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A study of light emission phenomena using fluctuational electromagnetic simulation
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In this study, we focused on a thermophotonics (TPX) power generation system using semiconductor light
emitting diodes (LEDs). This is characterized by using LEDs as the emitter. In LEDs, by applying a voltage to
bring them into an unbalanced state, light emission called electroluminescence, which is different from blackbody
radiation according to Planck's law, is generated. Therefore, there is a possibility that highly efficient energy
transportation can be performed even in a distant field. The TPX system is a power generation method with a large
power density. It can also be applied as a cooler by devising how to apply bias.

Keywords: thermophotonics, light emitting diodes, electroluminescence, power generation

BEREBW

B #HRARRTORRGIELICHL, ITRILF
—HEDOEM, {LARH OB OHBKERIENKE
BEELGOTVS. BICRBRARBXDEELREIC
&Y, REFAIRIILF—DERLHD. CDLSGHR
Ko, IRLF—FIAOESHRIEOCEAIRILF—
[CEOTEAHENIBERREIRILF—DORAITE
BOEF-TLS.

NODBEEDFERED—DELT, EiFHZEHNE
TN HE (Near-field Thermophotovoltaic ; NTPV)
AT LDHS. NTPV D RT LTI, KBHAFEZITT
BLIBDHRLGESHRGRBELNFATETHD.
BREF, KBARBEREEEVFTLGLAD, KEE
RBIIVRICE-ST PV LILOERERREICES

LIRSS AEMHF T HETEDERLGRENTED.

LAL, I=vHE PV wILEIDERE T/ A—NLRYT
—ILTHEFTIRLENDHY, BABENNDSILEND
FIREENHS.

ZITCAMETIE, #HFEHEKFEALFEF (light
emitting diode ; LED)Z AWz AT+ F=V X

(Thermophotonics ; TPX)EEL AT AIZEBLT:.

ML NTPV ELRTLERRY, T3vARIC
LED ZAWAZ LN THS. LED TIE, EEZE
LT FEIREICTHET, T IDEAIIZK
LEARMEEFRGEI-TLIMA LEREVR(EL)E
ENDIFEXEELD. TDH, BABZIZENTH
BMELIRILF—RENTELAEEMENHS. TPX
DATLIE, REQBENBEEZEILIREFAETHS.
Flz, NATRAOMNTHEEIRTHIETHEMEELT
LIGHATES.

HRBLUBE

TPX Y AT L0 LED-PV £/LRED S EREE
HETAHOIC EBMERSFIIaL—avERAN
f=. —RMLTERKMEITFEATE AREEZH DY
EDLELIBEMEFERBETELL. BBBEHMIZOD
HBRTIE, MEARBTIUS LICRIEST 5 FIRE
FEHERELTIIRAIILARBRRXOEREZENE
[CEAShD. EXOBHEEBNFERCEDHERS
FOEBEHAANDZEIZEST, 2 YARBDESL



SR ATREL /S

ZITAHMETIE, TPXHESRTLOD LED &PV
TILIZAWSFEHEMHEELT, BUVERWS. Y
DIEHRFNEEICN R vy TE#HEODZRTHMHET
H%5.,E 112 TPX REIRTLOBEEZRT, TPX
RETIH. FBRICKDIFEFHBSLGIEAEE D
PV)EILICERSL. REEMETILDTHSH. PV
IVTERBSINT-BAD>E—EHZIFFEHERSEGITIY
A—DERENBAELTHERAT S,

EiE. BEMNGRE) R ERNMERTEEREL
T TPX HEBVRATLICKEALGEDOESEHRSE
22alb—2avEIToBREUTISRT . 2Rl
IR (450 K) 1T HTIva—LERAIZIE(B00 K)IZ
9% PV LILHEICBFAIRILE—TTvIRITHL
TAERERTUIXILN0~0.15 eV DEHICHZI5E
DIRNF—TIVIADGHERERER 2 ITRT . kb
BORH, BRODARIMLIRILF—TFVIRETR
LTW%, BYUIIvA—ITHMT BIEERTUIvIL
ERECTHE NUFFPvYTIYEVWERREEDOERA
BIRILE—DTSVIRNEML., EARRAEFEZSH
EMRENT . REARLTHNIE, EERTUIvIL
DEDKFIE. ALERTU v IL DIV F (BRET)
FYBLRFREHYDIRIILF—DELRLY, BIXIK
FHEBADIRILX—TIVIREGHIEN DI ST,

RIZ, Xy T EHOZELANERNLE 3 TH
%, BE. Xy R 10 um UEHNIE, TS
RORERITLEALEENEEZONSH. 10 mm BEL
EBETHLIRILT—TIVIRDKRESHHRFEIND
CENREINTNS, CORRIEF vy TEREZLZMA cm
LEELTHHRIEE bR WNEEZIONDTZH., hiEY
BAGECIRILF—ZEETETIAHEELH D, i
EHMTHD MEHRELC NTPV HFELLELT. B
BN IKATRENTENEEXERLDB
HEMNKERIZEMND, 2L, TIy4— PV €/LRED
EHEHTETINOOBEBEHAEHL-TLSD.
HRMICIFCDFFHBASLGI TIvE—(CHEMMEE
B-e5ltNRATHD

FEDH, SRORE
APETE, BBERRFII2L—aVER

(B 20) KR |HESE

WTTPXHEES AT LDIRIILF—EIEAN=XLIZ
DNTHEILT.. SEREELGIFERMBOFRALR
FICANTH-GAEMEDOHEERICERT 5T
X —8E AN X LDOEBEEZEET.

R At -
FEEMICHIIyE—
ARI—TF 477 ;5;7]
¥ v v 7R b
> 10 mm i
AR I—T 4> iﬁﬁﬁﬁ/
RAHR

ERMRER)

Fig. 1 TPX Y RTLDBEX

// ‘ o
/ Jgp=0 ¥
400 £
/ (&)
200 -4 Blackbody
0E— r ,

20 25 30 35 40 45 50
Wavelength, A [um]

Spectral Energy Flux [W/(m2.um)]
[*2]
o
o

Fig. 2 {EBRTUIYvILIZEDEAG ST T RIL
F—mZEik

T T

r = 10[um]

- —— 100[um) .
= Imm
800 | 10mm i

600 / | :
' /

400 - / 1

- -
o [\N]
o o
o o

Spectral Energy Flux, £, [W/m?/um]

200 - .

0 - . 1 el ]
2 3 -+ 5

Wavelength, A [um]
Fig. 3 IRILF—D5vIRDERIKFNE




