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Introduction1. 

Optical Sensing is a technology to observe mutual action 

occurring by irradiating an object with light and check the 

structure and characteristics of the object nondestructively.  

Recently, this technology is applied positively in the 

field of medical diagnosis, and OCT (Optical Coherence 

Tomography)1), blood glucose level check2), measurement of 

oxygen concentration in blood are studied.  These studies are 

intended to image the state of insides of the living organisms 

or the state of specific substances by utilizing permeability 

of light in the near-infrared region having wavelengths 

around 0.6 μm to 1.2 μm through living organisms.

In optical sensing, a broadband spectrum light source which 

is capable of emitting light of different wavelengths is used in 

order to increase the amount of data from the object.  Although 

there are a variety of broadband spectrum light sources, optical 

semiconductor devices are accepted as a promising light source 

which fulfills requirements of spectrum, luminance, optical 

focusing characteristics and cost, which is required as the 

light source for medical diagnosis.  The optical semiconductor 

device having such a broad spectrum is called a super 

luminescent diode (SLD), and is known as a device having 

high luminescence of semiconductor lasers and low coherence 

property of light-emitting diodes. 

The problem that we have when using the optical 

semiconductor is diff iculty in achievement of both 

broadband spectrum characteristics and high-power output 

characteristics.  Fig. 1 shows spectrum widths at a highest-

power output obtained when an SLD having one light-

emitting layer is operated at a current from 0 to 400 mA 

from one device length to another.  It is understood from 

Fig. 1 that an output power is improved with increase in 

the device length, but the spectrum width is decreased 

therewith.  This relates to a light-emitting principle of 

the SLD.  Spontaneous emission generated randomly in 

a semiconductor gain medium having a broad population 

inversion is amplified in the process of stimulated emission 

while it passes through the device, and is emitted as 

amplified spontaneous emission.  In Fig. 1, increasing the 

device length corresponds to increase of the process of 

stimulated emission.  However, as the stimulated emission 

emits (amplifies) light having the same wavelength, phase 

and polarization as the light entered from the outside, the 

output power is improved with increase in occasions of 

stimulated emission, but the spectrum is reduced because the 

components having the same wavelength is increased.  This 

means that the spectrum broadening and the high-power 

output has a trade-off relationship.

We employed a new device structure in order to cope 

with this problem, and the performances which go beyond 

the conventional trade-off were realized.  In this report, a 

technology which has realized the device performance and 

the spectrum broadening and the high-power output will be 

described.

Fig. 1   Change in the spectrum width as a function of output power.
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Device Structure2. 

The crystal growth of the optical semiconductor device 

was performed on a GaAs substrate on the basis of a low 

pressure MOVPE method.  The light-emitting layer employed 

was InGaAs quantum well layer which is capable of emitting 

light in the spectrum of 1.0 to 1.1 μm.  When taking the 

medical application into consideration, it is preferable to 

minimize the influence of water dispersion and absorbance 

of a portion which covers portion to be measured present in 

the living organisms.  This range of spectrum contributes to 

minimization of the influence with light having a spectrum 

of 1.0 μm3).

As a method of achieving both the spectrum broadening 

and the high-power output, we employed a configuration 

having a plurality of areas which emit light at different 

wavelengths in the vertical direction of the device and in 

the direction of device length (see Fig. 2).  This intends 

to achieve the spectrum broadening and the high-power 

output by combining light from areas having different light-

emitting spectra.  The plurality of light-emitting portions 

in this structure are designed so as to avoid overlapping 

of the respective gain spectra and hence generation of the 

stimulated emission by lights emitted therefrom is avoided.

Configuration with One Light-Emitting Portion
(Configuration in Fig. 1)

A Single Quantum Well Layer

Configuration with Two Light-Emitting Portions
(Device A)

Multiple Quantum Well Layers

Multiplexed in the Device Length Direction
(Device B)

Modulation on the basis of Selective Growth Method

Fig. 2   Schematic structure of SLD devices.

A selective growth method was employed as means for 

forming a plurality of light-emitting portions in the direction 

of the device length.  This is a crystal growth method which 

forms an insulating mask partly on a substrate and moves 

precursor from the area on the insulating mask to areas 

where the insulating mask is not formed to concentrate the 

precursor to desired areas as shown in Fig. 3.  Accordingly, 

the thickness and composition of the quantum well layer in 

the direction of the device length are controlled. 

There is an optical waveguide structure as a structure 

character ist ic in the broadband spect r um opt ical 

semiconductor device.  In this structure, the optical 

waveguide is inclined at several degrees in the direction 

vertical to an end surface and a reflection preventing film is 

provided, so that formation of resonator due to end surface 

ref lection of the device is restrained and oscillation is 

reduced.  In this case, the waveguide having a width of  

3.0 μm is inclined at an angle of 6 degrees.  The device chip 

was mounted with junction-up configuration on the AlN sub 

mount, and was mounted on a carrier (Photo 1-(a)). 

Source
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precursor 
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precursor 
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Fig. 3   Crystal growth method of device B.

  Photo 1 Photograph of light source.
   (a) Broadband emitting device 
   (b) Broadband emitting module
   (c) Wavelength swept laser unit
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Broadband Spectrum Characteristics3. 

 In order to prove the effect of the multiplexing of the 

light-emitting areas on the spectrum and the output power 

characteristics, a device A and a device B shown in Fig. 2 are 

produced.  Evaluation is performed by driving the devices at 

0 to 400 mA and measuring the light-emitting wavelength 

width at the maximum output value in the same manner as in 

Fig. 1.  Emission spectra of the respective devices are shown 

in Fig. 4.  With the same device length (1.5 mm), the device A 

demonstrates 1.4 times in spectrum and 1.65 times in output 

with respect to the characteristics shown in Fig. 1.  The 

device B (device length 1.0 mm × 3 areas) demonstrates 155 nm, 

which is 1.9 times in spectrum, even though the output power 

is on the order of 1 mW, which is not much different from the 

device length of 1.0 mm.  

Fig. 4   Spontaneous emission spectra.

Fig. 5 Output power versus spectrum widths for devices with 
multi-emission areas. 

The comparison of this result with Fig. 1 is shown in Fig .5.  

From Fig. 5, it is understood that the performance which go 

beyond the “trade-off between the spectrum and the output 

power characteristics”, which could not be obtained with the 

device having only one light-emitting portion, is obtained 

owing to the multiplexed light-emitting portions.

Tuning Characteristics4. 

As the broadband spectrum light source for optical 

sensing, a “wavelength tunable light source which is able 

to tune the wavelength of the laser beam in a broadband” is 

also used often instead of the “light source which emits light 

having broadband wavelengths at once” described thus far.  

Therefore, we made a test model of the wavelength tunable 

light source using the structural device A.

A ring laser type external resonator structure shown in 

Fig. 6 was employed as a wavelength tunable system.  The 

operation principle will be described below.  Broadband light 

emitted from the optical semiconductor device is filtered 

by a wavelength filter and only a component of light having 

a specific wavelength passed therethrough goes around 

the ring, and is returned back to the optical semiconductor 

device again.  The returned light is amplified by the optical 

semiconductor device, and goes around the ring laser again.  

This behavior is repeated, and when the loss in the resonator 

and gain of the optical semiconductor device are balanced, 

laser oscillation occurs.

Optical 
Semiconductor 
Device

Optical Isolator

Optical Coupler

Light Output

Wavelength Filter

Fig. 6   Configuration of the wavelength swept laser.

This laser beam can be taken out by an optical coupler.  

Then, the wavelength of the laser beam can be tuned by 

tuning the transparent wavelength of the wavelength filter.  

The respective components which constitute the ring 

laser are connected by optical fibers to reduce the influence 

of vibrations and environmental change on the laser 

characteristics.  By employing a configuration in which the 

device and the optical fiber are integrated into a package as 

shown in Photo 1 for the optical semiconductor device, an 

optical path between the device and the optical fiber can be 

stabilized (photo 1-(b)).
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Fig. 7 shows the output light from the ring laser at 

different wavelengths by tuning the wavelength filter.  A 

dielectric multilayer filter which allows manual variation of 

the transparent wavelength was employed as the wavelength 

filter, and the driving conditions of the device were set to 

25°C, 400 mA.  When the tunable width was set to an output 

power of 1 mW or higher, a tunable width of 110nm was 

obtained, and even when it is set to an output power of  

10 mW or higher, a tunable width of 90 nm was obtained.  In 

addition, the evaluation of the fast tuning characteristics was 

conducted using Fabry-Perot wavelength f ilter, and we 

confirmed that substantially the same output power and the 

tuning characteristics as the manual tuning was obtained at a 

scanning speed of 2 kHz.

Fig. 7   Laser spectra at different wavelengths.

Reliability of SLD Device5. 

 Super-luminescent Diode is high in driving current in 

comparison with the semiconductor laser and low in power-

light conversion efficiency because it does not involve 

oscillation.  Therefore, it is considered that the operating 

life performance is inferior to the semiconductor laser.  

The InGaAs active layer which emits light in a spectrum 

from 1.0 to 1.1 μm, internally includes distortion due to 

lattice mismatch.  From this point as well, the operating life 

performance is concerned about.

Therefore, degradation mode analysis of the device A 

fabricated this time was conducted first.  Fig. 8 shows a 

change with time of current-light output power characteristics 

when the device is operated at 30 mW, 25°C, and APC 

(with constant output power) drive.  It is apparent from 

this drawing that the maximum optical output value is 

decreased with time, and when it matches the drive output, 

the device breaks down.  This result indicates that the factor 

of the degradation of this device is not an abrupt degradation 

due to the catastrophic optical mirror damage observed 

in semiconductor laser in the same spectrum, but slow 

degradation in the interior of the device. 

A result of the life test of the device whose structure is 

optimized on the basis of this result will be shown in Fig. 9.  

A life test was carried out with a constant output power of  

30 mW at a temperature of 25°C.  It is elapsed already 4,500 

hours at the moment, but stable operation is continued 

without remarkable degradation even though the drive current 

value is as high as approx. 400 mA. 

Change with Time

(Device Break Down)

Fig. 8 Light output versus current characteristics of SLD devices 
with various aging times.

30mW, 25°C, APC driven, 
Junction-up Mount

Fig. 9   Lifetime test results for 1050nm band SLD devices.

Conclusion6. 

 The broadband spectrum optical semiconductor device of 

a spectrum 1.0 μm was developed as the light source for the 

optical sensing.  Although the spectrum broadening and the 

high-power output are in the trade-off relationship, we have 

successfully obtained performances which go beyond the 

trade-off by introducing the new device design.
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