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Near-Field Thermal Radiation
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Motivation: Near-Field TPV Device
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For realizing NF-TPV device, we need
* source temperature to be as high as possible
* vacuum gap to be as small as possible
* surface area to be as wide as possible
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MEMS-Based Platform for NFRHT Experiments
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M. Lim, S.S. Lee, and B.J. Lee, Physical Review B 91, 195136, 2015.
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Measured NFRHT
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Challenge & ngortunit_y

* Near-field enhancement of radiative 10° e
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* 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 (™
200 nm).
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Challenge & Opportunity — cont’d
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SPP-Meditated NFRHT
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S. Basu, B.J. Lee, and Z.M. Zhang, Journal of Heat Transfer 132, 021005, 2010.

— Since evanescent waves associated with the SPPs dominantly contribute to
the near-field radiative heat transfer, tailoring the SPP dispersion curves in the
w-k; domain using surface nanostructures will eventually lead to tune the near-
field radiation at a given vacuum gap.
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SPectral Control of NFRHT using GraPhene
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GraPhene-Assisted NE-TPV System
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M. Lim, S.M. Jin, S.S. Lee, and B.J. Lee, Optics Express 23, A240-A253,2015.
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Tunneling of Evanescent Waves
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The amplitude of evanescent wave decay
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Larger g rarely contribute to the heat transfer
when vacuum gap width becomes larger

= SPP dispersion curves should be close
to the vacuum light line
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HMM-Assisted NF-TPV System
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Challenge & ngortunit_y
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Control of NFRHT
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Control of NFRHT - cont’d
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Control of NFRHT - cont’d
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Control of NFRHT - cont’d
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CouPling in As_ymmetric Configuration
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M. Lim, J. Song, S.S. Lee, J. Lee, and B.J. Lee, Physical Review Applied 14, 014070, 2020.
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CouPling in Asymmetric Configuration — cont’'d
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CouPling in Asymmetric Configuration — cont’d
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CouPling in Asymmetric Configuration — cont’d
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CouPling in Asymmetric Configuration — cont’d
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Schottky-Junction Cell

» Schematic of an Au/n-GaSb Schottky 2
TPV cell attached on a chip carrier 10°F 149K .
10? i ,
‘\E 10" ';/‘/ E
< 100 g i
Cr/Ag 210" AR i
" s . g |
o : 57 o Measured
\ N A B
- uGe O:]Ig-e e B J:;H :
. 107 — JretJnytJsru !
S|02 08 L 1 N L L 1 L
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Voltage (V)
(b)
=  Multiple current mechanism in Au/n-GaSb 105}
Schottky diode -
T ol
<
Jtot :JTE+Jsec ,;;103_
= JTE(O){exp[q(V —1 Rs)/nkT] — 1} é v
+JSCC(0){exp[q(V —1 RS)/Esec] - 1} E 10%F 'f" L @ _yeasured .
= Jre) {explg(V — I Ry) /nkT]| — 1} 3 | e
+Jru){explg(V — I Rs)/E;] — 1} N iy N
+Jsru(){explg(V — I Rs)/2kT] — 1} N
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Voltage (V)
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NE-TPV Conversion ExPeriment
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NE-TPV Conversion Experiment — cont’d

Emitter Au/n-GaSb Cell

J. Song, J. Jang, M. Lim, M. Choi, J. Lee, and B.J. Lee, ACS Photonics 9, 1748 — 1756, 2022.
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Schottky-Junction Cell — cont’'d
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NE-TPV Conversion Experiment — cont’d
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J. Song, J. Jang, M. Lim, M. Choi, J. Lee, and B.J. Lee, ACS Photonics 9, 1748 — 1756, 2022.
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NE-TPV Conversion Experiment — cont’d
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NF-TPV Conversion Experiment — cont’d
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NF-TPV Conversion Experiment — cont’d

@ a0t . ,
—_ 4 I ““ Total
b= 2.5x10° — — Propagating |
§ - L Evanescent
< 2x10*t 3 .
X for 0.5 um < A< 30 um
© 1.5x10%
[0
ey L
(]
= Ix10°F
@ I
©
e 0
0 L
200 400 600 800 1000 3000
Vacuum gap distance (nm)
©)
B
.
®
O
c D
e £
A% S
T 43
= 10 g
© 5
o )
= 8
-
=
O
©
>
N @4=17um
10
0 0.2 0.4 0.6 0.8 1
.JCO/.U

J. Song, J. Jang, M. Lim, M. Choi, J. Lee, and B.J. Lee, ACS Photonics 9, 1748 — 1756, 2022.

Center for
Extreme Thermal Physics
and Manufacturing

CETPM

Trap-

(b)

3000

120 :
Total l
& — — Propagating
§ oL \N T Evanescent |
5 for0.5 um<A<1
>:< 9
© 60 ~
2 S / T
© L N
® A
S 30+ ) .
[0
o e
0 . M .~. T Sy
200 400 600 800 1000
Vacuum gap distance (nm)
(d) 7x10° T T T d T T T
6x10° o d=9pum e
L ——d =900 nm E :E
a 5x10%L — — d=450 nm .. : :‘: E‘:H—
& axof] @A4S17ipm i
+ a 17
8 3x10°L 4
S b
Qo - i
2x10°L ¥
1x10°| S 3
0 ’--‘1 \ 1 . 1 . 1 \
0 0.2 0.4 0.6 0.8 1
,Bcola)

30



NF-TPV Conversion Experiment — cont’d
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