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Motivation 
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Motivation 2/2: FSO communication

[Lavery et al., Sci. Adv. 3(10) e1700552 (2017)]
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Mid-IR QCLs: 3 Decades

Y. Bai et al Appl. Phys. Lett., 95, 221104, 2009

V.V. Dudelev et al. Phys. Usp. v.67, pp. 92–98 (2024).
M. Razeghi et al., Appl. Opt. ,56, H30,2017 

W. Zhou et al., Opt. Exp., 27, 15776, 2019 
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QCL structure λ = 8 μm

Active region: 

In0.53Ga0.47As / Al0.48In0.52As  50x: 2.4/2.4/2.6/2.1/2.6/1.8/2.7/1.6/2.9/1.7/

/3.1//2.5/4.4/1.2/5.2/1.2/5.3/1.0/1.7/4.3

[A.V. Babichev et al. / Tech. Phys. Lett. 43(7) 666 (2017)]

Figure of merit (FOM): 

|M|2up low · τup ·(1 – τlow/ τup-low)

FOM = 14 ps nm2

Structure:
• Two-phonon resonance scattering 

• Lattice-matched heterostructure 

In0.53Ga0.47As/In0.52Al0.48As

Upper level lifetime: τupp = 2.32 ps

Radiating transition time: τup-low = 5.8 ps

Lower level lifetime: τlow = 0.30 ps

Matrix element: |M|2up-low= 6.45 nm2
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QCL efficiency vs cladding doping
Structure а Composition Thickness, nm Doping, cm-3

Contact layer InP 200 1x1018

Upper cladding InP 4000 1х1017

Structure b

Contact layer In0.53Ga0.47As 200 1x1019

Upper cladding InP 2000 Gradient 1х1016 ÷1x1018

Upper cladding InP 2000 1х1016

Structure с

Contact layer In0.53Ga0.47As 200 1x1019

Upper cladding InP 4000 1х1017
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Growth: MOCVD, JSC Polyus (Moscow, Russia)8



QCL efficiency vs cladding doping
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[W. Zhou et al., Opt. Exp., 27, 15776 (2019)]
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Pulsed pumping:

100 ns / 11 kHz

Uncoated facets

60 um / 5 mm

[E.Cherotchenko et al., Nanomaterials 12(22), 3971 (2022)]
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Strain-balanced QCL structure λ = 8 μm

Structure:
• Two-phonon resonance scattering 

• Strained heterostructure

Al0.63In0.37As/Ga0.35In0.65As/In0.53Ga0.47As

• 40 quantum cascades

Al0.63In0.37As/Ga0.35In0.65As/In0.53Ga0.47As 

vs  In0.53Ga0.47As/In0.52Al0.48As/InP

ΔEc = 740 meV => lower escape rate

[A.V.Babichev et al., Bulletin of RAS Physics 87, 839 (2023)]

[V.V.Dudelev et al, Physics: Uspekhi 67(1), 92 (2024)]

Growth: 

MBE: Riber 49 Connector Optics Ltd (St Petersburg, Russia)

MOCVD: JSC Polyus (Moscow, Russia)
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Strain-balanced vs lattice-matched

Ridge width - 50 μm; 

Cavity length: 5 mm; 

Uncoated facets

Pulsed pumping:  ~ 100 ns, 11 kHz
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𝐋𝐚𝐭𝐭𝐢𝐜𝐞 −𝐦𝐚𝐭𝐜𝐡𝐞𝐝 S𝐭𝐫𝐚𝐢𝐧 − 𝐛𝐚𝐥𝐚𝐧𝐜𝐞𝐝𝐞𝐝

High Output  Power > 21 W for QCL  w𝐢𝐭𝐡 𝐬𝐭𝐫𝐚𝐢𝐧𝐞𝐝 𝐝𝐞𝐬𝐢𝐠𝐧



QCL waveguide losses

Ridge width - 50 μm; Cavity length: 1.5-5 mm, Uncoated facets

Pulsed pumping:  ~ 100 ns, 11 kHz
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Strained vs lattice-matched
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Measurement of QCL heating dynamics

𝑇′ =
𝜕𝑛

𝜕𝑡

𝜕𝑛

𝜕𝑇

−1

=
𝑛

𝜆𝑗

𝜕𝜆𝑗

𝜕𝑡

𝜕𝑛

𝜕𝑇

−1

1 GHz b/w

14 4
0

6
0

8
0

1
0
0

1
2
0

8030

8032

8034

8036

8038

8040

8042

Time, ns

W
a
v
e
le

n
g
th

, 
n

m

-1

2

4

7

10

12

Power, a.u.

𝑑Λ

𝑑𝑇
=

−λ2

2𝑛2𝐿0

𝑑𝑛

𝑑𝑇

Λ=
λ2

2𝑛𝐿0

7,95 8,00 8,05 8,10
0,0

0,2

0,4

0,6

0,8

1,0

1,2

In
te

n
s
it
y
, 
a

.u
.

Wavelength, mm

𝑑𝑛

𝑑𝑇
~ 2∙10-4



Strained vs lattice-matched

15

𝜕λ

𝜕𝑡
= 0.41 Å/ns

2
0

4
0

6
0

8
0

1
0
0

1
2
0

8124

8126

8128

8130

8132

8134

8136

Time, ns

W
a
v
e
le

n
g
th

, 
n
m

-0,017

0,076

0,17

0,26

0,35
Intensity, a.u.

2
0

4
0

6
0

8
0

1
0
0

1
2
0

7776

7778

7780

7782

7784

7786

7788

Time, ns

W
a
v
e
le

n
g
th

, 
n
m

-0,012

0,032

0,076

0,12

0,16
Intensity, a.u.𝐼 = 15 𝐴

𝜕λ

𝜕𝑡
= 0.31 Å/ns

Lattice-matched design Strain-balanced design

2
0

4
0

6
0

8
0

1
0
0

1
2
0

7776

7778

7780

7782

7784

7786

7788

Time, ns

W
a
v
e
le

n
g
th

, 
n
m

-0,020

0,019

0,058

0,096

0,14
Intensity, a.u.

2
0

4
0

6
0

8
0

1
0
0

1
2
0

8124

8126

8128

8130

8132

8134

8136

Time, ns

W
a
v
e
le

n
g
th

, 
n
m

-0,020

0,066

0,15

0,24

0,32
Intensity, a.u.

𝐼 = 10 𝐴

𝜕λ

𝜕𝑡
= 0. 2 Å/ns

𝜕λ

𝜕𝑡
= 0.24 Å/ns



Active region overheating: CW vs pulsed 

Stabilization 
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Conclusion & Outlook
✓ Record-high peak power  >21 W (>10 W / facet)  @ 8 μm

✓ QCL efficiency depends on cladding composition and doping

✓ Estimated waveguide losses are  ~ 2  cm-1 for lattice- matched 

and strain QCL design

✓ Active region overheating may reach 100 K

❑ Optimization of waveguide claddings to reduce optical losses

❑ Optimization of chip design to improve heat spreading

❑ Optimization of injector doping to reduce transparency current 

… and all other measures to improve efficiency
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Questions?
vlad@kuch.ioffe.ru
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