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OPTICAL MEASUREMENT INSTRUMENT
FOR LIVING BODY SEMICONDUCTOR
LASER INSTALLATION FOR LIVING BODY
LIGHT MEASURING DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese application JP2007-076844, filed on Mar. 23, 2007, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an optical measure-
ment instrument using a semiconductor light-emitting
device, and in particular to a living body measuring instru-
ment using light and a light source operating in a wavelength
range from the visible to the infrared used in this device.
[0004] 2. Description of the Related Arts

[0005] Spectroscopy using a light source in a wavelength
range from the visible to the infrared is a widely practiced
technique, and wavelengths suitable for measuring informa-
tion pertaining to the living body have been indicated. For
example, according to Patent Document 1 (JP-A Hei
2-290534), it is widely known that specific light wavelengths
ranging from the visible to the infrared are absorbed by meta-
bolic substrates, and the use of wavelengths of 700 nm to
1300 nm is preferred since their scattering in biological tis-
sues is small and their absorption by water is small.

[0006] In Patent Document 1, the light source used to mea-
sure deoxy-hemoglobin concentration of blood uses two
wavelengths, 760 nm which is a unique absorption wave-
length of this substance, and a wavelength near this wave-
length (e.g., 800 nm), or three wavelengths including these
two wavelengths at which there is a large difference in the
absorption coefficient of the substance and an intermediate
wavelength.

[0007] To measure the concentration of oxy-hemoglobin at
the same time as that of deoxy-hemoglobin, a total of four
wavelengths, i.e., a unique absorption wavelength at which
there is a difference between the two hemoglobins, e.g., 650
nm, a wavelength near this wavelength, an absorption wave-
length at which the absorption of the two hemoglobins is the
same, e.g., 805 nm, and a wavelength near this wavelength,
are used. Patent Document 1 discloses that prior to perform-
ing living body light measurement, the shape of the living
body must be determined by x-ray CT (computed tomogra-
phy) or NMR (nuclear magnetic resonance).

[0008] Patent Document 2 (JP-A Hei 8-103434) discloses
that, in an instrument that measures information in a living
body using only light, an information processing method is
performed wherein a light source is intensity-modulated at an
arbitrary frequency, and a signal from the living body is
processed by a lock-in-amplifier or the like and displayed as
time series data. It is mentioned that a semiconductor laser
diode may also be used as the light source, but no detailed
description is given except as regards to wavelength.

[0009] When semiconductor lasers are used as plural light
sources having different oscillation wavelengths for these
measurements, the devices in a commercial can-package are
used alongside each other. In semiconductor laser devices of
the conventional art, there is usually a semiconductor laser of
one wavelength in one can-package.
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[0010] As an exception, Patent Document 3 (JP-A Hei
11-186651) discloses semiconductor lasers having two wave-
lengths, i.e., 780 nm for CD read and 650 nm for DVD
read/write used in optical disk record regeneration devices
installed on a sub-mount in one can-package, which is com-
mercially available. Further, Patent Document 4 (JP-A 2001-
230502) discloses a technology wherein semiconductor
lasers having three wavelengths, i.e., a wavelength of 405 nm
for Blu-Ray or HD-DVD record regeneration in addition to
the first two wavelengths, are simultaneously housed in one
can package. These semiconductor lasers having plural wave-
lengths are not made to oscillate simultaneously due to their
different applications.

[0011] Patent Document 5 (JP-A 2006-186243) discloses a
light source wherein semiconductor lasers having three wave-
lengths are disposed in proximity to each other in one pack-
age. These three wavelengths correspond for example to red,
green and blue for display applications. By using a can-
package housing semiconductor lasers having plural wave-
lengths, devices that contain this light source can be made
more compact.

[0012] The semiconductor lasers used as a light sources in
measurement instruments, optical disk record regeneration
devices and displays, must be detected an optical output, and
provided with an electrical feedback circuit to stabilize the
optical output. The optical output detection method may be
for example a front monitor method which is frequently used
in optical disk record regeneration devices (Patent Document
6 (JP-A 2004-207420)), or a rear monitor method used with
semiconductor lasers for commercial products (Non-patent
Document 1 (Ryoichi Ito, Michio Nakamura, Semiconductor
Lasers [Fundamentals and Application], Baifukan, (1989),
p.236)).

[0013] Since, in the former front monitor method, the semi-
conductor lasers having plural wavelengths are not often
driven simultaneously, it there is usually one optical output
power monitoring device, and in Patent Document 6, a device
is disclosed wherein plural lasers are operated on a time-
sharing basis, and an optical output power is detected in
synchronism with their operation interval.

[0014] In the latter rear monitor method, as described in
Patent Document 7 (JP-A Hei 9-164722), there is a printing
device having a light intensity corrector that uses one optical
output power monitoring device for the light from plural
light-emitting points. Since these beam-emitting elements are
used for printing applications, they use an identical wave-
length at which the photoreceptor that detects the light has a
good sensitivity, and they are not made to emit light simulta-
neously.

[0015] In the wavelength range of 700 nm-1300 nm which
is described as preferable in Patent Document 1, since it is
difficult to improve the characteristics and reliability of semi-
conductor lasers oscillating at a wavelength of 700 nm to 760
nm, there are very few ofthem on the market. The active layer
material may be obtained by increasing the Al proportion of
AlGaAs, by making GalnP highly strained, or by adding As to
GalnP. According to Non-patent Document 2 (IEEE Journal
of Selected Topics in Quantum Electronics, Vol.5, No.3,
p-785-791 (1999)), when the quantum well layer is InGaAsP
(strain 1.6%), a wavelength of 730 nm is obtained, but the
strain is large and these lasers are not reliable. Also, in Patent
Document 8 (JP-A Hei 9-307183), there is a numerical limi-
tation of y=50.15 inan In, ,Ga,As P,_, quantum well layer,
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and the wavelength is 635 nm which is not contained within
the wavelength range of the present invention.

SUMMARY OF THE INVENTION

[0016] In the conventional art, living body light measuring
devices are usually used only by a few medical institutions or
research organizations, and for these devices to have wider
application, they need to be more compact. Likewise, a light
source having plural light-emitting devices of different wave-
lengths which are part thereof, needs to be more compact.
One solution to this problem is to use a light source having
plural wavelengths mounted on one sub-mount, such as is
disclosed in disc recorder regeneration device applications or
display applications, and house it in one can-package.
[0017] Another problem is increasing the precision of liv-
ing body light measuring devices. Since the state of a living
body is constantly changing and it is difficult to distinguish
the measurement signal from noise, which tends to lead to
confusion, the optical output and the wavelength of the light
source must be stable. Hence, since the noise in the signal
from a living body is of the order of 1%, the optical output
fluctuation of the light source must be less than 0.1%.
[0018] Regarding the method of detecting the optical out-
put ofthese semiconductor lasers, the problem in the conven-
tional front monitor method is that when the optical output
power monitoring device used for detection is taken out of the
can-package in which the semiconductor laser is housed, the
number of components increases. On the other hand, in the
rear monitor method, the optical output power monitoring
device used for detection can be mounted on the same heat
sink as the light-emitting devices, and housed in one can-
package.

[0019] In Patent Document 5, a diagram is disclosed
wherein optical output power monitoring devices of equal
number to a number of semiconductor laser diodes are
installed to the rear of the semiconductor lasers, but the detec-
tion method is not described in detail. In another method
wherein plural semiconductor lasers used for living body
measurement are operated simultaneously in a certain time
interval, in the layout of Patent Document 5, the rear optical
output of the semiconductor laser installed in front of one
optical output power monitoring device and the rear optical
output of the semiconductor laser adjacent to it are both input,
so there 1s a possibility that a correct optical output power
detection might not be possible, and it is difficult to separate
the influence of the adjacent device.

[0020] Further, in the wavelength band from 700 nm to
1300 nm which is described as preferred in Patent Document
1, in semiconductor lasers that oscillate at a wavelength of
700 nm to 760 nm, the active layer material is AlGaAs used
for 780 nm band lasers where the Al proportion is increased,
GalnP used in the 600 nm band which was highly strained, or
InGaAsP which is difficult to obtain by crystal growth. In the
case of AlGaAs, when the Al proportion is large, oxidation
occurs easily and reliability decreases, and since the differ-
ence of composition from the AlGaAs cladding layer is small,
confinement of the carrier is impaired which may lead to a
deterioration of characteristics. With GalnP, if the material is
highly strained, crystal defects tend to occur and reliability
decreases. As for InGaAsP, it is said that crystal growth ofthis
material is difficult, and there are very few reports. Hence,
since it is difficult to improve the characteristics and reliabil-
ity of light-emitting devices in this wavelength band, there are
very few on the market.
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[0021] The problem therefore is to develop technology to
improve the characteristics and reliability of semiconductor
lasers in this wavelength band, and allow them to be manu-
factured stably.

[0022] It is therefore an object of the present invention to
provide, as a light source for living body measurement, a
compact light source wherein light-emitting devices oscillat-
ing at plural different wavelengths from the visible to the
infrared are housed in one can-package, and an optical mea-
surement instrument for a living body on which this light
source is mounted. It is a further object of the invention to
provide a design in which the characteristics of semiconduc-
tor lasers oscillating at a wavelength of 700 nm to 760 nm,
which are difficult to acquire on the market as light sources for
living body measurement, are stable and highly reliable.
[0023] To attain the aforesaid object, the invention provides
adesign wherein plural semiconductor light-emitting devices
oscillating at plural different wavelengths from the visible to
the infrared are mounted on one sub-mount in proximity to
each other together with one optical output power monitoring
device that detects the optical output of these semiconductor
light-emitting devices on the same heat sink, the whole being
housed in one can-package, and having a circuit which sepa-
rates the optical output signals from the light-emitting devices
from the detection signal of the optical output power moni-
toring device. The method used by the circuit may be to
modulate the semiconductor light-emitting devices at plural
frequencies and separate the signals by a lock-in-amplifier, to
operate the semiconductor light-emitting devices on a time
division basis and perform detection in synchronism with
their operation, or a combination of the both methods.
[0024] FIG. 1and FIG. 2 show the basic construction of the
invention. FIG. 1 shows the construction of a light source
used in the optical measurement instrument of the invention,
three of the plural semiconductor lasers being shown in the
diagram. Semiconductor lasers 1 to 3 are joined to a sub-
mount 4 by solder. An anode side 5 to 7 of a bonding pad and
a cathode side 8 are wired to drive the semiconductor lasers.
In this example, the cathode side was common, but the anode
side may be common. At the same time, an optical output
power monitoring device 9 is disposed to the rear of the
semiconductor lasers 1 to 3, and mounted together with the
sub-mount 4 on a heat sink 10. The signal received from the
optical output power monitoring device 9 arrives at a moni-
tored signal separation circuit 11. Depending on the separated
signals, electrical feedback signals such that the optical out-
puts of the semiconductor lasers 1 to 3 remain constant, are
sent to light-emitting device driving power supplies 12 to 14.
[0025] To use this light source for living body measure-
ment, a wavelength must be selected with reference to a
unique absorption wavelength of the material to be measured.
For example, as the wavelength of the light source used to
measure deoxy-hemoglobin, referring to the absorption coef-
ficients of deoxy- and oxy-hemoglobin shown in FIG. 3, two
wavelengths, i.e., 760 nm which is the unique absorption
wavelength of this substance and a wavelength near this
wavelength (e.g., 800 nm) may be used, or three wavelengths,
1.e. these two wavelengths for which there is a large difference
in the absorption coefficient of this substance and one inter-
mediate wavelength may be used. From FIG. 3, the first of
these three wavelengths is selected from a region just below
730 nm at which the absorption coefficient of deoxy-hemo-
globin is large, and above 650 nm at which the absorption of
the living body is not too large so that sufficient signal
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strength can be obtained (e.g., 690 nm). The second is a
wavelength selected from a region just above 830 nm at which
the absorption coefficient of oxy-hemoglobin is large (e.g.,
830 nm). The third is selected at 760 nm, which is between
these two wavelengths. Since the absorption coefficient of
deoxy-hemoglobin has a local maximal value between 750
nm to 760 nm, at this wavelength the absorbed signal
increases, and it is a unique absorption wavelength which
contributes to enhancing measurement precision. Therefore,
selecting one wavelength of the light source in the range 750
nm to 760 nm is advantageous.

[0026] When selecting the first wavelength, referring to
safety standards (JISC6802) and world standards (IEC60825)
for laser products, if a wavelength above 700 nm is selected,
the permissible strength can be increased even for the same
class of laser and the measurement signal can be increased, so
precision can be increased. Since there is little scattering in
biological tissue, measurement precision can be increased
even while respecting safety standards, so selecting a wave-
length above 700 nm is advantageous.

[0027] The light generated from the light source having the
construction of FIG. 1 may be guided into an optical fiber and
transmitted as it is, may be propagated in the air, or a living
body may be exposed to it directly. If it is guided into an
optical fiber, the original optical power is attenuated in the
optical fiber, so the optical output of the light source must be
designed for fiber output with due regard to safety. On the
other hand, in the case of air propagation and living body
exposure, there are safety restrictions on the optical output of
the light source depending on wavelength. From safety con-
siderations, to ensure safety of the operator’s eyes, there is a
restriction on the light intensity in a circle of diameter 7 mm
corresponding to the pupil size at a distance of 10 cm which
is the shortest focal distance, therefore the light should be
made to diverge using a light diverging modality such as a
lens or the like.

[0028] From FIG. 3, it is seen also that the absorption
coefficient of deoxy-hemoglobin in the region below 805 nm
is sensitive to wavelength fluctuations, so wavelength fluc-
tuations are preferably small. According to semiconductor
laser catalogs, the wavelength specification is set to 10 nm.
If the optical source is disposed in proximity to the living
body, considering that there may be a wavelength variation
from a room temperature of 25° C. to about 50° C. which
results from adding 10° C. due to the heat of the device to the
body temperature of about 40° C., the wavelength fluctuation
rate relative to temperature variation is 0.2 nm/K, so the
wavelength fluctuation would be about 5 nm. In addition, if
sufficient tolerance is allowed for compositional variations in
the active layer per lot during fabrication, the wavelength
fluctuation would then be double this, i.e., about +5 nm.
[0029] In an optical measurement instrument where the
subject is directly exposed to the light source, fluctuation of
the light source due to optical feedback from the subject leads
to measurement errors, so some tolerance must be allowed. In
one solution, it is preferred to set the reflectance of the front
facet high so that the reflected optical feedback from the
subject does not enter the resonator of the semiconductor
laser. In the case of an edge-emitter semiconductor laser, if
silicon dioxide and silicon nitride which are well known
materials, are alternately laminated (—deposited/stacked?)
respectively to a quarter-wave film thickness. a film having a
high reflectance of about 50% is obtained. If plural growth
cycle layers are stacked, a film of even higher reflectance can
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be manufactured and a better tolerance can be obtained. In a
vertical cavity surface emitting laser, in a stacked film of
semiconductor AlGaAs, areflectance exceeding 95% is often
used. A light-emitting diode may also be used as the light-
emitting device, and in this case the light is not coherent from
the beginning, which is robust to optical feedback.

[0030] If on the other hand it is desired to decrease the
reflectance of the light source and increase the optical output
from the front facet, another solution is to convert the longi-
tudinal mode to multimode by self-pulsation so that coupling
is more difficult, which is a technique known in the art.
[0031] When biological information is to be measured in
proximity to a living body using this optical source, position-
ing is easier by using a probe, in which the optical source
device brought into intimate contact with the living body, and
adetector that detects light that has been partially absorbed by
the living body and fed back, are disposed in an optimum
position. The optical source has at least two light-emitting
devices having different light emission wavelengths, and
these light-emitting devices are operated either by intensity
modulation of different frequencies or by time division. By
having plural these optical sources and detectors, and using
probes disposed in two dimensions, a wide variety of biologi-
cal information can be obtained in one session.

[0032] Next, the method of implementing the semiconduc-
tor light-emitting device oscillating at a wavelength of 700
nm to 760 nm, will be described in detail.

[0033] As an active layer which can provide this wave-
length region, we have selected InGaAsP on a GaAs substrate
which is difficult to manufacture since a suitable crystal
growth technique had not been developed. Using a metal
organic vapor phase epitaxy (MOVPE) system and experi-
mentally optimizing the growth conditions, we have suc-
ceeded in obtaining epitaxial growth of InGaAsP having a
film thickness corresponding to that of the active layer of a
semiconductor laser on a GaAs substrate. The growth condi-
tions are within the normal range when using a GaAs sub-
strate, but each system must be optimized.

[0034] FIG. 12 shows a light-emitting device oscillating at
a wavelength of 700 nm to 760 nm. On an n-type GaAs
substrate 201, an n-type GaAs buffer layer 202, an n-type
AlGalnP cladding layer 203, an n-type AlGalnP optical guid-
ing layer 204, a strained quantum well active layer 205, a
p-type AlGalnP optical guiding layer 206, a first p-type
AlGalnP cladding layer 207, a second p-type AlGalnP clad-
ding layer 208, a p-type GalnP capping layer 209 and a p-type
GaAs capping layer 210 are grown sequentially by the
MOVPE method.

[0035] The second p-type AlGalnP cladding layer 208,
p-type GalnP capping layer 209 and p-type GaAs capping
layer 210 are formed in a striped shape by a predetermined
etching, the side walls of the stripes being subjected to pas-
sivation by a dielectric film 211. Moreover, on the p-type
GaAscapping layer 210, a p-side electrode 212 is formed, and
under the n-type GaAs substrate 201, an n-side electrode 213
is formed.

[0036] The strained quantum well active layer 205 includes
anln, GaAs P (0.10=y=0.45) quantum well layer (lat-
tice constant a,,, in the surface), and (AlGa, ), In,_, P barrier
layer. The strain of the InGaAsP quantum well layer can be
determined by experiment to evaluate characteristics and reli-
ability. As a result of theoretical calculation and experiment,
it is clear that the strain € defined by €(%)=(a,,—a)/ax100 is
preferably 0.4%=e=1 4. In particular, when the wavelength
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is from 700 nm to 720 nm, 0.4%=e=1.2% is preferred, and
0.4%=€=0.9% is optimum. When the wavelength is from
725 nm to 760 nm, it was clear that a strain range of
0.6%=e=1.4% is preferred.

[0037] The GaAs substrate may be an off substrate wherein
the orientation is inclined from the (100) plane to the <011>
direction, and the quantum well active layer 205 may be a
strain-compensated structure wherein a tensile strain is
applied to the barrier layer.

[0038] Here, the difference between the invention and the
conventional art will be described.

[0039] According to Patent Document 1, to obtain biologi-
cal information, CT measurement is required prior to optical
measurement, but according to the invention, biological
information can be obtained via optical measurement alone.
Patent Document 2 describes that biological information can
be displayed in a time series by optical measurement, but
apart from the wavelength, the light source is not described in
detail. According to the present invention, the signal process-
ing theory of Patent Document 2 is used without modifica-
tion, and a construction for the light source used for the
optical measurement instrument and control of optical output
stabilization is proposed.

[0040] Patent Documents 3, 4, 7 describe a semiconductor
light source having plural semiconductor light-emitting
devices installed therein, but since the main application is
optical recording and optical printing, there is no way of
having the respective light-emitting points function simulta-
neously, whereas the present invention has semiconductor
light-emitting devices emit plural different wavelengths
simultaneously. The fact that one optical output power moni-
toring device is used is in common with Patent Document 7,
but whereas Patent Document 7 describes a construction
wherein a control signal is fed back and the optical output is
stabilized for only one device which emits in a specific time,
the present invention has plural semiconductor light-emitting
devices that emit light simultaneously, and by operating these
at different frequencies or by time division, the signals enter-
ing one optical output power monitoring device are separated,
so the output powers of the respective semiconductor light-
emitting devices can be stabilized. Hence, the design is dif-
ferent insofar as concerns optical output power stabilization.
[0041] In the features of this optical output stabilization
method, there is also a distinction from Patent Document 5. In
Patent Document 5, in a semiconductor light source wherein
plural light-emitting devices of different wavelength are
installed, since the main application is a display, the plural
light-emitting devices are operated simultaneously, but the
same number of optical output power monitoring devices is
provided to measure the optical outputs of these light-emit-
ting devices. According to the present invention, to solve the
problem of stabilization, the signals entering one optical out-
put power monitoring device are separated.

[0042] In Patent Document 6, an optical output power
monitoring device is placed midway in the light path in front
of the plural light-emitting devices, but since the present
invention is used in applications where the light source is
placed in proximity with a living body, the optical output
power monitoring device cannot be placed midway in the
light path, and it is therefore placed to the rear of the light-
emitting points of the light-emitting devices.

[0043] The light-emitting device of Patent Document 8
uses InGaAsP for the active layer, and at a light-emitting
wavelength of 635 nm, it uses a composition which can be
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stably obtained by crystal growth even by the conventional
art, but with the same design, a composition providing a
wavelength band above 700 nm as in the present invention
cannot be obtained. On the other hand, Non-patent Document
2 uses the same light-emitting wavelength band as that of the
invention, but the present invention differs from the conven-
tional artinthat, to supply crystals which give a light-emitting
device having a light-emitting wavelength of 700 nm to 760
nm which is more reliable, a limitation is placed on the
composition particularly with regard to strain.

[0044] Even if all of the conventional arts are combined,
they cannot measure information in proximity with a living
body. The difference of the present invention from the con-
ventional art is that it employs a light source in proximity with
a living body and a detector that detects a signal from the
living body, and the timing at which the light source is acti-
vated is selected, so the optical output is stabilized and the
light emission wavelength is stabilized.

[0045] Further, since a light imaging device having a light
emission wavelength of 700 nm to 760 nm cannot be supplied
by a reliable semiconductor light-emitting device, in the con-
ventional art, a semiconductor light source having a different
wavelength range is used for living body light measurement.
The highly reliable construction of the present invention
makes it possible to use a light-emitting device having a light
emission wavelength of 700 nm to 760 nm for the first time as
a light source of an optical measurement instrument for a
living body.

[0046] As an optical measurement instrument for a living
body, compared to the case where plural can-packages con-
taining light-emitting devices are arranged alongside each
other, one can-package containing light-emitting devices
having plural wavelengths is used, thus permitting compact-
ness and lightweightness. Also, by having one optical output
power monitoring device that detects the optical outputs of
the light-emitting devices which is mounted to the rear of and
in proximity to the plural light-emitting devices, and a circuit
that separates the signals from the plural light-emitting
devices, the effect of adjacent devices can be separated. And,
a semiconductor laser having a wavelength of 700 nm to 760
nm which has been so far difficult to manufacture, can now be
supplied as a light source of living body measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1 is a diagram showing a semiconductor laser
integrated light source according to one embodiment of the
invention;

[0048] FIG. 2 is a diagram showing a semiconductor laser
integrated light source and its optical output control system
according to one embodiment of the invention;

[0049] FIG. 3 is a diagram showing a wavelength depen-
dence of an extinction coefficient of deoxy-hemoglobin and
hemoglobin;

[0050] FIG. 4 is a diagram showing a semiconductor laser
crystal growth structure used in the invention;

[0051] FIG. 5 is a diagram showing a living body measur-
ing instrument using a semiconductor laser integrated light
source according to one embodiment of the invention;
[0052] FIG. 6 is a diagram showing a semiconductor laser
integrated light source according to one embodiment of the
invention;

[0053] FIG. 7is a cross-sectional view showing a semicon-
ductor laser integrated light source according to one embodi-
ment of the invention;



US 2008/0234560 A1

[0054] FIG. 8 is a diagram showing a semiconductor laser
integrated light source and its optical output control system
according to one embodiment of the invention;

[0055] FIG. 9 is a diagram showing a living body measur-
ing instrument using a light source module according to one
embodiment of the invention;

[0056] FIG. 10 is a block cross-sectional view showing a
living body measuring instrument using a light source mod-
ule according to one embodiment of the invention,

[0057] FIG. 11 is a cross-sectional view showing a semi-
conductor laser integrated light source according to one
embodiment of the invention; and

[0058] FIG.12 is across-sectional view of a semiconductor
laser according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0059] Some embodiments of the invention will now be
described referring to the drawings.

First Embodiment

[0060] A first embodiment of the invention will be
described referring to the device shown in FIG. 1 and FIG. 2.
For the semiconductor lasers 1 to 3, crystals are grown in the
order of an n-type cladding layer 102, an active layer 103, a
p-type cladding layer 104, and a p-type contact layer 105 on
an n-type GaAs substrate 101 as shown by the cross-sectional
structure of FIG. 4 using a metal oxide vapor phase epitaxy
(MOVPE) system. Among the three semiconductor lasers, 1,
2 targeting an oscillation wavelength below 760 nm use an
AlGalnP layer of thickness 1.5 um for the n-type and p-type
cladding layers 102, 104, and a multi quantum well structure
including a well layer of Galn(As)P of thickness 10 nm and a
barrier layer of AlGalnP of thickness 15 nm, together with an
optical guiding layer which is an AlGalnP layer of thickness
25 nm sandwiching the structure, as the active layer 103, and
use a GaAslayer for the p-type contact layer 105. The remain-
ing semiconductor laser 3 targeting an oscillation wavelength
of 800 nm uses an AlGaAs layer of thickness 1.5 pm for the
n-type, p-type cladding layers 102, 104, and has a multi
quantum well structure including a well layer of GaAs of
thickness 10 nm and a barrier layer of AlGaAs of thickness 15
nm, together with a an optical guiding layer which is an
AlGaAs layer of thickness 25 nm sandwiching the structure,
as the active layer 103, and uses a GaAs layer for the p-type
contact layer 105.

[0061] After forminga striped pattern by photolithography,
etching is performed by a dry-etching apparatus leaving the
stripes so as to form a mesa shape. In the case of the semi-
conductor laser 3 only, a block layer is grown including
n-type doped AlGaAs and n-type doped GaAs in the part
outside the stripes by selective area growth using the MOVPE
system with the mask used for stripe patteming, and after
removing the mask, a p-type doped GaAs contact layer is
grown to bury the mesa.

[0062] Passivationis performed by silicon dioxide of thick-
ness 350 nm at locations outside the stripes, and titanium,
platinum and gold which will form the p side electrode are
electron beam evaporated in sequence. After lapping the
GaAs substrate to 100 pm, gold-germanium, nickel, titanium,
platinum and gold which will form the n side electrode are
electron beam evaporated in sequence on the back, and
alloyed. Each wafer is cleaved so that the cavity length of the
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semiconductor laser is 800 um. On the cleaved facet, alumina
is deposited on the front surface by a sputtering device to give
areflectance of'about 13%, and a stacked layer of alumina and
titanium oxide is deposited on the back surface to give a
reflectance of 90% or more.

[0063] The semiconductor lasers 1 to 3 fabricated in this
manner are then mounted on the sub-mount 4 by junction-
down. On the heat sink 10, a monitoring photodiode (hereaf-
ter, monitor-PD) 9 is first fixed by solder as an optical output
power monitoring device for stabilizing the optical output of
the semiconductor laser, and the sub-mount 4 on which the
semiconductor lasers 1 to 3 are mounted is then fixed by
solder. The wires from the semiconductor lasers 1 to 3 are
connected to input/output pin via bonding pads 5 to 8. In FIG.
1, the case of a cathode common connection was shown, but
it may also be anode common, which can be controlled in an
identical way. The can-package is then completed by sealing
with a cap (not shown). The output from the monitor PD 9 is
guided to a monitored signal separation circuit 11, the sepa-
rated signals are fed back to the driver power supplies 12 to 14
of the semiconductor lasers 1 to 3, and a correction is applied
to eliminate optical output fluctuations.

[0064] Here, to increase the precision of spectroscopic
analysis in light measurement, the semiconductor lasers 1 to
3 are modulated at frequencies which are very close to each
other but different, and the monitored signal separation cir-
cuit 11 in this case may be a lock-in-amplifier.

[0065] The oscillation wavelengths of the semiconductor
lasers 1 to 3 fabricated in this embodiment are respectively
690 nm, 760 nm and 830 nm. They operate at an optical output
of 50 mW from 25° C. to 50° C., and the fluctuation of
oscillation wavelength within this temperature range was
within +5 nm. Also, in a life test at a fixed optical power at 50°
C., 50 mW, operation in excess of 2000 hours has been veri-
fied. Further, by modulating the semiconductor lasers at dif-
ferent frequencies, the signal monitored optical outputs
detected at the rear can be separated using the lock-in-ampli-
fier, and by performing an electrical feedback to the semicon-
ductor laser driver power supplies 12 to 14, the fluctuation
amount of the optical output was suppressed to equal to or less
than 0.1%.

Second Embodiment

[0066] A second embodiment of the invention will now be
described in the case of the optical measurement instrument
for a living body shown in FIG. 5. An optical source 15 on
which semiconductor lasers having plural wavelengths are
mounted, is obtained by an identical fabrication method to
that of the first embodiment. A pulse signal from a pulse
generator 19 in a transmitter 18, which is controlled by a
control and display personal computer 17, is supplied to a
light source driver 16 as a modulated signal from a CDMA
(code division multiple access) encode circuit 20 to drive the
light source 15. The signal monitored optical outputs received
at the rear of the semiconductor laser are separated by
CDMA-decoding. This light source 15 oscillates at oscilla-
tion wavelengths of 695 nm, 780 nm and 850 nm, and at an
optical output of 50 mW from 25° C. to 60° C., it operates
with an optical output fluctuation of less than 0.1%. The light
of three wavelengths emitted from this light source 15 has an
emitting point distance of 220 pm, and this light is guided into
a bundle fiber 21 having a core of diameter 1 mm. This fiber
output light is frequency-modulated, a living body 22 is
exposed to it, and the light fed back after absorption in the
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biological material is captured by a light-receiving device
module 23. This light source 15 and light-receiving device
module 23 are detachably fixed to a probe 24 at the optimum
interval for signal processing, so positioning on the surface of
the living body 22 is easy, and the module can be replaced in
the event of a fault. Signal processing is performed using a
receiver 27 combining an analog amplifier 25 and CDMA
decode circuit 26, and analyzed/displayed by the control and
display personal computer 17. The optical output fluctuation
of the light source 15 is small, so the reliability of the signal
is increased.

Third Embodiment

[0067] A thirdembodiment of the invention has an identical
construction to the device shown in FIG. 5. The light source
15 on which semiconductor lasers having plural wavelengths
are mounted is fabricated by an identical method to that of the
first embodiment, oscillates at oscillation wavelengths of 680
nm, 755 nm and 830 nm, and at an optical output of 50 mW
from 25° C. to 60° C,, it operates with an optical output
fluctuation of less than 0.1%. These wavelengths, from FIG.
3, are selected to be 680 nm at which the absorption coeffi-
cient of deoxy-hemoglobin is very high, 830 nm at which the
absorption coefficient of oxy-hemoglobin is relatively high,
and 750 nm, which is an intermediate wavelength. The light
of three wavelengths emitted by this light source 15 is guided
into the bundle fiber 21 having a core of diameter 1 mm. This
fiber output light is frequency-modulated and the living body
22 is exposed to it. The light fed back after absorption in the
biological material is captured by the light-receiving device
module 23, signal processing is performed using the receiver
27 similarly to the second embodiment, and the signal from
the living body is analyzed. The optical output fluctuation of
the light source 15 is small, and since two wavelengths are
selected at which there is a large difference in the absorption
coefficients of deoxy-hemoglobin and oxy-hemoglobin in the
measurement target, and an intermediate wavelength, a high
precision measurement can be performed.

Fourth Embodiment

[0068] In afourth embodiment of the invention, the wave-
length of the semiconductor laser of the light source device
shown in FIG. 1 is limited. The active layer composition is
determined so that the oscillation wavelengths of the semi-
conductor lasers 1. 2, 3 are respectively 705+5 nm, 75525 nm,
and 830+5 nm. The semiconductor lasers 1, 2 may be manu-
factured using a multi quantum well structure having an
InGaAsP well layer in the active layer, and the semiconductor
laser 3 may be manufactured using a multi-quantum well
structure having a GaAs well layer in the active layer.

[0069] In particular, since the wavelength of 700 nm to
1300 nm is selected, which has a small scattering in biomedi-
cal tissue and a low absorption in water, a signal from the
living body can be extracted with high precision. Among
these, the semiconductor laser 1 has the shortest wavelength
of 705+5 nm, and it is a wavelength with a small scattering in
biomedical tissue at which the absorption coefficient of
deoxy-hemoglobin is as high as it can be above 700 nm,
considering safety standards. Also, since the semiconductor
laser 2 oscillates at 750 to 760 nm which is a unique absorp-
tion wavelength having an extremely high value ofabsorption
coefficient for deoxy-hemoglobin, the absorbed signal is
large. Due to these facts, the selection of 705£5 nm and 755£5

Sep. 25, 2008

nm as the oscillation wavelengths of the semiconductor lasers
contributes to increasing measurement precision.

Fifth Embodiment

[0070] A fifth embodiment of the invention will now be
described referring to the devices shown in F1G. 6 and FIG. 7.
FIG. 6 is a view ofthe light source from the emitting facet, and
FIG. 7 is a cross-sectional view from the side. The semicon-
ductor lasers 120, 121, 122 are vertical cavity surface emit-
ting lasers, and their wavelengths are 780 nm, 805 nm, 830
nm. These semiconductor lasers are mounted on a sub-mount
123, and fixed to a heat sink 125 together with a monitor PD
124. They are then sealed with a cap 126 which has a reflec-
tance of about 10% at these wavelengths, having a window,
which is slightly inclined from the vertical with respect to the
light propagation direction. This light source 28 gave an
optical output of 2 mW at each of these three wavelengths.
[0071] A construction which stabilizes the optical output
will now be described referring to FIG. 8. The output from the
monitor PD 124 is guided to the monitored signal separation
circuit 11, the signals separated here are fed back to the light
source driver 16 of the semiconductor lasers 120 to 122, and
a correction is applied to eliminate optical output fluctuation.
Here, to increase the precision of the spectrophotometric
analysis of the living body measurement, the semiconductor
lasers 120 to 122 are driven by time division, and in the
monitor signal, only the signal synchronized with the semi-
conductor lasers 120 to 122 is detected by the monitored
signal separation circuit 11. The overall construction forms a
light source module 29.

[0072] Thelight source of this embodiment is used in prox-
imity to the living body at a distance of several mm, and since
the operating temperature is maintained at about 40° C., the
wavelength fluctuation is small, and within 5 nm for each
device. Further, with a vertical cavity surface emitting laser,
since the reflectance of the light-emitting surface is approxi-
mately 95%, there is optical feedback tolerance, and the opti-
cal output fluctuation is within 0.05%. Due to this, a stable
signal with little noise is obtained from the living body.
[0073] The semiconductor lasers 120, 121, 122 may be
replaced by light-emitting diodes. Since light-emitting diodes
do not give coherent light, they have a good optical feedback
tolerance.

Sixth Embodiment

[0074] A sixth embodiment of the invention will now be
described referring to the device shown in FIG. 9. The light
source module 29 on which semiconductor lasers having
plural wavelengths are mounted, is obtained by an identical
fabrication method to that of the fifth embodiment. Here, the
lasers oscillate at two oscillation wavelengths, i.e., 780 nm
and 830 nm, and in the operating temperature range of 25° C.
to 40° C., at an optical output of 2 mW, the wavelength
fluctuation was within £5 nm and the optical output fluctua-
tion was within 0.05%. This light source module 29 receives
asignal that determines the operation timing by the transmit-
ter 18, and the living body 22 is exposed to the light. The light
fed back after absorption by the biomedical tissue is captured
by the light-receiving device module 23. The signal is pro-
cessed by the receiver 27, and analyzed/displayed by the
control and display personal computer 17 as a signal from the
living body.
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[0075] This light source module 29 and light receiving
device module 23 are detachably fixed to the probe 24 at the
optimum interval for signal processing, positioning on the
surface of the living body 22 is easy, and the module can be
replaced in the event of a fault. FIG. 10 shows a partial
cross-section of the probe 24. The light source module 29 is
housed in a case 31 together with the light source 28 and
optical output stabilization circuit 30, and receives a power
supply from outside by a power feeding connector 32. The
light receiving device module 23 is housed in the case 31,
together with an avalanche photodiode 33 and an amplifier,
and a control circuit 34 containing a high voltage power
supply unit, and receives a power supply from outside by the
power feeding connector 32. The case 31 can be detached
from the probe 24. Inthe diagram, two each ofthe light source
modules 29 and light receiving device modules 23 are fixed,
but more modules can be disposed in an array to obtain
signals from a wider area of the living body.

[0076] Since the light source module 29 guides light to the
living body, an optical fiber is not required, and the device can
be made compact and lightweight, therefore, a living body
light measuring device can be made compact while maintain-
ing the measurement precision of the conventional art.

Seventh Embodiment

[0077] A seventh embodiment of the invention will now be
described referring to the device shown in FIG. 11. A semi-
conductor laser 130 is an edge emitting laser fabricated by the
dual wavelength integrated semiconductor laser technique
known in the art, its oscillation wavelengths being 690 nm
and 760 nm. The reflectance of the light-emitting surface is
made 68% by forming two growth cycle layers of a quarter
wave film thickness of silicon dioxide and silicon nitride. The
optical output is 4 mW at these respective wavelengths. To
avoid safety problems, considering the risk of the laser
directly entering the observer’s eyes, the optical source pack-
age has a modality that widens the beam, e.g., a lens 131.
[0078] The construction that stabilizes the optical output is
identical to that of FIG. 8. The semiconductor laser 130 is
driven by time division, and regarding the monitor signal,
only a signal synchronized with light of each wavelength
from the semiconductor laser 130 is detected by an identical
circuit to the monitored signal separation circuit 11. Here, to
improve the measurement precision, operating at plural
wavelengths simultaneously is preferred since plural signals
can be obtained at the same time, but a method can also be
used where light of each wavelength from the semiconductor
laser 130 is intensity-modulated at different frequencies, and
the light intensity of each wavelength is stabilized using a
lock-in-amplifier as the circuit 11 which separates the moni-
tored signals. To improve precision still further, the light of
plural wavelengths can be driven at two drive timings com-
bined together, i.e., time division and intensity modulation at
different frequencies. In both cases, a circuit identical to the
monitored signal separation circuit 11 may be manufactured
to separate the signals entering the monitor PD 9 according to
the drive timing of the light-emitting devices.

[0079] Thelight source of this embodiment is used in prox-
imity to the living body at a distance of several millimeters,
and since the operating temperature is maintained at 40° C,,
the wavelength fluctuation was small and the fluctuation was
within +5 nm for each device. Since the reflectance of the
light-emitting surface is 68%, there is optical feedback toler-
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ance, and the optical output fluctuation is within 0.08%. Due
to this, a stable signal with little noise is obtained from the
living body.

Eighth Embodiment

[0080] An eighth embodiment of the invention will now be
described referring to FIG. 11. Here, the semiconductor laser
130 has increased optical feedback tolerance by generating a
pulsation by providing a saturable absorbing area near the
facet that emits light. To stabilize the optical output, for
example, in the same way as in the construction of F1G. 2, the
semiconductor lasers may be driven at different frequencies,
and the signals from the monitor PD may be separated by a
lock-in-amplifier.

[0081] The optical source in this embodiment is used in
proximity to the living body at a distance of several mm, and
since the operating temperature is maintained at approxi-
mately 40° C., the wavelength fluctuation is small, and the
fluctuation was within 5 nm for each light-emitting device.
Due to pulsation, the optical feedback does not couple easily,
and the optical output fluctuation was within 0.08%. Hence, a
stable signal with little noise can be obtained from the living
body.

Ninth Embodiment

[0082] A ninth embodiment will be described using a cross-
sectional structural view (FIG. 12) of the semiconductor laser.
On a predetermined n-type GaAs substrate 201, an n-type
GaAsbuffer layer 202, ann-type AlGalnP cladding layer 203,
an n-type AlGalnP optical guiding layer 204, a strained quan-
tum well active layer 205, a p-type AlGalnP optical guiding
layer 206, a first p-type AlGalnP cladding layer 207, a second
p-type AlGalnP cladding layer 208, a p-type GalnP capping
layer 209 and a p-type GaAs capping layer 210 are grown
sequentially by the MOVPE method. The second p-type
AlGalnP cladding layer 208, p-type GalnP capping layer 209
and p-type GaAs capping layer 210 are formed in a striped
shape by a predetermined etching, the side walls of the stripes
being subjected to passivation by a dielectric film 211. On the
p-type GaAs capping layer 210, a p-side electrode 212 is
formed, and on the n-type GaAs substrate 201, an n-side
electrode 213 is formed.

[0083] According to the ninth embodiment, the strained
quantum well layer 205 has an In,, sGa, sAs, | 4P ¢4 quantum
well (compressive strain 0.7%), and a (Al; sGags), s1ng sP
barrier layer. In this case, a semiconductor laser device oscil-
lating at a wavelength of 705 nm is obtained by adjusting the
quantum well thickness to within 7 to 12 nm.

[0084] By applying this to the semiconductor laser 1 of the
first embodiment, a light source suitable for living body mea-
surement can be supplied.

Tenth Embodiment

[0085] A tenth embodiment will be described using the
cross-sectional structural view (FIG. 12) of the semiconduc-
tor laser. According to this embodiment, the strained quantum
well layer 205 has an In, Ga, sAsg 5,P, ¢4 quantum well
(compressive strain 1.2%), and an (Al, ;Ga, 5), sIn, 5P bar-
rier layer. In this case, a semiconductor laser device oscillat-
ing at a wavelength of 755 nm is obtained by adjusting the
quantum well thickness to within 7 to 12 nm.
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[0086] By applying this to the semiconductor laser 2 of the
first embodiment, a light source suitable for living body mea-
surement can be supplied.

[0087] The GaAs substrate 201 may be an off substrate
wherein the surface orientation is inclined from the (100)
planeto the <011> direction. The strained quantum well layer
205, may be a strain compensated structure in which a tensile
strength 1s applied to the barrier layer. The strain of the
InGaAsP quantum well layer can be determined experimen-
tally to evaluate characteristics and reliability. As a result of
theoretical calculation and experiment, it has been found that
0.4%=e=1.4% is preferred regardless of wavelength. Par-
ticularly, in the case where the wavelength is from 700 nm to
720 nm, 0.4%=€=1.2% is preferred, and the optimum range
is 0.4%=€=0.9%. Also, in the case where the wavelength is
from 725 nm to 760 nm, it has been found that a strain in the
range of 0.6%=e=1.4% is preferred.

[0088] The semiconductor laser devices which can be
manufactured by this embodiment and its modifications are
as follows.

[0089] 1.A semiconductor laser device having a light-emit-
ting layer including an In, Ga,As P, , quantum well layer
having a lattice constant a,, in the surface and barrier layer
provided on a GaAs substrate having a lattice constant a,
wherein the strain € defined by e(*)=(a,~a)/ax100 satisfies
0.4%=e=1.4%, wherein y in the composition satisfies
0.1%=y=0.45, and the wavelength of the emitted light is
from 700 nm to 760 nm.

[0090] 2.A semiconductor laser device having a light-emit-
ting layer including an In, Ga,As P,  quantum well layer
having a lattice constant a,, in the surface and barrier layer
provided on a GaAs substrate having a lattice constant a,
wherein the strain € defined by €(%)=(a, ~a)/ax100 satisfies
0.4%=e=1.2%, wherein y in the composition satisfies
0.10=y=0.25, and the wavelength of the emitted light is from
700 nm to 730 nm.

[0091] 3.Asemiconductor laser device having a light-emit-
ting layer including an In, Ga As P,  quantum well layer
having a lattice constant a,, in the surface and barrier layer
provided on a GaAs substrate having a lattice constant a,
wherein the strain e defined by €(%)=(a,,—a)/ax100 satisfies
0.4%=€=0.9%, wherein y in the composition satisfies
0.10=y=0.20, and the wavelength of the emitted light is from
700 nm to 720 nm.

[0092] 4. A semiconductor laser device having a light-emit-
ting layer including an In, Ga,As P, quantum well layer
having a lattice constant a,, in the surface and barrier layer
provided on a GaAs substrate having a lattice constant a,
wherein the strain e defined by €(%)=(a,,—a)ax100 satisfies
0.4%=e=1.4%, wherein y in the composition satisfies
0.20=y=0.35, and the wavelength of the emitted light is from
700 nm to 760 nm.

[0093] 5.A semiconductor laser device having a light-emit-
ting layer including an In, Ga,As P, , quantum well layer
having a lattice constant a,, in the surface and barrier layer
provided on a GaAs substrate having a lattice constant a,
wherein the strain e defined by €(%)=(a,,~a)ax100 satisfies
0.1%=e=0.45%, wherein y in the composition satisfies
0.4=y=1, and the wavelength of the emitted light is from 700
nm to 760 nm.

[0094] 6. A semiconductor laser device having a light-emit-
ting layer including an In, ,Ga, As P, , quantum well layer
having a lattice constant a,, in the surface and barrier layer
provided on a predetermined GaAs substrate having a lattice
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constant a, wherein the strain € defined by €(%)=(a,,—a)/ax
100 satisfies 0.4%=e=1.2%, wherein y in the composition
satisfies 0.10=y=0.25, and the wavelength of the emitted
light is from 700 nm to 730 nm.

[0095] 7.A semiconductor laser device having a light-emit-
ting layer including an In, ,Ga,As P, , quantum well layer
having a lattice constant a,, in the surface and barrier layer
provided on a predetermined GaAs substrate having a lattice
constant a, wherein the strain € defined by €(%)=(a, -a)/ax
100 satisfies 0.4%=€=0.9%, wherein y in the composition
satisfies 0.10=y=0.20, and the wavelength of the emitted
light is from 700 nm to 720 nm.

[0096] 8. A semiconductor laser device having a light-emit-
ting layer including an In, ,Ga, As P,  quantum well layer
having a lattice constant a,, in the surface and barrier layer
provided on a predetermined GaAs substrate having a lattice
constant a, wherein the strain € defined by €(%)=(a,,-a)/ax
100 satisfies 0.6%=e=1.4%, wherein y in the composition
satisfies 0.20=y=0.35, and the wavelength of the emitted
light is from 725 nm to 760 nm.

[0097] The present invention may be used as a high preci-
sion living body light measuring device and a light source
using plural wavelengths.

What is claimed is:

1. An optical measurement instrument for aliving body, the

instrument comprising:

a light source that emits a plurality of optical signals to the
surface of a living body. a light-receiving device that
detects the plurality of optical signals emitted from the
surface of the living body after they have passed through
the interior of the living body, and a signal separation
circuit that separates the plurality of optical signals for
each wavelength,

wherein the light source includes a plurality of semicon-
ductor light-emitting devices having mutually different
wavelengths from the visible to the infrared mounted on
a sub-mount, a driving circuit that controls the optical
signal output connected to the plurality of semiconduc-
tor light-emitting devices, and one optical output power
monitoring device that detects the optical signal outputs
emitted from the plurality of semiconductor light-emit-
ting devices, these elements being housed in one pack-
age,

a monitored signal circuit that separates the plurality of
optical signals detected by the optical output power
monitoring device for each wavelength, and

the optical signal output of the plurality of semiconductor
light-emitting devices is controlled by feeding the opti-
cal signals having different wavelengths separated via
the monitored signal separation circuit back to the driv-
ing circuit connected to the semiconductor light-emit-
ting devices that emit the wavelengths.

2. The optical measurement instrument for a living body
according to claim 1, wherein the optical signals emitted from
the plurality of semiconductor light-emitting devices contain
two wavelengths selected so that the difference between the
absorption coefficient for each wavelength of the optical sig-
nals emitted from the plurality of semiconductor light-emit-
ting devices to a plurality of biological materials forming the
living body is greater than a predetermined value, and at least
one wavelength intermediate between these two wavelengths.
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3. The optical measurement instrument for a living body
according to claim 1, wherein the shortest wavelength among
the wavelengths of the plurality of optical signals is 705+5
nm.

4. The optical measurement instrument for a living body
according to claim 1, wherein the plurality of optical signals
have wavelengths including 755+5 nm.

5. The optical measurement instrument for a living body
according to claim 1, wherein the light source and light-
receiving device are disposed at a distance at which the tem-
perature of the living body can be detected.

6. The optical measurement instrument for a living body
according to claim 5, having a device to cause the light emit-
ted from the semiconductor light-emitting devices to diverge.

7. The optical measurement instrument for a living body
according to claim 5, wherein the wavelength fluctuation of
the semiconductor light-emitting devices in the usage envi-
ronment is within +5 nm for each semiconductor light-emit-
ting device.

8. The optical measurement instrument for a living body
according to claim 5, wherein the reflectance of a light-emit-
ting facet at the wavelength of the light emitted from the
light-emitting facet, is 50% or more.

9. The optical measurement instrument for a living body
according to claim 5, wherein the semiconductor light-emit-
ting devices perform self-pulsation.

10. The optical measurement instrument for a living body
according to claim 1, wherein at least one of the semiconduc-
tor light-emitting devices has an emission layer including an
In, Ga As P, quantum well layer having a lattice constant
a,, in the surface and a barrier layer provided on a GaAs
substrate having a lattice constant a,

wherein the emission layer is such that the strain e defined

by €(%)=(a,,~a)/ax100 satisfies 0.4%=e=1.4%,
wherein y in the composition satisfies 0.10=y=0.45,
and the wavelength of the emitted light is from 700 nm
to 760 nm.

11. The optical measurement instrument for a living body
according to claim 1, wherein at least one of the semiconduc-
tor light-emitting devices has an emission layer including an
In, ,Ga,As P, _, quantum well layer having a lattice constant
a,, in the surface and a barrier layer provided on a GaAs
substrate having a lattice constant a,

wherein the emission layer is such that the strain € defined

by €(%)=(a,~a)/ax100 satisfies 0.4%=e=1.2%,
wherein y in the composition satisfies 0.10=y=0.25,
and the wavelength of the emitted light is from 700 nm
to 730 nm.

12. The optical measurement instrument for a living body
according to claim 1, wherein at least one of the semiconduc-
tor light-emitting devices has an emission layer including an
In, ,Ga,As P, _, quantum well layer having a lattice constant
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a,, in the surface and a barrier layer provided on a GaAs
substrate having a lattice constant a, wherein:

the emission layer is such that the strain € defined by

€(%)=(a,,~a)/ax100 satisfies 0.4%=e=0.9%, wherein y
in the composition satisfies 0.10=y=0.20, and the
wavelength of the emitted light is from 700 nm to 720
m.

13. The optical measurement instrument for a living body
according to claim 1, wherein at least one of the semiconduc-
tor light-emitting devices has an emission layer including an
In, Ga,As P, quantum well layer having a lattice constant
a,, in the surface and a barrier layer provided on a GaAs
substrate having a lattice constant a,

wherein the emission layer is such that the strain € defined

by €(%)=(a,-a)/ax100 satisfies 0.6%=e=1.4%,
wherein y in the composition satisfies 0.20=y=350.35,
and the wavelength of the emitted light is from 725 nm
to 760 nm.

14. A semiconductor laser installation, wherein a plurality
of laser devices respectively emitting two wavelengths such
that the difference between the absorption coefficient for each
wavelength of the measurement light of a plurality of biologi-
cal materials forming the living body to be measured is
greater than a predetermined value, and at least one wave-
length intermediate between these two wavelengths, are
mounted in one package.

15. The semiconductor laser installation according to claim
14, wherein the shortest wavelength among the plurality of
wavelengths of the laser installation is 7055 nm.

16. The semiconductor laser installation according to claim
14, wherein the plurality of wavelengths includes the wave-
length of 755£5 nm.

17. The semiconductor laser installation according to claim
14, having a device that causes a laser beam emitted from the
laser devices to diverge.

18. The semiconductor laser installation according to claim
14, wherein the wavelength fluctuation according to the usage
environment of each device forming the laser installation is
within 5 nm.

19. The semiconductor laser installation according to claim
14, wherein at least one of the devices forming the laser
installation has an emission layer including an In Ga,-
As P, quantum well layer having a lattice constant a,,in the
surface and a barrier layer provided on a GaAs substrate
having a lattice constant a,

wherein the emission layer is such that the strain € defined

by €(%)=(a,,_ 4100 satistles 0.4%=e=1.4%, wherein
y in the composition satisfies 0.10=y=0.45, and the
wavelength of the emitted light is from 700 nm to 760
nm.
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