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The dependence of the absorption spectral linewidth of quantum well intersubband transitions on the
electron population in the well is experimentally demonstrated. We show that the dependence of the
spectral linewidth on the population is substantial and accounts for some of the broadening
previously attributed to donor scattering. 97 American Institute of Physics.
[S0003-695(197)04530-0

In the single band model, also known as the paraboli®.5-nm-thick Si-doped GaAs wells with nominal doping den-
effective mass model, intersubband transitions in quantursity of 1.1x 102 cm™2 and 44-nm-thick AJ ;§Ga, g,As bar-
wells (QWS) are discrete. In practice, electron-electron inter-riers. The absorption spectrum of the grown structure, shown
action, QW width nonuniformity, electron interactions with in Fig. 1, was performed using Fourier transform spectrom-
rough interfaces and with impurities and their enhancemengter with 1000 K blackbody radiation source. The sample
by electric fields, and the optical and acoustic phonons corwas prepared in multiple pass geometry using 45° polished
tribute to the experimentally observed linewidth of intersub-edge mirrors. The absorption spectrum of ACDQWs was
band transition in QW&=° There have been quite a few the- measured by removing the QWIP layer. The QWIP absorp-
oretical reports to explain the experimental observatidn, tion spectrum was calculated from the spectra of the
and, there has been controversy over the contribution oACDQWSs with and without QWIP.
population density to the intersubband broadening. Bandara The monolithic integrated device, shown in the inset of
et al® predicted that the dependence of the exchange intefFig- 2, was mesa structure fabricated by two-step wet etch-
action on the in-plane momentunk,j could contribute a ing. The linewidth measurements for different external bi-
substantial fraction of experimentally observed linewidths.2ses on the ACDQW structure were made at 10 K with con-
Zaluzny® on the other hand, claimed that thedependence Stant bias on the QWIP. Figure 2 shows the absorbance
is offset by the depolarization and excitonlike manybody ef-SPectrum calculated from the ratio of the photoresponse
fects. In this letter, we report on the experimental study ofSPectra of the QWIP while the ACDQWSs were under differ-
the dependence of intersubband transition broadening oft biases. By curve fitting the result, the integrated absor-
electron population using a structure consisting of 50 periog@ance for the ACDQWs at different biases was obtained. As
of an asymmetric coupled double QWACDQWS). Exter- shown. in Fig. 3'a), the mtegratgd absorbance increases al-
nal applied bias was used to shift the population between th@0st linearly with the application of external bias for the
coupled QWs whose absorption was measured with a mondiarrow well transition, corresponding to the transfer of popu-

lithically integrated QW infrared photodetect@®WIP) di- lation from _the yvide well to the narrow well. At zzero Pzias,
rectly on the ACDQW structur®®® the population in the narrow well is about &30 cm

The monolithically integrated structure was grown by &1d the broadening i5~3.75 meV. As is clearly shown in
molecular beam epitaxy on €00 semi-insulating GaAs F|g..3(b), the broadening increases with external bias. From
substrate. The ACDQWs consisted of an undoped 9-nmthe mtegratgd absorbance and the ACDQW parameters, the
thick GaAs narrow well, an undoped 3-nm-thick population in the narrow well was calculated. Before the
Alg /Gay gAs barrier, and a selectively doped 10.8-nm-thick
GaAs wide well. The wide well was nominally Si doped to

2x 10" cm2 from 0.5 to 4.5 nm away from the barrier. The o7 serobias | ' '

periods were separated by 42.2 nm of undoped 08 I T owip + ACDQWS

Alg /Gay gAs layers. This structure was designed to provide —~ 05

the largest possible charge transfer between the narrow well 3

and the wide well with external applied bias. The absorption 5 0.4

spectrum of the monolithically integrated QWIP was de- ‘g 0.3

signed to overlap with that of the narrow well in the § 02

ACDQWs, while the wide well in the ACDQWSs had an ab- '

sorption spectrum peaked at the tail of the QWIP photore- 0.1 Fra AT

sponse spectrum. The QWIP was separated from the 0o L , . !
ACDQW structure by a 0.6¢m-n*-GaAs and a 0.2¢m 1200 1100 1000 900 800 700
GaAs buffer layer. The QWIP consisted of 15 periods of Wavenumber (1/cm)

dElectronic mail: xjxu@cco.caltech.edu FIG. 1. Absorption spectra of the grown structure at room temperature.
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FIG. 2. Absorbance spectrum of the ACDQWSs, calculated from the ratio of 50 100 150 200 250 300 350 400
the photoresponse spectra of the QWIP. Inset: the monolithic integrated Temperature (K)

device structure.

FIG. 4. Experimentafa) integrated absorbance atty FWHM vs tempera-
conclusion of population-induced linewidth broadening be-ture for the narrow and wide wells.
ing measured could be made, different broadening mecha-
nisms are reviewed. The contribution from electron-electrorcally. Our experimental results show that the linewidth in-
dephasing broadening is expected to be small at thessreases with the electron population instead of the predicted
populations: From the theoretical modéland from the bias- constant broadenirfy. For populations less than 1
induced broadening of constant population wells, the biasx 10! cm™2, the minimum broadening is limited by other
induced broadening due to interface roughness and impuritgroadening mechanisms. When the population is around 4
scattering was estimated to contribute less than 1 meV to th& 10'* cm™? the ground states anticross. The delocalization
measured full width at half-maximutFWHM). The effec-  of the ground states between the two wells at the crossover
tive nonparabolicity created by the in-plane momentum debiases of around 14 V is expected to lead an increase in
pendence of the exchange interactioan be one of the main impurity scattering and in field-induced scattering at the in-
factors which could explain the measured broadening. Iterfaces. Figure 3 shows that this broadening was not signifi-
should be noticed that the single-particle energy band noreant as no appreciable peak in the FWHM was measured for
parabolicity may also contribute to the linewidtiat most  these biases. The expected crossing of the ground states at
up to ~4.5 meV at the highest bigspart of which will be  high biases was supported by the measurement of a redshift
compensated by depolarization and exciton effects. Becauge the absorption peak position.
the exchange interaction makes a large contribution to the As a further check on our results, the absorption spectra
broadening, we expect that the depolarization and excitoat different temperatures were measured in multiple pass ge-
effects may contribute by reducing the theoreticalometry using 45° polished edge mirrors. No bias was applied
broadening, but they will not change the situation drasti- so that the population of the narrow QW was a function of
temperature only. With the given doping density, the popu-
lation changes in the narrow well and the wide well with
temperature are due to electron redistribution between the
coupled QWs and the bound state energy shifts caused by
manybody effects. The integrated absorbance and the
FWHM as a function of temperature for both the narrow and
wide wells are plotted in Fig. 4. At room temperature, the
population in the narrow well increased to about 22% of the
total population, and the corresponding broadening Was
' ‘ ‘ ' * ~6.6 meV. The lowest temperature for this multiple pass
absorption experiment is limited to 83 K due to the experi-
| «* mental setup. It is seen in Fig. 4 that varying the temperature
) from 83 to 380 K caused an increase of the linewidth of 5.5
. meV (from 3.2 to 8.7 meVYin the narrow well. At the same
5¢ vet? . time, the FWHM of the wide well increased by only 1.9
T et iy meV, from 9.3 to 11.2 meV. Apparently, the linewidth due to
5 0 5 10 15 20 temperature effect is significant. This could be explained
through the occupation of higher momentum states at higher
temperatures, and thus the increased effect of nonparabolic-
FIG. 3. Absorption characteristics of the narrow well as a function of ex- !ty due to single or many-particle effects. AS t,he temperature
ternal bias al =10 K. (a) The integrated absorbance and population in the INCreased from 83 to 380 K, the population-induced broad-
narrow well vs external biagb) FWHM vs external bias. ening in the wide well, whose population dropped, acted
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counter temperature-induced increase in linewidth. In théand absorption linewidth with increasing electron density
narrow well, which gained population, the population- using field-induced charge transfer and thermally induced
induced broadening assisted the linewidth increase due to thaharge transfer. This increase is attributed mainly to the sub-
temperature effect. The large difference of the FWHM be-band filling.
tween low and room temperatugeuch larger than the typi- This work was supported by the Advanced Research
cally measured value for constant well populaji®@again  Project Agency(ARPA), and by the Air Force Office of
an indication of the important role of population-induced Scientific Research. The authors would like to thank Profes-
broadening in intersubband transitions. sor Axel Scherer and Dr. T. R. Chen for helpful discussions.
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