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INAs/GaSbh type Il broken-gap superlattice (T2SL)
Tunable bandgap
Anisotropic electron-hole transport
Fabrication challenge: strain, interface diffusion
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Vertical thermal conductivity
proportional to 3'@ harmonic

Type Il
R +1DR(T) GaSb thin film

[ | substrate —

+l +V Voo
thin film
k _ Vys I N ‘ If;/ 'FZTI d R substrate
LR 3 ’1"_9 "<W2) dT
[R ~ (dR/AT)T ~ ei2wt”
DV = I[R ~|eB3nt

D. G. Cahill, Rev. Sci. Instrum. 61(2) 802, (1990).
D. G. Cahill, Phys. Rev. B 50, 6077 (1994). Chuanle Zhou, MG, et al. J. Elect. Mat. (2012)



Vertical thermal conductivity

proportional to 3@ harmonic | ~d
|
Type Il 0.3 e
R+ DR(T) Gasb thin film j
: \ substrate — 1
HAV Vo o %
X 0.1
Van|f,/f,|  dR 3
= 0.0+
2 ]
4pLR (Vew,1 ) VEW,Z) dT
_ 0.1+
DV = I[R ~|e3 1 10 100 1000 10000

f (Hz)
D. G. Cahill, Rev. Sci. Instrum. 61(2) 802, (1990).

D. G. Cahill, Phys. Rev. B 50, 6077 (1994). Chuanle Zhou, MG, et al. J. Elect. Mat. (2012)



k (W/mXK)

InAS[4]

|:|':F|I:I “nnnn II:

- o GaSb[5]
1000+ & a + GaSb |
s ° v Ga T2SL A
8 ® %300 o ]

i °!-g

100} o 2o ]
L o n.:p ]
°° * D ]

10 ® __




2
7,742

XX}  ZZ




INAs/GaSbh type Il broken-gap superlattice (T2SL)
Tunable bandgap
Anisotropic electron-hole transport
Fabrication challenge: strain, interface diffusion
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From band structure => m,,,m ,m ,E (m_

For n-conductivity & Seebeck:
anisotropic 3D dispersion
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For p-conductivity & Seebeck:
2D dispersion
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(Power-law scattering, ¢ =gE® , where s = 0 observed for T2SL at 300 K)

Optimize transverse power factor S°s => deduce optimal chemical potential m
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Transverse Thermoelectrics
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Longitudinal thermoelectrics
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Different from longitudinal and Ettingshausen cooling
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A competitive DT = 8 K (b/L=2.77)
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Bulk materials (monoclinic)!?: CsBi,Teg, ReGe,Si; 1¢
p-type in a-direction and n-type in c-direction
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Bulk material, geometric shaping
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1Gu, Zhang, PRB 71, 113201 (2005)
2Chyung, Mahanti, Kanatzidis,
MRS Proc 793 (2004)









