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Motivation
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Motivation 2/2: FSO communication

Adapatve free-space
last-mide network

Fiore connection 1o N
negoounng city e

Alpes Lasers SA (Switzerland)
Mirsense (France)
Pranalytica Inc. (USA)

[Lavery et al., Sci. Adv. 3(10) e1700552 (2017)] Adtech Optics (USA)
L, L, |ransmitter Block Engineering Inc. (USA)
.‘ Wavelength Electronics Inc. (USA)
Akela Laser Corporation (USA)
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Mid-IR QCLs: 3 Decades
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QCL structure A = 8 pm
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Active region:

Structure:

«  Two-phonon resonance scattering

« Lattice-matched heterostructure
1Ny 53Gay 47A8/INg 55Alp 46AS

Upper level lifetime: 7,,, = 2.32 ps
Radiating transition time: t, ,,, = 5.8 ps
Lower level lifetime: t,,, = 0.30 ps
Matrix element: [M|? = 6.45 nm?

up-low™

Figure of merit (FOM):

|M|2up low ~ Tup (1 =1/ Tup-low)
FOM = 14 ps nm?

INy53Ga, 47AS [ Al 4gINg 5,AS 50X: 2.4/2.4/2.6/2.1/2.6/1.8/2.7/1.6/2.9/1.7/

13.1//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)]
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QCL efficiency vs cladding doping

Structure a

Composition  Thickness, nm

Contact layer InP 200
Upper cladding InP 4000
Structure b
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= Growth: MOCVD JSC Polyus (Moscow Ru55|a)



QCL efficiency vs cladding doping
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Strain-balanced QCL structure A =8 um
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15— Structure:

1TV * Two-phonon resonance scattering
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Growth:

MBE: Riber 49 Connector Optics Ltd (St Petersburg, Russia)
MOCVD: JSC Polyus (Moscow, Russia)

[A.V.Babichev et al., Bulletin of RAS Physics 87, 839 (2023)]
10  [V.V.Dudelev et al, Physics: Uspekhi 67(1), 92 (2024)]



Strain-balanced vs lattice-matched

Ridge width - 50 um;

Cavity length: 5 mm;
Uncoated facets
Pulsed pumping: ~ 100 ns, 11 kHz
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11 High Output Power > 21 W for QCL with strained design



QCL waveguide losses

Lattice — matched Strain — balanced
0.16- 0,10
0,14-. 0,08 -
- - <
= ] &
= 0’12. %' 006-
0.10- ., ~2.1 +0.7 cm? -
z /‘9‘” .................. oot] 7 a,~1.9£06cm?
S 01 02 03 04 05 0,040, 1 Supitemat.c= 0.4 0.5
L, cm L, cm
1 2 L . 0
—=—[1+ Ll g=—. V;
Na 17 lnﬁ nn; lnﬁ

Ridge width - 50 um; Cavity length: 1.5-5 mm, Uncoated facets
12 Pulsed pumping: ~ 100 ns, 11 kHz



Strained vs lattice-matched

Threshold current Differential efficiency
thermal stability thermal stability
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Measurement of QCL heating dynamics

Lens Monochromator Oscilloscope
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Strained vs lattice-matched

Lattice-matched design Strain-balanced design
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Active region overheating: CW Vs pulsed

Temperature. K
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Conclusion & Outlook
v Record-high peak power >21 W (>10 W / facet) @ 8 um

v QCL efficiency depends on cladding composition and doping

v Estimated waveguide losses are ~2 cm- for lattice- matched
and strain QCL design

v Active region overheating may reach 100 K

 Optimization of waveguide claddings to reduce optical losses
d 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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Thank you!
Questions?

vliad@Kkuch.ioffe.ru
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