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FIG . 1 
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LIGHT EMITTING AND RECEIVING 
APPARATUS AND METHOD OF 
DIAGNOSING DETERIORATION 

TECHNICAL FIELD 

[ 0001 ] The present disclosure relates to a light emitting 
and receiving apparatus and a method of diagnosing dete 
rioration . 

BACKGROUND 

[ 0002 ] A known gas detection apparatus includes a light 
emitting element that emits infrared light and a light 
receiving element that receives infrared light that has passed 
through a target gas ( such as CO2 gas ) . The gas detection 
apparatus can measure the concentration of the gas that 
absorb infrared light . The gas detection apparatus is cali 
brated at predetermined periods set in advance ( such weekly 
or yearly ) considering factors such as deterioration over time 
of the light - emitting element . 
[ 0003 ] Patent literature ( PTL ) 1 , for example , discloses an 
optical recording medium detection system that periodically 
corrects the drive current of a light - emitting element on 
daily calibration . The amount of light irradiated onto a 
light - receiving unit is maintained at the predetermined value 
set at initial calibration . 

light - emitting element and acquire the detection current 
from the light - receiving element , and a calculator . The 
controller is configured to acquire a first detection current 
from the light - receiving element when supplying a first drive 
current to the light - emitting element and acquire a second 
detection current from the light - receiving element when 
supplying a second drive current to the light - emitting ele 
ment . The calculator is configured to generate a signal 
indicating deterioration of the light - emitting element when a 
reference value and an aging value satisfy a deterioration 
judgment condition , the age value being a ratio between the 
first detection current and the second detection current . 
[ 0009 ] A method according to the present disclosure is a 
method of diagnosing deterioration of a light - emitting ele 
ment , the method being performed by a light emitting and 
receiving apparatus including a light - emitting element con 
figured to output light of an amount corresponding to a drive 
current and a light - receiving element configured to receive 
light from the light - emitting element and output a detection 
current corresponding to an amount of received light . The 
method includes supplying the drive current to the light 
emitting element and acquiring the detection current from 
the light - receiving element , acquiring a first detection cur 
rent from the light - receiving element when a first drive 
current is supplied to the light - emitting element , acquiring a 
second detection current from the light - receiving element 
when a second drive current is supplied to the light - emitting 
element , and generating a signal indicating deterioration of 
the light - emitting element when a reference value and an 
aging value satisfy a deterioration judgment condition , the 
age value being a ratio between the first detection current 
and the second detection current . 
[ 0010 ] The present disclosure can improve the detection 
accuracy of a light emitting and receiving apparatus . 

CITATION LIST 

Patent Literature 

[ 0004 ] PTL 1 : JP2006-46940A 
SUMMARY 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0005 ] It was difficult , however , to diagnose the deterio 
ration of a light - emitting element easily and accurately in a 
known light emitting and receiving apparatus . Therefore , it 
has been necessary to judge the deterioration of the light 
emitting element based on characteristics other than light , 
such as a forward voltage of the light - emitting element when 
a drive current inputs to the light - emitting element and a 
reverse current of the light - emitting element when a reverse 
voltage applies to the light source . But these characteristics 
have temperature - dependency . These temperature depen 
dencies make the diagnosing of deterioration complicated 
and difficult . It is not suitable for diagnosing easily and 
accurately . 
[ 0006 ] One possible calibration method would be to pre 
dict degradation from the driving period and then calibrate , 
as in a calibration method for regular , yearly calibration . 
Since the degree of degradation varies in each device and 
depends on the environment of usage , however , calibration 
might not be performed when necessary with this method . 
Therefore , the detection accuracy of the light emitting and 
receiving apparatus may be inaccurate . 
[ 0007 ] The present disclosure therefore aims to improve 
the detection accuracy of a light emitting and receiving 
apparatus . 
[ 0008 ] A light emitting and receiving apparatus according 
to the present disclosure includes a light - emitting element 
configured to output light of an amount corresponding to a 
drive current , a light - receiving element configured to receive 
light from the light - emitting element and output a detection 
current corresponding to an amount of received light , a 
controller configured to supply the drive current to the 

[ 0011 ] In the accompanying drawings : 
[ 0012 ] FIG . 1 illustrates an example of the configuration 
of a light emitting and receiving apparatus according to the 
present embodiment ; 
[ 0013 ] FIG . 2 is a flowchart illustrating an example of a 
method of diagnosing deterioration according to the present 
embodiment ; 
[ 0014 ] FIG . 3 is a flowchart illustrating an example of a 
method of diagnosing deterioration according to a first 
modification ; 
[ 0015 ] FIG . 4 is a flowchart illustrating an example of a 
method of diagnosing deterioration according to a second 
modification ; and 
[ 0016 ] FIG . 5 is a flowchart illustrating an example of a 
method of diagnosing deterioration according to a third 
modification . 

DETAILED DESCRIPTION 

are [ 0017 ] Embodiments of the present disclosure 
described in detail below with reference to the drawings . 
[ 0018 ] < Configuration of Light Emitting and Receiving 
Apparatus > 
[ 0019 ] A light emitting and receiving apparatus 100 
according to the present embodiment is now described with 
reference to FIG . 1. FIG . 1 illustrates an example of the 
configuration of the light emitting and receiving apparatus 
100 according to the present embodiment . 
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[ 0020 ] As illustrated in FIG . 1 , the light emitting and 
receiving apparatus 100 includes a light - emitting element 
10 , a light - receiving element 20 , a controller 30 , and a 
calculator 40 . 
[ 0021 ] The light - emitting element 10 emits light in accor 
dance with a drive current supplied from the controller 30 . 
The light - emitting element 10 emits light with a wavelength 
longer than 0.7 um , for example . When the light emitting 
and receiving apparatus 100 is a gas detection apparatus , for 
example , the predetermined light is preferably light of a 
wavelength region that includes a wavelength absorbed by a 
gas to be detected , such as CO2 gas . This wavelength region 
may , for example , be near 4.3 um . 
[ 0022 ] The light - emitting element 10 is , for example , a 
light - emitting diode ( LED ) , a semiconductor laser , a micro 
electro mechanical systems ( MEMS ) heater , or the like . The 
light - emitting element 10 is particularly preferably an LED . 
[ 0023 ] The reason why the deterioration rate of the light 
emitting element 10 depends on the drive current supplied to 
the light - emitting element 10 is now described briefly . 
Degradation of the light - emitting element 10 is thought to 
depend on a reduction in the internal quantum efficiency due 
to crystal defects . The internal quantum efficiency Niro is 
proportional to Expression ( 1 ) below . 

( 1 ) 
NIRQ 

Bn2 
An + Bn2 + Cn3 

[ 0024 ] In Expression ( 1 ) , A represents the Shockley - Read 
Hall ( SRH ) recombination coefficient , B represents the 
light - emission recombination coefficient , C represents the 
Auger recombination coefficient , and n represents the carrier 
density . 
[ 0025 ] Since A is most affected by crystal defects , it is 
clear from Expression ( 1 ) that the internal quantum effi 
ciency is dependent on the drive current supplied to the 
light - emitting element 10. In other words , it is clear that the 
deterioration rate of the light - emitting element 10 depends 
on the drive current supplied to the light - emitting element 
10 . 
[ 0026 ] The light - receiving element 20 receives at least a 
portion of the predetermined light emitted by the light 
emitting element 10 and outputs a detection current corre 
sponding to the amount of received light to the controller 30 . 
For example , the light - receiving element 20 receives at least 
a portion of light in a wavelength region including a wave 
length longer than 0.7 um and outputs a detection current 
corresponding to the amount of received light to the con 
troller 30. When the light emitting and receiving apparatus 
100 is a gas detection apparatus , for example , the light 
receiving element 20 may be configured to be capable of 
receiving light of a wavelength region that includes a 
wavelength absorbed by a gas to be detected , such as CO2 
gas . This wavelength region may , for example , be near 4.3 
um . 
[ 0027 ] The light - receiving element 20 is , for example , a 
quantum sensor , a quantum infrared sensor , a thermal infra 
red sensor , or the like . Examples of a quantum infrared 
sensor include a phototube , a photodiode , and a phototran 
sistor . Examples of a thermal infrared sensor include a 
pyroelectric sensor , a thermopile , and a bolometer . 
[ 0028 ] The light - receiving element 20 may be formed on 
the same substrate as the light - emitting element 10. When 

the light - receiving element 20 and the light - emitting element 
10 are formed on the same substrate , separate substrates 
need not be prepared , which can reduce manufacturing 
costs . 
[ 0029 ] The light - receiving element 20 may further include 
an optical filter that has the function of transmitting a certain 
wavelength of light . Examples of the optical filter include a 
bandpass filter that transmits light in a wavelength region 
near 4.3 um . 
[ 0030 ] The controller 30 supplies drive current to the 
light - emitting element 10 and acquires a detection current 
from the light - receiving element 20. The controller 30 also 
converts the detection current acquired from the light 
receiving element 20 to a signal which is able to be pro 
cessed by the calculator 40. The controller 30 is , for 
example , an analog front end ( AFE ) . The AFE may be 
configured by a single AFE circuit or a combination of a 
plurality of AFE circuits . 
[ 0031 ] The controller 30 supplies two types of drive 
currents with different values ( the first drive current and 
second drive current described below ) , for example , to the 
light - emitting element 10. As described above , the deterio 
ration rate of the light - emitting element , as the deterioration 
affects the internal quantum efficiency , 10 depends on the 
drive current supplied to the light - emitting element 10 . 
Accordingly , by the controller 30 supplying two types of 
drive currents with different values to the light - emitting 
element 10 , the calculator 40 can judge the deterioration 
state of the light - emitting element 10 based on the ratio of 
the deterioration rates of the light - emitting element 10. The 
calculator 40 can also generate a signal indicating deterio 
ration based on a deterioration judgment condition , 
described below . Instead of only two types of drive currents 
with different values , the controller 30 can also supply a 
plurality of types of drive currents with different values to 
the light - emitting element 10 . 
[ 0032 ] When the controller 30 supplies the first drive 
current to the light - emitting element 10 at a predetermined 
timing , for example , the controller 30 acquires a first detec 
tion current from the light - receiving element 20. When the 
controller 30 supplies the second drive current to the light 
emitting element 10 at a predetermined timing , for example , 
the controller 30 acquires a second detection current from 
the light - receiving element 20. The predetermined timing is 
the time when the calculator 40 calculates a reference value 
for an aging value , described below . 
[ 0033 ] A first detection current Ipi at the predetermined 
timing can be represented by Expression ( 2 ) below . 

Ipi = Op1 ( 12 ) * R , * T , * Tabs ( 2 ) 

[ 0034 ] A second detection current Ip2 at the predetermined 
timing can be represented by Expression ( 3 ) below . 

1p2 = 02 ( 12 ) * R , * 7 * Tabs ( 3 ) 

[ 0035 ] I , represents the first drive current supplied to the 
light - emitting element 10. 12 represents the second drive 
current supplied to the light - emitting element 10. Op? rep 
resents the amount of light emitted by the light - emitting 
element 10 with respect to the first drive current 14. O , 
represents the amount of light emitted by the light - emitting 
element 10 with respect to the second drive current 12. R2 
represents the sensitivity of the sensor . Tz represents the light 
guiding efficiency assuming that a light guiding mechanism 
( such as a light guide ) is included . Tabs represents the light 
decay rate due to gas . 

p2 
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[ 0036 ] The controller 30 acquires the first detection cur 
rent Ipi and the second detection current 1p2 substantially 
simultaneously . For example , the controller 30 acquires the 
first detection current Ip? and the second detection current Ip2 
so that the interval between the acquisition time of the first 
detection current Ip? and the acquisition time of the second 
detection current Ip2 is 10 seconds or less . The controller 30 
can thereby acquire the first detection current Ipi and the 
second detection current 1p2 while the temperature of the 
light - emitting element 10 does not significantly change . This 
enables the calculator 40 to accurately calculate a value 
necessary for determining the timing of calibration ( a com 
parison between the reference value and the aging value , 
described below ) . 
[ 0037 ] By the controller 30 acquiring the first detection 
current Ipi and the second detection current 1p2 substantially 
simultaneously , the calculator 40 can calculate the ratio 
between these currents ( the reference value described 
below ) without taking into account values such as the light 
transmission efficiency , the light decay rate due to gas , and 
the decay of reflectance of the gas cell . Accordingly , the 
calculator 40 can easily and accurately calculate the value 
necessary for determining the timing of calibration . In a 
measurement environment in which the temperature of the 
light - emitting element 10 rises rapidly over a very short 
time , the controller 30 may first acquire the first detection 
current Ipi and then acquire the second detection current 1p2 
after the measurement environment stabilizes . 
[ 0038 ] When the controller 30 supplies the first drive 
current to the light - emitting element 10 after a predeter 
mined length of time has elapsed from the predetermined 
timing , for example , the controller 30 acquires the first 
detection current from the light - receiving element 20. When 
the controller 30 supplies the second drive current to the 
light - emitting element 10 after the predetermined length of 
time has elapsed from the predetermined timing , for 
example , the controller 30 acquires the second detection 
current from the light - receiving element 20 . 
[ 0039 ] A first detection current l'pi after a predetermined 
period has elapsed from the predetermined timing can be 
represented by Expression ( 4 ) below . 

[ 0042 ] As when acquiring the first detection current Ipi 
and the second detection current Ip2 , the controller 30 
acquires the first detection current I'pi and the second detec 
tion current I'p2 substantially simultaneously . For example , 
the controller 30 acquires the first detection current I'pi and 
the second detection current I'p2 substantially simultane 
ously so that the interval between the acquisition time of the 
first detection current I'pi and the acquisition time of the 
second detection current I'p2 is 10 seconds or less . The 
controller 30 can thereby acquire the first detection current 
I ' ,, and the second detection current I'v2 while the tempera 
ture of the light - emitting element 10 does not significantly 
change . This enables the calculator 40 to accurately calcu 
late a value necessary for determining the timing of cali 
bration . 
043 ] By the controller 30 acquiring the frst detection 

current_and the second detection current_substantially 
simultaneously , the calculator 40 can calculate the ratio 
between these currents ( the aging value described below ) 
without taking into account values such as the light trans 
mission efficiency , the light decay rate due to gas , and the 
decay of reflectance of the gas cell . Accordingly , the calcu 
lator 40 can easily and accurately calculate the value nec 
essary for determining the timing of calibration . 

The calculator includes CP , memory and the 
like , for example , and controls operations of each compo 
nent included in the light emitting and receiving apparatus 
100. The calculator 40 implements various processes by 
executing a predetermined program or the like loaded in 
memory . 
[ 0045 ] The calculator 40 calculates a reference value S 
that is the ratio between the first detection current Ip? 
acquired by the controller 30 at a predetermined timing and 
the second detection current Ip2 acquired by the controller 30 at the predetermined timing . 
[ 0046 ] The reference value S can be represented by 
Expression ( 6 ) below , based on Expressions ( 2 ) and ( 3 ) . 

( 6 ) S 

I'p1 = Q , * Op1 ( 11 ) * R , * T ' , * T'a ! abs ( 4 ) 

[ 0040 ] A second detection current l'p2 after a predeter 
mined period has elapsed from the predetermined timing can 
be represented by Expression ( 5 ) below . 

l'p2 = 22 * Op? ( 11 ) * R , * T * T'abs ( 5 ) 

07The calculator calculates an aging value that 
is the ratio between the first detection current l'pi acquired 
by the controller 30 after the predetermined length of time 
has elapsed from the predetermined timing and the second 
detection current I'p2 acquired by the controller 30 after the 
predetermined period has elapsed from the predetermined 
timing . 
[ 0048 ] The aging value P can be represented by Expres 
sion ( 7 ) below , based on Expressions ( 4 ) and ( 5 ) . 

Ilp1 a 1 
P = 

[ 0041 ] I represents the first drive current supplied to the 
light - emitting element 10. 12 represents the second drive 
current supplied to the light - emitting element 10. a , repre 
sents the deterioration rate from the predetermined timing 
when the first drive current is supplied to the light - emitting 
element 10. Az represents the deterioration rate from the 
predetermined timing when the second drive current is 
supplied to the light - emitting element 10.a * Opi represents 
the amount of light emitted by the light - emitting element 10 
with respect to the first drive current Il , 
sents the amount of light emitted by the light - emitting 
element 10 with respect to the second drive current 12. Rx 
represents the sensitivity of the sensor . T ' , represents the 
light transmission efficiency assuming that a light guiding 
mechanism ( such as a light guide ) is included . T'abs repre 
sents the light decay rate due to gas . 

11p2 a2 p2 

and az pa repre 
0049The calculator calculates the ratio between the 
reference value S and the aging value P based on Expres 
sions ( 6 ) and ( 7 ) . The ratio between the reference value S 
and the aging value P ( for example , aging value P / reference 
valu $ can be represented by Expression below based 
on Expressions ( 6 ) and ( 7 ) . 
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0 1 ( 8 ) 
P = 11 pl 

11p2 = 0 1 * S 
02 a2 

P a 1 
S a2 

current I'p1 

[ 0050 ] As described above , the reference value S is the 
ratio between the first detection current Ipi and the second 
detection current Ip2 at a predetermined timing ( such as time 
ty ) . The aging value Pis the ratio between the first detection 

and the second detection current I ' , after a 
predetermined period has elapsed from a predetermined 
timing ( for example , at time ty + 1 ) . The reference value S is 
not necessarily calculated by the calculator 40. The refer 
ence value S , for example , may instead be a certain value set 
in the controller 30 in advance . 
[ 0051 ] The calculator 40 judges whether the ratio between 
the reference value S and the aging value P is greater than 
a threshold ( first threshold ) T1 . The threshold T1 is , for 
example , set to be the result of dividing the deterioration rate 
ay from the predetermined timing when the first drive 
current is supplied to the light - emitting element 10 by the 
deterioration rate az from the predetermined timing when 
the second drive current is supplied to the light - emitting 
element 10 , i.e. Qy / ay . The calculator 40 compares the ratio 
between the reference value S and the aging value P to the 
threshold T , to judge whether a deterioration judgment 
condition J , is satisfied . Here , the deterioration judgment 
condition J , is the condition of the ratio between the refer 
ence value S and the aging value P being greater than the 
threshold T1 . 
[ 0052 ] When the deterioration judgment condition J , is 
satisfied , the calculator 40 generates a signal indicating 
deterioration . Conversely , when the deterioration judgment 
condition J , is not satisfied , the calculator 40 does not 
generate a signal indicating deterioration . The ratio between 
the reference value S and the aging value P changes as 
deterioration of the light - emitting element 10 progresses . 
Therefore , by the calculator 40 generating a signal indicating 
deterioration at the time when the deterioration judgment 
condition J , is satisfied , the light emitting and receiving 
apparatus 100 can request calibration at an appropriate 
timing . 
[ 0053 ] Alternatively , the calculator 40 may judge whether 
the ratio between the reference value S and the aging value 
P is equal to or less than a threshold ( second threshold ) T2 . 
The threshold T2 is , for example , set to be the result of 
dividing the deterioration rate a2 from the predetermined 
timing when the second drive current is supplied to the 
light - emitting element 10 by the deterioration rate ay from 
the predetermined timing when the first drive current is 
supplied to the light - emitting element 10 , i.e. a_la ,. The 
calculator 40 compares the ratio between the reference value 
S and the aging value P to the threshold T2 to judge whether 
a deterioration judgment condition J2 is satisfied . Here , the 
deterioration judgment condition J2 is the condition of the 
ratio between the reference value S and the aging value P 
being equal to or less than the threshold T2 . 
[ 0054 ] When the deterioration judgment condition J2 is 
satisfied , the calculator 40 generates a signal indicating 
deterioration . Conversely , when the deterioration judgment 
condition J2 is not satisfied , the calculator 40 does not 
generate a signal indicating deterioration . The ratio between 

the reference value S and the aging value P changes as 
deterioration of the light - emitting element 10 progresses . 
Therefore , by the calculator 40 generating a signal indicating 
deterioration at the time when the deterioration judgment 
condition J2 is satisfied , the light emitting and receiving 
apparatus 100 can request calibration at an appropriate 
timing . 
[ 0055 ] The thresholds are not limited to the above - de 
scribed threshold T , and threshold T2 and may be set freely 
by the user . The number of thresholds is not restricted , either . 
Any number of thresholds , one or more , may be set . When 
two thresholds are set ( first threshold , second threshold ) , for 
example , the deterioration judgment condition can be that 
the ratio between the reference value S and the aging value 
P be equal to or greater than the first threshold and equal to 
or less than the second threshold . 
[ 0056 ] The light emitting and receiving apparatus 100 may 
further include a storage 50. The storage 50 may be any 
component having the function of storing various informa 
tion , such as a DRAM , HDD , or the like . For example , the 
storage 50 stores the first detection current Ipi acquired by 
the controller 30 at the predetermined timing , the second 
detection current 1p2 acquired by the controller 30 at the predetermined timing , the reference value S that is the ratio 
between the first detection current Ip? acquired by the 
controller 30 at the predetermined timing and the second 
detection current 1p2 acquired by the controller 30 at the 
predetermined timing , the first detection current I'pi acquired 
by the controller 30 after the predetermined period has 
elapsed from the predetermined timing , the second detection 
current I'p2 acquired by the controller 30 after the predeter 
mined period has elapsed from the predetermined timing , 
the aging value P that is the ratio between the first detection 
current I'pi acquired by the controller 30 after the predeter 
mined period has elapsed from the predetermined timing and 
the second detection current I'p2 acquired by the controller 
30 after the predetermined period has elapsed from the 
predetermined timing , various programs and information 
necessary for the calculator 40 to execute various processes , 
and the like . The storage 50 may be provided inside the 
calculator 40 . 
[ 0057 ] Instead of storing just one of each of the first 
detection current 1p1 , the second detection current 1p2 , the 
reference value S , the first detection current I'p1 , the second 
detection current I ' , the aging value P , and the like , the 
storage 50 may store a plurality of each of these values . 
[ 0058 ] The light emitting and receiving apparatus 100 may 
further include a communication interface 60. For example , 
the communication interface 60 can communicate with an 
external apparatus in a wired or wireless manner and trans 
mit a signal requesting calibration of the light emitting and 
receiving apparatus 100 to the external apparatus based on 
an instruction signal inputted from the calculator 40. The 
user who operates the external apparatus can thereby rec 
ognize the need for calibration of the light emitting and 
receiving apparatus 100. Alternatively , the communication 
interface 60 may transmit a signal requesting calibration to 
the light emitting and receiving apparatus 100 itself so that 
self - calibration can be performed . In either case , calibration 
of the light emitting and receiving apparatus 100 can be 
performed at an appropriate timing . 
[ 0059 ] The communication interface 60 can transmit not 
only the calibration request signal but also various data 
inputted from the calculator 40 and information stored in the 

p2 
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of a light - emitting element . The knowledge of whether the 
light - emitting element has deteriorated can also be used to 
infer the cause of deterioration of the light emitting and 
receiving apparatus . If the light emitting and receiving 
apparatus includes a light - emitting element and a light 
receiving element , for example , it becomes possible to 
discern whether the element that has deteriorated is the 
light - emitting element or the light - receiving element . If the 
light emitting and receiving apparatus includes a light 
emitting element , a light guide , and a light - receiving ele 
ment , for example , it becomes possible to discern whether 
the cause of deterioration is deterioration of the light 
emitting element or deterioration of one of the light guide 
and the light - receiving element . In other words , the user can 
gain an indicator for judging which component should be 
replaced during maintenance . This can reduce unnecessary 
component replacement . 

an 

First Modification 

storage 50 to the external apparatus . On the basis of the data , 
the external apparatus can also cause a display to display 
predetermined information such as measurement results or 
the time calibration was performed . 
[ 0060 ] A universal asynchronous receiver transmitter 
( UART ) interface , for example , may be used in the com 
munication interface 60. The communication interface 60 
may , for example , be implemented via one or more of the 
following ; an external memory interface , a universal asyn 
chronous receiver / transmitter ( UART ) interface , 
enhanced serial peripheral interface ( eSPI ) , a general - pur 
pose input / output interface , a pulse code modification 
( PCM ) and / or inter - IC sound ( 12S ) interface , an inter - inte 
grated circuit ( 12C ) bus interface , a universal serial bus 
( USB ) interface , a Bluetooth interface , a ZigBee interface , 
an Infrared Data Association ( IrDA ) interface , and a wireless 
universal serial bus ( W - USB ) interface . The communication 
interface 60 is not limited to being implemented in these 
ways . 
[ 0061 ] The light emitting and receiving apparatus 100 
according to the present embodiment supplies two types of 
drive currents with different values to the light - emitting 
element 10 and uses the change in the ratio between the 
reference value S and the aging value P to determine the 
timing of calibration . Consequently , calibration is performed 
at an appropriate timing in all environments , which makes 
the detection accuracy of the light emitting and receiving 
apparatus 100 improved . 
[ 0062 ] < Method of Diagnosing Deterioration > 
[ 0063 ] A method of diagnosing deterioration according to 
the present embodiment is now described with reference to 
FIG . 2. FIG . 2 is a flowchart illustrating an example of a 
method of diagnosing deterioration . 
[ 0064 ] In step S201 , the controller 30 drives the light 
emitting element 10 at the first drive current and acquires the 
first detection current from the light - receiving element 20 . 
[ 0065 ] In step S202 , the controller 30 drives the light 
emitting element 10 at the second drive current and acquires 
the second detection current from the light - receiving ele 
ment 20 . 
[ 0066 ] In step S203 , the calculator 40 calculates the aging 
value , which is the ratio between the first detection current 
acquired in step S201 and the second detection current 
acquired in step S202 . 
[ 0067 ] In step S204 , the calculator 40 calculates the ratio 
between a reference value and the aging value calculated in 
step S203 and compares this ratio with the threshold T. The 
threshold T is a predetermined value set by the user . 
[ 0068 ] In step S205 , the calculator 40 judges whether the 
ratio between the reference value and the aging value is 
greater than the threshold T , i.e. whether the deterioration 
judgment condition is satisfied . When the calculator 40 
judges that the ratio between the reference value and the 
aging value is greater than the threshold T , i.e. that the 
deterioration judgment condition is satisfied , the process 
proceeds to step S206 . When the calculator 40 judges that 
the ratio between the reference value and the aging value is 
equal to or less than the threshold T , i.e. that the deterioration 
judgment condition is not satisfied , the process terminates . 
[ 0069 ] In step S206 , the calculator 40 generates a signal 
indicating deterioration . And the calculator 40 may outputs 
an instruction signal to the communication interface 60 . 
[ 0070 ] The above - described method of diagnosing dete 
rioration can easily and accurately diagnose the deterioration 

[ 0071 ] A method of diagnosing deterioration according to 
a first modification is now described with reference to FIG . 
3. FIG . 3 is a flowchart illustrating an example of a method 
of diagnosing deterioration . 
[ 0072 ] In step S201 , the controller 30 drives the light 
emitting element 10 at the first drive current and acquires the 
first detection current from the light - receiving element 20 . 
[ 0073 ] In step S202 , the controller 30 drives the light 
emitting element 10 at the second drive current and acquires 
the second detection current from the light - receiving ele 
ment 20 . 
[ 0074 ] In step S203 , the calculator 40 calculates the aging 
value , which is the ratio between the first detection current 
acquired in step S201 and the second detection current 
acquired in step S202 . 
[ 0075 ] In step S204 , the calculator 40 calculates the ratio 
between a reference value and the aging value calculated in 
step S203 and compares this ratio with the threshold The 
threshold T is a predetermined value set by the user . 
[ 0076 ] In step S205 , the calculator 40 judges whether the 
ratio between the reference value and the aging value is 
greater than the threshold T , i.e. whether the deterioration 
judgment condition is satisfied . When the calculator 40 
judges that the ratio between the reference value and the 
aging value is greater than the threshold T , i.e. that the 
deterioration judgment condition is satisfied , the process 
proceeds to step S206 . When the calculator 40 judges that 
the ratio between the reference value and the aging value is 
equal to or less than the threshold T , i.e. that the deterioration 
judgment condition is not satisfied , the process terminates . 
[ 0077 ] In step S206 , the calculator 40 generates a signal 
indicating deterioration . And the calculator 40 may outputs 
an instruction signal to the communication interface 60 . 
[ 0078 ] In step S207 , the calculator 40 uses the aging value 
calculated in step S203 to calculate a correction value for at 
least one of the first detection current and the second 
detection current . Specifically , the calculator 40 refers to a 
model , formulated in advance , of the deterioration correc 
tion value relative to the aging value to calculate a correction 
value for at least one of the first detection current and the 
second detection current . Here , the correction value may be 
calculated by a method of referring to a deterioration cor 
rection value quantified in advance relative to the aging 
value . 
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[ 0079 ] The method of diagnosing deterioration according 
to the first modification can easily and accurately diagnose 
the deterioration of a light - emitting element . 

Second Modification 

[ 0080 ] A method of diagnosing deterioration according to 
a second modification is now described with reference to 
FIG . 4. FIG . 4 is a flowchart illustrating an example of a 
method of diagnosing deterioration . 
[ 0081 ] In step S201 , the controller 30 drives the light 
emitting element 10 at the first drive current and acquires the 
first detection current from the light - receiving element 20 . 
[ 0082 ] In step S202 , the controller 30 drives the light 
emitting element 10 at the second drive current and acquires 
the second detection current from the light - receiving ele 
ment 20 . 

[ 0083 ] In step S203 , the calculator 40 calculates the aging 
value , which is the ratio between the first detection current 
acquired in step S201 and the second detection current 
acquired in step S202 . 
[ 0084 ] In step S204 , the calculator 40 calculates the ratio 
between a reference value and the aging value calculated in 
step S203 and compares this ratio with the threshold T. The 
threshold T is a predetermined value set by the user . 
[ 0085 ] In step S205 , the calculator 40 judges whether the 
ratio between the reference value and the aging value is 
greater than the threshold T , i.e. whether the deterioration 
judgment condition is satisfied . When the calculator 40 
judges that the ratio between the reference value and the 
aging value is greater than the threshold T , i.e. that the 
deterioration judgment condition is satisfied , the process 
proceeds to step S206 . When the calculator 40 judges that 
the ratio between the reference value and the aging value is 
equal to or less than the threshold T , i.e. that the deterioration 
judgment condition is not satisfied , the process terminates . 
[ 0086 ] In step S206 , the calculator 40 generates a signal 
indicating deterioration . And the calculator 40 may outputs 
an instruction signal to the communication interface 60 . 
[ 0087 ] In step S207A , the calculator 40 performs baseline 
correction . Specifically , this baseline correction is per 
formed by referring to a model , formulated in advance , of 
the deterioration correction value relative to the threshold T 
and using the obtained deterioration correction value to 
correct all subsequent detection currents . 
[ 0088 ] The method of diagnosing deterioration according 
to the second modification can easily and accurately diag 
nose the deterioration of a light - emitting element . 

[ 0092 ] In step S203 , the calculator 40 calculates the aging 
value , which is the ratio between the first detection current 
acquired in step S201 and the second detection current 
acquired in step S202 . 
[ 0093 ] In step S204 , the calculator 40 calculates the ratio 
between a reference value and the aging value calculated in 
step S203 and compares this ratio with the threshold T. The 
threshold T is a predetermined value set by the user . 
[ 0094 ] In step S205 , the calculator 40 judges whether the 
ratio between the reference value and the aging value is 
greater than the threshold T , i.e. whether the deterioration 
judgment condition is satisfied . When the calculator 40 
judges that the ratio between the reference value and the 
aging value is greater than the threshold T , i.e. that the 
deterioration judgment condition is satisfied , the process 
proceeds to step S206 . When the calculator 40 judges that 
the ratio between the reference value and the aging value is 
equal to or less than the threshold T , i.e. that the deterioration 
judgment condition is not satisfied , the process terminates . 
[ 0095 ] In step S206 , the calculator 40 generates a signal 
indicating deterioration . And the calculator 40 may outputs 
an instruction signal to the communication interface 60 . 
[ 0096 ] In step S207B , the controller 30 uses the aging 
value calculated in step S203 to adjust the first drive current 
and the second drive current . 
[ 0097 ] The method of diagnosing deterioration according 
to the third modification can easily and accurately diagnose 
the deterioration of a light - emitting element . 

Application of Embodiments 
[ 0098 ] The light emitting and receiving apparatus accord 
ing to the present embodiment can be applied to various 
devices , such as a gas sensor that is included in a building 
or measurement device to detect a particular gas concentra 
tion ; a gas sensor mounted in a portable communication 
device such as a mobile phone or a smart phone , a gas sensor 
that is included in a form of transportation such as an 
automobile , car , or airplane to detect gas concentration , an 
apparatus for detecting components of the substance ( such 
as water or a bodily fluid ) flowing through a light path space 
between a light - emitting element and light - receiving ele 
ment , a blood glucose concentration measurement appara 
tus , or the like . 

Other Modifications 

Third Modification 

[ 0089 ] A method of diagnosing deterioration according to 
a third modification is now described with reference to FIG . 
5. FIG . 5 is a flowchart illustrating an example of a method 
of diagnosing deterioration . 
[ 0090 ] In step S201 , the controller 30 drives the light 
emitting element 10 at the first drive current and acquires the 
first detection current from the light - receiving element 20 . 
[ 0091 ] In step S202 , the controller 30 drives the light 
emitting element 10 at the second drive current and acquires 
the second detection current from the light - receiving ele 
ment 20 . 

[ 0099 ] In the example described in the present embodi 
ment , the controller 30 and the calculator 40 are configured 
separately , but these components may be combined . 
[ 0100 ] The above embodiments have been described as 
representative examples , but it will be apparent to one of 
ordinary skill in the art that numerous modifications and 
replacements may be made within the spirit and scope of the 
present disclosure . Therefore , the present disclosure should 
not be interpreted as being restricted to the above embodi 
ments . A variety of changes and modifications may be made 
without departing from the scope of the appended claims . 
For example , a plurality of the structural blocks indicated in 
the diagrams of the embodiments may be combined into one , 
or one structural block may be divided into multiple parts . 

1. A light emitting and receiving apparatus comprising : 
a light - emitting element configured to output light of an 

amount corresponding to a drive current ; 
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a light - receiving element configured to receive light from 
the light - emitting element and output a detection cur 
rent corresponding to an amount of received light ; 

a controller configured to supply the drive current to the 
light - emitting element and acquire the detection current 
from the light - receiving element ; and 

a calculator ; 
wherein the controller is configured to 

acquire a first detection current from the light - receiving 
element when supplying a first drive current to the 
light - emitting element ; and 

acquire a second detection current from the light 
receiving element when supplying a second drive 
current to the light - emitting element ; and 

wherein the calculator is configured to generate a signal 
indicating deterioration of the light - emitting element 
when a reference value and an aging value satisfy a 
deterioration judgment condition , the aging value being 
a ratio between the first detection current and the 
second detection current . 

2. The light emitting and receiving apparatus of claim 1 , 
wherein the calculator is configured to 

calculate a reference value that is a ratio between the first 
detection current and the second detection current at a 
predetermined timing ; and 

calculate the aging value after a predetermined period 
elapses from the predetermined timing . 

3. The light emitting and receiving apparatus of claim 1 , 
further comprising a storage configured to store the refer 
ence value . 

4. The light emitting and receiving apparatus of claim 1 , 
further comprising : 

a communication interface configured to communicate 
with an apparatus for performing calibration ; 

wherein the calculator outputs the signal indicating dete 
rioration of the light - emitting element to the commu 
nication interface . 

5. The light emitting and receiving apparatus of claim 1 , 
wherein the calculator is configured to calculate a correction 
value for at least one of the first detection current and the 
second detection current using the aging value when the 
deterioration judgment condition is satisfied . 

6. The light emitting and receiving apparatus of claim 1 , 
wherein the calculator is configured to perform baseline 
correction when the deterioration judgment condition is 
satisfied . 

7. The light emitting and receiving apparatus of claim 1 , 
wherein the controller is configured to adjust the first drive 
current and the second drive current using the aging value 
when the deterioration judgment condition is satisfied . 

8. The light emitting and receiving apparatus of claim 1 , 
wherein the light - emitting element is a light - emitting diode 
or a semiconductor laser . 

9. The light emitting and receiving apparatus of claim 1 , 
wherein the light - emitting element emits light of a wave 
length longer than 0.7 um . 

10. The light emitting and receiving apparatus of claim 1 , 
wherein the light - receiving element is a quantum sensor or 
a quantum infrared sensor . 

11. The light emitting and receiving apparatus of claim 1 , 
wherein the light - emitting element and the light - receiving 
element are formed on a same substrate . 

12. The light emitting and receiving apparatus of claim 1 , 
wherein the deterioration judgment condition is that a ratio 
between the reference value and the aging value is greater 
than a first threshold . 

13. The light emitting and receiving apparatus of claim 1 , 
wherein the deterioration judgment condition is that a ratio 
between the reference value and the aging value is equal to 
or less than a second threshold . 

14. A method of diagnosing deterioration of a light 
emitting element , the method being performed by a light 
emitting and receiving apparatus comprising a light - emitting 
element configured to output light of an amount correspond 
ing to a drive current and a light - receiving element config 
ured to receive light from the light - emitting element and 
output a detection current corresponding to an amount of 
received light , the method comprising : 

supplying the drive current to the light - emitting element 
and acquiring the detection current from the light 
receiving element ; 

acquiring a first detection current from the light - receiving 
element when a first drive current is supplied to the 
light - emitting element ; 

acquiring a second detection current from the light 
receiving element when a second drive current is 
supplied to the light - emitting element ; and 

generating a signal indicating deterioration of the light 
emitting element when a reference value and an aging 
value satisfy a deterioration judgment condition , the 
aging value being a ratio between the first detection 
current and the second detection current . 

15. The method of diagnosing deterioration of claim 14 , 
further comprising calculating a correction value for at least 
one of the first detection current and the second detection 
current using the aging value when the deterioration judg 
ment condition is satisfied . 

16. The method of diagnosing deterioration of claim 14 , 
further comprising performing baseline correction when the 
deterioration judgment condition is satisfied . 

17. The method of diagnosing deterioration of claim 14 , 
further comprising adjusting the first drive current and the 
second drive current using the aging value when the dete 
rioration judgment condition is satisfied . 


