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CThO59 Fig. 2. Pulsed light-current (L-I) characteristics of 1-mm-long, 120-um-wide broad area
lasers with non-intermixed active region (sample TS112-012) and intermixed active region (sample

TS112-116).

well GaInAs/GalnAsP lasers fabricated using
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1. Introduction

Nonidentical multiple quantum wells (MQWs)
have been widely used for broadening gain band-
width of semiconductor lasers and amplifiers.'
However, carrier distribution among those
MQWs is not uniform and thus complicates ac-
tual gain profiles." In this work, we further ex-
plore the dependence of carrier distribution on
temperature and discover that temperature char-
acteristics of semiconductor lasers with noniden-
tical MQWs are very different from conventional
ones with identical MQWs. The origin is due to
the strongly temperature-dependent Fermi-
Dirac distribution, which favors carriers in high-
energy states at large temperature. As a result, car-
riers redistribute among those QWs as
temperature varies. For laser diodes with non-
identical MQWs, the temperature-induced car-
rier redistribution could cause the lasing wave-
length much less dependent on temperature,
compared to the bandgap shrinkage. Theoretical
reasons and experimental evidence are given.

2. Theoretical background

Theoretical explanation of carrier redistribution
at different temperatures is as follows. Assume
that the quantum-well (QW) structure has only
two different QWs, as shown in Fig. 1. QW A has
one quantized energy at E1 and QW B has one
quantized energy at E2, E1 < E2. Their densities
of states are plotted in Figs. 2(a) and (b), respec-
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CThO60 Fig. 1. A schematic of nonidentical
MQW structure with two different QWs.
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CThO60 Fig.2. external-cavity configuration
and modified setup for widely-separated dual-
wavelength operation.

tively. The Fermi-Dirac distribution is also plot-
ted together at two temperatures. For a certain in-
jection level of carriers, the Fermi level (Ep) is as-
sumed to be slightly above energy E2. In general,
the Fermi level varies with temperature. However,
the variation is small. For the simplicity of expla-
nation, this variation is neglected. As temperature

increases, carriers in QW A (Fig. 2(a)) and in QW
B (Fig. 2(b)) change the number of N1(R1-L1)
and N2(R2-L2), respectively. Because the shaded
area R1 is less than L1, the number of carriers in
QW A decreases. On the contrary, the shaded area
R2 is larger than L2, so the number of carriers in
QW B increases. For a fixed injected carrier level,
the total amount of carriers in the QWs is ap-
proximately constant. Thus carriers flow from
QW A to QW B as temperature increases and vise
versa as temperature decreases.

3. Experiments
Laser diodes are fabricated on the substrate with
nonidentical quantum wells for the experiments.
The QW structure has two Inys;Gag ,,As QWs
near the p-cladding layer and three Ingq;Gag3;
Asg7,Pg2s QWs near the n-cladding layer. The
QWs are separated by In, ¢Gay, 14As 3Py 7 barri-
ers. At room temperature, the Inj 53Gag 4,As QWs
(QW A) and Ing ¢,Gag 53A8, 7,Pg .5 QWs (QW B)
have their first quantized transition energies of
0.8 eV and 0.954 eV, respectively. Because the
bandgap shrinks with temperature, those transi-
tion energies decrease with temperature, as
shown by the two solid curves in Fig. 3. In con-
trast, the measured wavelength of the above laser
diode shows much less temperature dependence.
For temperature varies from 33 K to 260 K, its
corresponding energy changes less than 5 meV,
while the bandgap energy changes more than 50
meV. As explained previously, because carriers
flow from QW A to QW B when temperature in-
creases, the lasing wavelength shifts toward the
energy corresponding to QW B, leading to the
significantly reduced temperature variation.

The temperature-induced carrier redistribu-
tion could also cause other novel characteristics
that will be discussed in great depth.
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CThO60 Fig. 3. Variation of transition en-
ergy and lasing energy with temperature. (Top
solid curve: Ing ¢,Gag 33455 7,P9,5 QWs (QW B);
bottom solid curve: In, 5;Ga, ,,As QWs (QW A);
middle: oscillation energy of the laser diode with
both types of QWs.)
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Controlling of skin optical properties related to
the immersion of refractive indices of scatterers
(keratinocytes components in epidermis, colla-
gen and elastin fibers in dermis) and ground mat-
ter is a key technique for the structural and func-
tional imaging.
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CThO61 Fig. 1. Reflectance spectra mea-

sured before (1) and at 23 min (2) and 60 min (3)
after intra dermis injection of 0.1 ml of 40%-glu-
cose into internal side of the forearm of the male
volunteer.
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CThO61 Fig. 2. The OCT images from the
normal human skin (a) of the male volunteer and
at 13 min after intra dermis injection of 40% glu-

cose (b).

For in vivo studies of clearing of the human
skin two optical techniques were used: reflectance
spectroscopy and OCT. The intra dermis injec-
tion of 40% glucose was applied as the immersion
procedure. The fiber-optic grating-array spec-
trometer (LESA-6, 400-750 nm) was used. The
mean distance between the irradiating and re-
ceiving fibers was close to 2 mm. Figure 1 shows
the reflectance spectra of the human skin. Within
one hour after glucose injection, the skin reflec-
tion coefficient decreases in average by a factor of
3.8 and then exhibits a slow increase, which indi-
cates that glucose is eliminated from the observa-
tion area and the skin reflectance tends to restore
itself to the initial level. Basing on the proposed
skin clearing model, we may suggest that the
main contribution to clearing in the first stage
(first hour) is due to the refractive index match-
ing between collagen fibrils of the dermis (n =
1.46) and the interstitial space (initially n = 1.36)
to which glucose (n = 1.39) diffuses.

Estimated diffusion coefficient of glucose in
dermis is Dg = (2.56 * 0.13) + 107 cm?s; this
value is 3.6 folds less than for glucose diffusion in
water at 37°C, Dg = 9.2-107° cm®/s, and reflects
the character of dermis permeability for glucose.

It is important that skin preserves trans-
parency (low reflectance) for a few hours after in-
jection, which is defined by glucose diffusion
along the skin surface, because upper and lower
layers of the skin—epidermis and fat—have
much lower permeability than dermis.

These data well correlate with spectral mea-
surements and also reflect the index matching in-
duced by the glucose injection. The attenuation
initially goes down and then goes up with the
time course. The light beam attenuation in tissue
/1 o= exp(-},), for normal skin (0 min) I/I; =
0.139, and for immersed skin at 13 min I/I; =
0.298, i.e. intensity of transmitted light increased
2.1 folds. This is a little bit less then for spectral

CThO61 Tablel. The total attenuation
coefficients calculated for the OCT images
captured from the arm

Time (min) 0 6 13 17 22 103

measurements, and can be explained by a lower
optical penetration depth of the OCT system.
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Background and Setup

Fluorescence lifetimes are sensitive to local phys-
ical conditions and insensitive to artifacts affect-
ing intensity based measurements, providing a
complementary source of contrast for fluores-
cence microscopy.' While lifetime microscopy is
well-developed at visible wavelengths (e.g., fluo-
rescence resonance energy transfer between ex-
ogenous fluorophores), FLIM of endogenous flu-
orophores is less developed with many potential
uses (e.g., biomedical diagnostics).2 Near UV
wavelengths may become important in clinical
applications because structural proteins and
metabolic co-factors have excitation maxima in
this wavelength region. This paper presents the
construction of a FLIM system with the sensitiv-
ity to detect cellular autofluorescence.

The UV-FLIM system (Fig. 1) used a nitrogen
laser (PTI, Lawrenceville, NJ) with a 600 ps pulse
width and 1.5 m]J/pulse output. The microscope
was a Zeiss Axiovert S100 using Fluar objectives
in epi-illumination mode. The camera was a 200
ps gated intensified CCD (ICCD) camera (LaVi-
sion, Germany). A fiber introduced an optical
delay needed for rough synchronization of the
ICCD gate and optical signal, with a variable
delay card providing fine control. The laser pulse
width measured at the end of the fiber was 1.4 ns.
Lifetimes were calculated using a two-point rapid
lifetime determination (RLD) algorithm3 and
lifetime maps were calculated on a pixel-by-pixel
basis.

Results and Discussion
Fig. 2 shows lifetime maps of fluorescein in
deionized water and ethanol in quartz cuvettes
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