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Thermal conductivity
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Thermal conductivity

 Fourier's law:

 The law of heat conduction:

J=-xNVT

J =g heat flux density [ / m*]
VT: temperature gradient [K /m]
x: thermal conductivity [W /m — K]

e kK |sconstant!...?

« Dependent on T, orientation
* Independent of SIZE

\ SR

N

Jose




1.2 WA: BB Thermoelectric (TE)
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1.2 WA: BB Thermoelectric (TE)

China 2011 R.E. 66% ;
) 2.3 billion ton coallyear*
“wos || T.E. Saving ¥ 90 billion #

0.235

Estimated U.S. Energy Use in 2012:

12.4
Nuclear Electricity 25.7
8.05 i Generation
38.1 Rejected

Energy

Hydro 58.1

2.69

Residential
10.6

Commercial
8.29 5.39
Energy

Services
58.1

Industrial
23.9

Trans-
portation

Petroleum 284

34.7

Source: LLNL 2013. Data is based on DOE/EIA-0035(2013-05), May, 2013. If this information or ar. K 2012 Energy development report of China

and the Department of Energy, under whose auspices the work was performed. Distributed electri

consumption of renewable resources (L. hydro, wind geothermal and solar) for electricty n8Tu-eauvel #f T, B, effeciency 5%, 50% R.E. recovered, thermal
power generation ¥0.2/kW-h

for the industrial sector, and 21% for the transportation sector. Totals may not



Power generation efficiency (%)

State of the artin TE

Nmax =

(

Ty =TI+ ZTy + 1)

Tu(J1+ ZTy + T /Ty)
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1.2 N FH: 8% Heat removel
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IN PRODUCTION IN DEVELOPMENT IN RESEARCH

» Faster computers run Hotter

--------------

 Heat removel

 Inside the chip (nanoscale)

..............

* Via thermal interface material | + Haa

» Temperature drop across interfaces

A Panasonic Powé&r Device
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2.1 1D: High Thermal Conductivity of Aligned Carbon

Nanotube-Polyethylene Array -- scientific Reports 5, 16543 (2015)
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Thermal conductivities vs length
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*The radial atomic density profiles, g(r)

——PE in ACPC

g(r) (a.u.)




Thermal conductivity and thermal conductance
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2.2 2D: Nanoscale Graphene Disk:

A Natural Graded Material -- scientific Reports 5, 14878 (2015)
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_ In(C/r) | _ ”
li(?’) = Ky 7 (C/rout) = Ky [Rnormal(r)]
_ In(C/r)
normal(r) - I (C/ rom)

where k, and C are constants, and « is power-law exponent fitted from MD results.

T(rin) 'y [T(rout) o T(rin)]

T(rin) + [T(rout) o T(rin)]

Rnormal(r)l—a _ [ln(rm/C)/ ln(rout/c) ]l_a

s O = 1
I — [ln(rm/C)/ ln(rout/c)]l_a

Rnormal(r) o [ln(rin/c)/ ]‘n(r()llf/c)]

] = [ln(rin/c)/ ln(rout/c)] 7
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Power Spectrum [a.u.]
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2.2 2D: A Revisit to Thermoelectric Performance of Single-

layer MoS, arXiv:1504.03852
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Comparison of thermoelectric properties

Struct & T | Camier | o S ke | I
Method : | 2T
Ref. (K) [ type | (Sem™) | (uVK) (War'K)
no| 14625 | -110 | 8.94 0.04
300 1168
DFT+BTE+ po| 16957 | 79 | 1139 0.02
SL
MD no| 1714 | -161 | 9.69 0.26
500 529
Do 8853 | 150 | 840 0.16 ’
S EMD : : S R
o | DFF¥Ballic | | 4| 200 | 0021 | 0243 | 025
model p | 108 | 215 | 0040 | 0244 | 053 SL* | DFT+BIE ; ’ S I g
28 + i 5 X _
| DFT4BTE¢ = | | |5 i SL® | DFT+NEGF 232
L - wo | | so |
MD P > ' SLR® | DFT+BTE - | - |- [
SL 2% 300
VDY Experiment | 300 | - . 30000 | - ) ) SLR NEMD 5
FL*' | Experiment - - - - | 52
SL . 400-
o | Experiment |300 | - - . . - » ,
FET* 100000 SL? | Experiment . . . - | 354
9- .
Bulk® | Experiment . - 5000 - | - | - Bulk® | Experiment . . . .
- 10
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*Thermal conductivity of SLMoS,
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2.3 3D: Enhancing zT by Low-Dimensional Electrical

Transport in Phonon-Glass Crystals Nano Letters 15, 5229 (2015)
Molecuilar Crvetal - Rie-Dithienothionhene (RDT)
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* Thermoelectric Performance of BDT

n S K K
e Ph T
1020cm-3 v V/K W/m-K | W/m-K
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Kg (W/m-K)

Ke/o-T (L)

Thermoelectric Performance of BDT
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Using the Bardeen-Shockley deformation potential theory,® the k-dependent relaxation

time is’
1 N kT D?

~ ; S4
(k)  h2C|uvk 59

Here, D 1s the deformation potential, C' 1s the elastic constant, kg 1s the Boltzmann constant.
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Conclusions

1D: I RERLIGHERAEE
2D: A RFEREHERTR
*11.1/16:00= F* K W P377,% B
2D: B = —hifbeHRA R
11.1/15:15 3k, B4
*11.1/16:007% Kk K] P368, < bk
3D: 73T gn 1A P B BT S
«10.31/15:30H BR A, REEH
*11.1/16:00% F1 K [KP342, T %1%

*1D: CNT-PE array
*High x

*2D: Graphene Nano-disli
*Graded «x (r)

*2D: Mo0S2
°TE Performance

*3D: Molecular crystals
°TE Performance
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