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Early Experiment on Near-Field Thermal Radiation
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Challenges in Experimental Demonstrations (1)
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Challenges in Experimental Demonstrations (2)
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. MEMS-based Measurements

SiO, Mobile sensing
Al beam

— Dt

Sensing
current

Actuation voltage

Actuator off Actuator on E 500
i<

E I :
g 250
Q
®
&
ato

Platinum heaters/
temperature sensors

Silicon (to be removed)

Si (to be removed)

KA' ST Department of

Mechanical Engineering

Thermal Radiation

Laboratory

Heat transfer (nW K1)

-
N

Heat transfer (nW/K)

1 Far-field limit

Substrate conduction

Measurement
— Theory (fitted)

o N A O 00 O

200

300

400 500 600 700
Gap (nm)

St-Gelais et al., Nano Lett. (2014)

N
(@)

30

20

10

— Simulation

* Experiment

10 -

0.1

0

200 400 600 800 1,0001,2001,4001,600
Gap (nm)

St-Gelais et al., Nature Nanotech. (2016)

5



MEMS-based Measurements (2)
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\ Motivation: Near-Field TPV Device
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Proposed Device
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Fabricated Device
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\ Measurement of Near-Field Thermal Radiation

2cm

Heater

Source
part

Spacer —» v

—>
. 600 nmi, .—l—/[\ ]

Receiver : «—> :

part { 550 um i

X 8 -
E i Theory T 50 [ M 108 10°(1/d) - 2.78
S o - R*=0.9981
= 5
E = 20}
= L
2 20 10
D O i 1 A 1
S - 5.0x10° 2.5x10° 4.5x10°
Q15
wn
c
g -
10
_C ________________________
g - Blackbody limit
T 5 . | . | . | . |
B 300 500 700 900 1100
oY

Vacuum gap width, d[nm]

M. Lim, S.S. Lee, and B.J. Lee, Physical Review B 91, 195136, 2015.

I(Al ST D ep artment of R Thermal Radiation 1 0

Mechanical Engineering Laboratory




~Advantage of the Proposed Device

Measured capacitance is related to the separation distance
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The average radiative heat transfer coefficient is nothing but the radiative heat
transfer coefficient at the average gap distance.
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~Remaining Challenges

= Near-field enhancement of radiative heat transfer becomes significant
when the vacuum gap distance between parallel plates is less than
200 nm. But maintaining such a small gap distance between parallel
plates (with wide surface area) is extremely challenging.

= One of the most prominent applications of near-field radiation is a
thermophotovoltaic (TPV) energy conversion, which requires planar
geometry with wide surface area.

= We may also need to seek alternatives. For instance, we can modify
surface conditions using optical metamaterials including graphene in
order to further enhance the near-field thermal radiation at achievable
vacuum gap distance.
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Spectral

Control of Near-Field Radiation
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~Graphene-Assisted NF-TPV System
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Extending Graphene’s Effects to Longer Distances
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HMM-Assisted NF-TPV System

o (rad/s)

W substrate
Vacuum
1.6x10" il

1.2x10"

o (rad/s)

BcO/(og

=
)
>
_
<
>
_oom
oS~
L=
<
=
a
N
o u
M
5'_.
)
o
(e}
=
)
>
&R
<
>
_oom
oS~
2=
<
=
&
S o
M
- L
(e}
s 2
o
o

KA' ST Department of

Mechanical Engineering

Thermal Radiation

Laboratory

Electric power, P _ (W m?)

10't Plain Tungsten

0 \ L ] \ N |
10

Tungsten substrate

(0
Tungsten
Si0,

Tungsten

HMM

<~ Source —

0

§

T

d
Pp-region L
L

Depletion region

n—region

Receiver
TPV cell

HMM 7 periods

Plain Tungsten

HMM 7 periods
(propagating)

—_— e = e - -

(propagating) ~ -

10 100 1000
Vacuum gap, d (nm)

S.M. Jin, M. Lim, S.S. Lee, and B.J. Lee, Optics Express 24, A635-A649,2016.

16



3rd International Workshop on Nano-Micro Thermal Radiation (NanoRad)
(June 26-28 2017 at KAIST, South Korea)
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