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� InAs/GaSb type II broken-gap superlattice (T2SL)
– Tunable bandgap
– Anisotropic electron-hole transport
– Fabrication challenge: strain, interface diffusion

InAs/GaSb Type II superlattice
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3wwww Thermal Conductivity

proportional to 3rd harmonic
� Vertical thermal conductivity

R + DR(T) Type II
thin filmGaSb

substrate

Chuanle Zhou, MG, et al. J. Elect. Mat. (2012)

D. G. Cahill, Rev. Sci. Instrum. 61(2) 802, (1990).
D. G. Cahill, Phys. Rev. B 50, 6077 (1994).

2 mm

I ~ eiwt

DT ~ P = I2R ~ ei2wt

DR ~ (dR/dT)T ~ ei2wt

+I  +V           -V   -I

thin film

substrate

  
k =

Vw
3ln f1/f2

4pLR2(V3w ,1 - V3w ,2)
dR
dT

DV = IDR ~ ei3wt



3wwww Thermal Conductivity

proportional to 3rd harmonic
� Vertical thermal conductivity

0.2

0.3
 

thin film0.2

0.3

l ~ d

R + DR(T)

kfilm

Type II
thin filmGaSb

substrate

D. G. Cahill, Rev. Sci. Instrum. 61(2) 802, (1990).
D. G. Cahill, Phys. Rev. B 50, 6077 (1994).

1 10 100 1000 10000
-0.1

0.0

0.1

0.2

out of phase

substrate

 

DT
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in phase
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ksubs

kfilm

Chuanle Zhou, MG, et al. J. Elect. Mat. (2012)

  
k =

Vw
3ln f1/f2

4pLR2(V3w ,1 - V3w ,2)
dR
dT

DV = IDR ~ ei3wt



:�����������
����	
� :��
���������
�	�	��

Thermal conductivity suppressed up to 2 orders of magnitude from 
GaSb bulk value
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� InAs/GaSb type II broken-gap superlattice (T2SL)
– Tunable bandgap
– Anisotropic electron-hole transport
– Fabrication challenge: strain, interface diffusion

InAs/GaSb Type II superlattice
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NextNANO3: Full-band 
envelope-function 
simulation InAs/GaSb
superlattice dispersion 
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Deduce Conductivity & Seebeck Tensor

s n,xx =
2 2e2g
3p 2� 3

mn,y (kBT)s+3/2G(s+
3
2

)F3/2+s

m- Eg

kBT

�

�
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� ,

2 2e2g m2 3 m- E� 


For n-conductivity & Seebeck: 
anisotropic 3D dispersion

s p,xx =
e2g

pd� 2
(kBT)s+1G(s+2)F1+s

- m
kBT

�

�
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For p-conductivity & Seebeck: 
2D dispersion

From band structure =>  mn,x,mn,y,mp,y,Eg (mp,y =¥ )

Chuanle Zhou, MG, submitted to PRL

t =gEs(Power-law scattering,                , where s = 0 observed for T2SL at 300 K)
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Optimize transverse power factor S2s => deduce optimal chemical potential m
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Differential Transport Equations

� Transverse Thermoelectrics

Longitudinal thermoelectrics
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� Longitudinal thermoelectrics

� Ettingshausen effect

2

222
)1(

0
db

Td
Z

TZ
db
dT

S
E

ba

ba

ba

a -
+�

�



	
�

�-��
�



		
�

�
=

2

22
1

0
db

Td
ZS

E

ba

a +��
�



		
�

�
=

0== abba SS

abba SS -=

39



Thermal distribution

� Different from longitudinal and Ettingshausen cooling

� DT = 4 K (ZT = 0.026)
TH = 300 K, b = 10 mm

270
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300
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ZTH = 0.50

DT=14 K (ZT = 0.1)
DT=56 K (ZT = 0.5)
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� A competitive DT = 8 K (b/L=2.77)

Exponentially tapering 

EC = -
SbaTH

L



� Bulk materials (monoclinic)1,2: CsBi4Te6, ReGexSi1.75�x

p-type in a-direction and n-type in c-direction

p ���� n Type material

0.1

1

ReSi
1.75

CsBi
4
Te

6

 

age:
� Bulk material, geometric shaping 
� Low Z^ T at low temperature

421J-J Gu, et al .,Mat. Res. Soc. Symp. Proc. 753, BB6.10.1 (2003) 2D.-Y. Chung, Mat. Res. Soc. Symp. Proc. 793 S6.1.1 (2004)
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0.01

CsBi
4
Te

6

 

Z
^
T

T (K)
1Gu, Zhang, PRB 71, 113201 (2005)
2Chyung, Mahanti, Kanatzidis, 

MRS Proc 793 (2004)
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