
ture Tj. Results are summarized in Table 2 together 
with results for 100 µm-LDs. MTTF for 915 nm LD 
with Ws=150 µm was estimated to be more than 
600,000 hours under 17 W output power condition. 
This value corresponds to sufficient reliability for ser-
vice life longer than 7 years.

5.  Further Improvement in high power  
operation
In this section, future possibility of higher output 

power operation is discussed. The major factor limit-
ing high power operation is junction temperature (Tj). 
When Tj exceeds 100 deg.C, power saturation and de-
vice degradation could occur. Decreasing electric re-
sistance and Sub-mount thermal resistance are effec-
tive approaches to improve power saturation. For the 
former approach, LD design is already optimized to 
minimize electric resistance, for example, widening 
stripe width is the case. Therefore, as for the second 
approach, influence of sub-mount thermal resistance 
(Rth) on output characteristics are evaluated theoreti-
cally in order to see possibility of output power im-
provement.

Figure 8 shows calculated curves of output power 
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Fig. 6. Comparison of beam parameter product between 
100 µm and 150 µm stripe width in 4 mm cavity LDs.
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Fig. 7. Accelerated aging test for 4 mm cavity LD with 150 µm 
stripe width. 

(Po=17 W, Tj=100 deg.C, SS=20 pcs)

Test 
Cell

Po

(W)
Tj

(deg.C)
Time
(hrs)

Sample 
Size

Device hours
(hrs)

Failers

#1 15 100 13,835 20 271,912 1

#2 15 100 13,152 20 263,040 0

#3 17 100 13,153 20 263,060 0

#4 17 105 10,732 17 182,444 0

Total 77 980,456 1

Table 1. Result of multi-cell aging test for 4 mm cavity LD 
with 150 µm stripe width.

LD Type
Po

(W)
Tj

(deg.C)
MTTF@CL60 %

(hrs)

4 mm-100 µm

11 65 2,250,000

12 70 1,190,000

13 80 560,000

4 mm-150 µm

13 70 3,981,771

15 75 1,573,176

17 80 686,848

Table 2. Calculated results of MTTF for random failure mode 
for submount temperature of 25 deg.C.
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Fig. 8. Calculated dependence of thermal resistance on L-I and 
PCE-I properties.
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and PCE versus drive current for 915 nm-LDs (Lcav=4.0 
mm, Ws=150 µm) at different Rth. Rth of current stan-
dard sub-mount is 3.2 K/W. Simulated curves for 
smaller Rth of 2.4 and 1.6 K/W shows improvements in 
both L-I, WPE-I characteristics. Especially at power 
levels exceeding 15 W, such an improvement is re-
markable. In order to realize high efficiency and high 
power operation over 20 W, new sub-mount with much 
lower Rth of less than 2.4 K/W is strongly desired.

6. Conclusion
High power characteristics of 915 nm single emitter 

broad stripe LDs are presented. Optimizations of verti-
cal layer structure design as well as lateral injection 
stripe width are key to realize high power and high 
reliability operation. 17 W long term reliable operation 
is realized by ADCH structure with Lcav=4.0 mm, 
Ws=150 µm. Possibility of further L-I improvement by 
lowering thermal resistance of sub-mount is discussed.
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