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Abstract: We measured directly the optical gain, refractive index change, and the
linewidth enhancement factor of a type-Il quantum-cascade laser. We obtained very low

linewidth enhancement factor of 0.8 near threshold.
OCIS codes: (140.3070) Infrared and far-infrared lasers

Mid-Infrared (IR} semiconductor laser covering the wavelength range of 3-4 um attracts many applications
for both military and civilian purpose such as IR countermeasures, chemical sensing, and free space
comnunication [1]. Currently, type-II quantum-cascade (QC) laser has been demonstrated to operate up to
325 X in puise mode and 200 K in continuous wave mode [2]. The linewidth enhancement factor (a,) plays
an imporiant role in determining the spectral linewidth of semiconductor lasers. To date, ¢ is only
determined for a W-shape type-1I superlattice structure using differential transmission and Kramers-Kronig
transformation method [3]. In this paper we report a direct measurement of the o, factor of a type-II QC
laser by measuring the gain and refractive index change from the amplificd spontaneous emission spectrum
(ASE) of a type-II QC laser.

The structure of the laser is similar to the one described in Ref. 2. During the experiment, the QC
laser sample with a cavity length of 1 mm is operated in a liquid nitrogen cryostat (78K) in continuous
wave mode. The radiation from the laser is collimated by an AMTIR-1 lens and directed into the emission
port of a BOMEM DA 8 Fourler transform infrared spectrometer. Finally, the beam is focused to a liquid-
nitrogen-caoled [nSb photodetector. The ASE spectra of the laser are taken with the current varied from
8.6 t0 9.6 mA in 0.2 mA step interval, some of which are shown in Fig. 1(a). The net modal gain spectra
are then extracted from the ASE data based on the Hakki-Paoli method [4] and the murvor loss as shown in
Fig. 1(b). The mirror loss (o) of the type-II QC laser is estimated using the group index (~3.273) to be
12.62 e which is closed to the a,, of 11.22 cm™ scaled by the cavity length from Ref. 5 (o= 22 e for
a cavity length of 0.51 mm).
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Fig. 1. (@} The amplified spontancous emission spectrum of a type-11 QC laser for different injection currents. (b) The optical gain
spectrum extracted from the Hakki-Paoli method.
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The differential gain for the 0.2 mA current interval is plotted in Fig 2(a). The differential index
with respect to the change in current is obtained from the peak wavelength shift with respect to the increase
of the injected current and is found to bé approximately -3x 10 as shown in Fig. 2(b). The differential
gain and refractive index are then used to extract the linewidth enhancement factor, In Fig. 2(c) the
linewidth enhancement factor for a 0.2 mA current interval is plotted as a fumction of wavelength, where a
low value of 0.8 is achieved at the lasing wavelength 0£3.13 pm,

3 —— ; — 1107 , ——— s —_—
@ o 8.886mal] L) o 88-8.6mA |]
F a 9.0-88mA |1 o 9.0-88 mA L
C ° 9290 mA L ¢ 9290 mA {
) x 9.4-92mA |1 51078 X 9.4-92 mA
-."‘é 2f + 9.69.4 mA | 5 . + 9,6.94 mA |4
E Ty ] g ]
‘E ; =] e ° % » b { g ]
= t x * o ) - 0x10° .
2 x U T " SR g [ = % s s ]
g [ & f =) ] = [ B 2 Py 2 % 2 1
£ 1t ° g i L. P ]
§ ] = " o =
E ] St a -
ﬁ o ° o ° ° o ] F o :
[ ] i
—_— Y g — T
3,125 3.130 3.135 3,125 3.130 3.135
Wavelength (4m) ‘Wavelength (um)
3 —_ T T T
(v) 1
aﬂ t o -
§ 2f ]
0 ]
& I . .
- | L jal <
E 1k o a o o x j
E W
§ I ° x
; : ]
E of L
£ ]
= o 8.386mA
£ b © o08smA ]
g -l e 9290mA ;
- X 9.4-92 mA Lasing wavelength q
~—+9.6-9.4 mA j
2 N . L ¥ T P
3.125 3.130 3.135
Wavelength (um)

Fig. 2. (a) The differential gain spectra of the 0.2 mA current interval at different current level. (b) The differential index change
with a current interval of 0.2 mA extracted from the wavelength shift and the Fabry-Perot spacing. (¢} The linwidih enhancement

factor {€%) is calculated from the measured differential index change and the differential gain with a current interval of 0.2 mA at
various currents. From the plot, the value of alpha is approximately 0.8 at the lasing wavelength of 3.13 near threshold.

We will also compare the results of type-II QC lasers with those of a type-I QC laser [6] which
shows a red wavelength shift resulting in positive refractive index change, therefore, a negative linewidth
enhancement factor as opposed to positive linewidth enhancement factor observed in type-II QC laser.
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