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GaAs/AlGaAs Quantum Cascade Lase
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Fig. 1 Energy band structure of active layer and the
wave functions confined by it.

FAFEH O A= ¢
(injector) ¥} HF-Hl=
/V\

(active layer)o] 1%

W02 AApE e YU
o] % i uko] o= EF
Tt o] FUTH & 4%35
o]Fo] 1 o] 25—75% ‘}%54 TER o]FolA ¢
[9-12]. & A7"lA] 7= Page 5ol ©Jate] HFlE] ol
JTEE FYSFoR 34, 1.7, 3.0, 1.8, 2.8, 2.0, 3.0,
2.6, 3.0, 4.6 nm, &X=0= 1.9, 1.1, 5.4, 1.1, 4.8, 2.8
nm TO& o]Fo] Atk of7|oflA EEA= AlpsGaossAs
JHZolal A= GaAs A= olth BE W 2
£ GaAs $-E59] 4% n=8x10"/em’ 0.2, Alg.15Gaos5As
o] 79 n=4x10""/em’ 2.2 =3 A& 2w},
2~3x10"/em’ 0.2 Z33¥ n—GaAs 713 $10llA o]
A EE GaAse] 74-9- 0.104 nm/s, AlGaAs
0.085 nm/s v} T FUT o= o] FoX
40 BHE A 9ot Fig. 18 A= AREEY
35l gk oA ez 9 1o wha At
g UEhd Aot
o a7 BEeA] glo]A thol e =E nhee
d& 71A FAREEY oA R A=A &
< mesa 27}, A9t Z2 9 opening, p—metal o2
thinning, n—metal =2 <02 X3S} Meas 2122
GaAs®} AlGaAsol| tigh Aefz 27} E7do] % ‘/}E]rurx]
22 citric acid'H:0,=10:12 =31 85
™, 1) o] dojuh= Fo 7k 2123 A
mesa QCL: SM QCL) %}, ii) ¥3go] doju= <
738 749~ (deep mesa QCL: DM QCL)ZE o]FoJ#
Ridgeo] Z2& 30 wnm= 1ASIECE AAE plasma

oy
=
X
LA
O
=

o]

ON

o _li

zloro of
H

9

o¥ 1o i ox
o o
Ho

o
2
j&

lo
<

[}

oo,

o

10 o
of
Y
)
ox,
oft

F

A}

ox

524

enhanced chemical vapor deposition® Z2Fd SiO, =#hat
(77 oF 300 nm)E ]85l AFE k] A% =
%07 p—metal> Ti/Pt/Au (30 nm/30 nm/300 nm)E,
n—metal& AuGe/Ni/Au (30 nm/ 30 nm/300 nm)Z ©]&
sk3Ack

Xﬂﬂﬂ FAEEE 1A & cryostatell FHste] 39
255 78 K7} A A8 # pulse REZ o AFE
‘ﬂﬂé A AGA7] ), g B 7= Hlﬂxﬂfﬂ
FE AL B e v 77 K= 34 MCT H27)
2 AFaA] ARl mE B35S AR 54

o AFg o] Lol

.ﬂ

E5 1.5 mm ©J3}

Fig. 2¢] (a)¢} (b)+= ZZF SM QCL¥} DM QCLol| th3k
THEAS YeRA Flolth o7|A F29] 3 H2 SM QCL

= Below Threshold
2
@ 78K, 14.4 A, 50 ns I e
O | Jy~32kAICm? :
c A~Bpum I Active
- Injector + region
Above Threshold L
P . .
2000 1500 1000 500
Wave number (cm™!)
(a) Shallow mesa QCL
78K, 5A, 80 ns f \
[
j \
- \
5 RJ \
] Below Thresho R
‘E B oy Ak bl "‘gf w '""‘\—_memh
2
g 78K, 6A, 80 ns
[} Jin ~ 13.2 kAfem? -
E A~8.6 um Injector + :Ct::ﬁ
. Above Thlreshold . |
1
2000 1500 1000 500

Wave number (cm™')
(b) Deep mesa QCL

Fig. 2. Electroluminescence characteristics of GaAs/
AlGaAs quantum cascade lasers
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Fig. 3. Cross—sectional SEM images of (a) shallow
mesa QCL and (b) deep mesa QCL
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Threshold Current Reduction of GaAs/AlGaAs Quantum Cascade Laser due
to the Deep Mesa Structure
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GaAs/AlGaAs based quantum cascade lasers were fabricated with two different types of
i) the shallow mesa type which was etched up to above active region and ii) the deep mesa
type which was etched through active region. While the threshold current density of shallow
mesa type was 26-32 kA/cm®, the one of deep mesa type was reduced drastically up to
13 kA/cm?. Such lowered threshold current density at deep mesa type attributed to the
reduction of current loss to the lateral directions.
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