Effect of interface roughness and well width on differential reflection
dynamics in InGaAs/InP quantum wells
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We have observed differential reflection dynamics inshGay 49AS/INP multiple quantum wells,

using the pump—probe technique, and examined the photoluminescence spectra to determine the
interface quality for the samples studied. Our results show that the interface quality and well width
of the quantum wells(QWSs strongly influence the differential reflection dynamics. The
experimental results provide a direct evidence to demonstrate that photoexcited carrier diffusion in
cap layer and barriers along the direction perpendicular to sample surface plays a dominant role in
determining the differential reflection dynamics of the QWs. 1@98 American Institute of
Physics[S0003-695098)04601-4

The abruptness of quantum weé@W) heterointerfaces and finally by a 1600 A InP cap layer. Sample No. 3 consists
can greatly influence the properties of heterostructure desf five wells with different widths 160, 120, 90, 70, and 50
vices. For a thin QW with a rough heterointerface, the pho-A, each being separated by a 400 A barrier layer of InP, and
toluminescencéPL) line width increasesand electron mo- the thickness of the cap layer is the same as the sample Nos.
bility decrease$. The pump—probe technique provides al and 2. The wells are positioned in the order of decreasing
powerful experimental method for determining time-resolvedwidth with distance from the front surface.
relaxation in photoexcited semiconductor materials. It has Our measurements of differential reflection dynamics
been widely used to study photoexcited carrier dynamicswere made at room temperature, using the pump—probe tech-
However, to our knowledge the study on the effect of inter-nique. The short pulse source was a mode-locked hybrid dye
face roughness and well width of QWs on the differentiallaser synchronously pumped by a frequency-doubled mode-
reflection dynamics is lacking. locked yttrium—aluminum—garnefYAG) laser. The laser

InGaAs/InP QWs have attracted much attention becausgroduced pulses as short as 150 fs with a repetition rate of 76
of its important technological role in the fabrication of opto- MHz, and around 647 nm wavelength. The laser beam was
electronic devices. This material system allows the energetigPlit into pump and probe beams. They were orthogonally
adjustment of radiative transition to the wavelength of mini-Polarized. The pump beam was normally incident and the
mal absorption1.55 um) and zero dispersiofl.3 um) of probe beam was with an incident angle of 15°. The two
commercial silica optical fibers. The optoelectronic properP€ams were focused to an20 um diameter spot on the
ties and material growth of InGaAs/InP QWs have been reSamples. The probe beam was delayed by a step-motor-drive
ported. Some authors have used upconversion PL techniqué§lay stage. The reflection signals were detected, using a
to study photoexcited carrier capture, thermalization, coolPhotodiode and a lock-in amplifier. Each data point were
ing, and charge transfer from the barriers into wells infepresented by the average of several runs over the chosen
InGaAs/InP quantum wel? In this letter, we report the delay range. _ _ _ _
first observation of the differential reflection dynamics in  '9ure 1 shows differential reflection dynamics mea-

; sured on the sample Nos. 1, 2, and 3. A distinct fast rising
INg 516Gy 4gAS/INP multiple quantum well§MQWSs). The .
effect of interface roughness and well width on the differen-edge' followed by a slow decay has been observed in every

tial reflection dynamics has been investigated. sample. However, the time constants of the decay are quite

The samples studied were grown by metalorganicd'fferentfor different samples. The delay time of sample No.

chemical vapor depositiofMOCVD). We have studied 1 is much longer than those of sample Nos. 2 and 3. In the

eriod of the first 30 ps, the differential reflection signal of
three types of InGaAs/inP MQWs. Sample Nos. 1 and 2gample No. 2 is similar to that of sample No. 1, and after that

Sthe decay becomes fast. The decay of sample No. 3 is faster

since different interruption times were taken for each aIonthan those of sample Nos. 1 and 2

during MOCVD growth. They consist of &doped InP sub- We have also determined the PL spectra for the samples
strate, followed by a 2000 A InP undoped buffer layer, 105y, died. The PL measurements were performed using an Ar
period 70 A I 514Ga.49AS/400 A INP QWs in the center, |aser with 5145 A line. The signal was dispersgdebl m
spectrometer and detected by a liquid-nitrogen-cooled Ge
dElectronic mail: yiguang@ibm320h.phy.pku.edu.cn p-i-n photodiode using conventional lock-in techniques.
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0 L . L L FIG. 2. PL spectra measured for different samples A: sample No. 1; B:
0 30 60 90 sample No. 2; and C: sample No. 3. All PL spectra were measured at 8 K.
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line width for the narrow wells; however, the PL line width
of the wide wells is relatively insensitive to interface
roughnes$.For sample No. 3 the widths of the wells located
at near sample surface are much wider than those of sample
The sample temperature was maintained in a continuous flomos. 1 and 2, thus it has narrower PL line width. The broader
helium cryostat. All PL spectra were measured at 8 K. PL linewidth of sample No. 1 shows that its interface is
Curves A, B, and C shown in Fig. 2 are the PL spectrarougher than that of sample No. 2.
for sample Nos. 1, 2, and 3, respectively. The PL spectrum  The evolution of the differential reflection dynamics fol-
of sample No. 1 in the structure is quite different from thoselowing the excitation of laser pulse is determined by the
of sample Nos. 2 and 3, having only one broad I¢tigal  changes of the refractive index and the absorption in the cap
linewidth is ~62 me\) with a shoulder at high energy side. layer, the wells, and the barriers, and mainly is a conse-
Curve B has two peaks, and their line widths ar82 and  quence of a decrease of the photoexcited carrier density. We
~10 meV, respectively. Curve C has three peaks, one domhave studied the differential reflection dynamics in InGaP/
nant peak(line width is ~12 me\) and two small peaks. InP film and have demonstrated that the delay time of the
Using the envelope function approximatiome have made differential reflection dynamics depends on the photoexcited
a calculation to fit the excitonic peak energy position withcarrier diffusion along the direction perpendicular to the film
the PL spectra. The high-energy shoulder of curve A andurface’ For the QWs, the photoexcited carrier transfer pro-
high-energy peak of curve B are the transitiom{Ebe- cesses are more complex. When the samples are excited by a
tween then=1 electron subband and thee=1 heavy-hole laser pulse, the distribution of the carrier density reduces
subband in sample Nos. 1 and 2, respectively; the dominarmxponentially along the direction perpendicular to the sample
peak of curve C is the f transition in the 160 A well of surface g direction. Following the light excitation, the pho-
sample No. 3. The low-energy features of curves A and B aréoexcited carriers will diffuse from high density region to
probably due to the participation of impurities in the recom-lower density region in the cap layer and the barriers; a frac-
bination process, which is consistent with the situation obtion of the carriers will be captured by the wells and radiative
served in GalnAs bulk, where all PL has been identified asecombination will occur in the wells, these also induce a
impurity assisted luminescenfeand similar PL spectra in density gradient of photoexcited carriers in the barriers, and
Ga 41N, sAS/INP QWSs have also been obserfetihe two  influence carrier diffusion; and some of the carriers will es-
small peaks of curve C probably are luminescence from theape from the wells into the barriers due to thermal
narrower wells. emission'® the carriers emitted by the wells near surface are
Interface roughness has a great influence upon the Ptransferred across the barriers and can be captured by the

FIG. 1. Time-resolved differential reflectioth R/R) measured for different
samplegA): sample No. 1{B): sample No. 2; andC): sample No. 3.
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wells located at far from the surface. Previous experimentatiers in the cap layer and the barriers, resulting a longer delay
results show the radiative recombination lifetime of InGaAs/time of the differential reflection dynamics. The interface
InP QWs are functions of temperature and the thickness ouality of sample No. 1 is rougher than that of sample No. 2,
barrier or well, fllnd is much longer than the delay timesso that its delay time of the differential reflection dynamics is
shown in Fig. 1" So that, the influence of the radiative Jonger than that of sample No. 2 as shown in Fig. 1. We have
recombination on the differential reflection dynamics can b%|so measured some Samp|es with the same interface qua”-
neglected. We also ignore carrier depletion due to recombites as that of sample No. 1, and same results have been
nation in the cap and barrier layers, and the sample surfacgpserved.
Because the former is justified by the fact that the bulk re- e have studied the differential reflection dynamics in
combination time is considerably longer than the delay timanSXp1 /InP (x<0.35) strained-MQWSs. Our experimen-
. . 12 . . . - : *

shown in Fig. 1, the latter is vall|g provided by the surface (5| regyits show that for the QWs with same interface quality
re(iomt.)?at'lo'n Velr?c'tﬁn<(D/T I, Wherfe %'T the am_b" and well width, their delay times of the differential reflection
Fo ar (Ijll us'i/gzy' T /egeaﬁ_LIJredD\;a Li,ezsﬁ ort_o et|r(1jlrth E dynamics decrease with increasing arsenic composition. We
ypically 11 chis, = while _(_ ) s estimated 10 b€ 1ve also used the above proposition to explain the barrier
~10° cm/st! If we take the origin of the z axis at the sample hei . : : :

- L 2 . - height dependence of the differential reflection dynamics.
surface, the initial density distribution of photoexcited carri- 5 - calculated results show that the smaller the barrier
ers along thez direction can be expressed byz) =noexp height, the more carriers escape from the wells into the bar-
(—a2), whereny is the initial carrier density @&=0, « isthe . gnt, S escape . -

riers due to thermal emission, which will reduce the mobility

absorption coefficient and approximatestd um™? for the ) ) : X .
excited wavelength® While, the laser beam was focused to of photoexcited carriers because of carrier—carrier scattering
' ) jnducing a longer decay of the differential reflection dynam-

an ~20 um diameter spot on the sample as mentioned . )
above. Assume the laser intensity distribution on the sampliéS- The results will be published elsewhere. _
surface obeys a Gaussian function, thus the density gradient !N conclusion, the above experimental results provide a
of photoexcited carriers along tizedirection is much greater direct evidence to demonstrate that photoexcited carrier dif-
than that in thex—y plane. Therefore, the differential reflec- fusion in the cap layer and the barriers along the direction
tion dynamics is mainly determined by the process of phoPerpendicular to the sample surface plays a dominant role in
toexcited carrier transport along tkalirection. It should be determining the differential reflection dynamics of the
mentioned that after laser excitation the evolution of the phosamples studied. For the QWs with poor interface quality,
toexcited carrier density in the cap layer and the barriers arearrier diffusion velocity in the barriers will be decreased
different from those in the wells. In the cap layer and in thebecause of interface roughness scattering, which will cause a
barriers the carrier density decreases; while, in the wells thionger delay time of the differential reflection dynamics; for
carrier density increases at the beginning of just off pumphe QWs with larger well width, the larger capture efficiency
beam pulse, which has different temporal evolution from thais expected, which will induce a larger gradient of the pho-
of the differential reflection dynamics shown in Fig. 1. Sincetoexcited carrier density in the barriers, thus the velocity of
the thicknesses of the cap layer and the barriers are muahe carrier diffusion in the barriers will be accelerated, result-
larger than those of the wells for samples studied, we proing a shorter delay time of the differential reflection dynam-
pose that carriers diffusion in the cap layer and the barriergs,
along thez direction plays a dominant role in determining
the differential reflection dynamics.

Using the above proposition, our experimental results
can be satisfactorily explained. The capture efficiency is ex-
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