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HgTe/CdTe bandstructure, quantum spin Hall effect

- Dirac surface states of strained bulk HgTe

QAHE and Josephson junctions
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band structure
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B.A Bernevig, T.L. Hughes, S.C. Zhang, Science 314, 1757 (2006)
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C.L.Kane and E.J.Mele, PRL 95, 146802 (2005)
C.L.Kane and E.J.Mele, PRL 95, 226801 (2005)
A A.Bernevig and S.-C. Zhang, PRL 96, 106802 (2006)
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Intrinsic SHE

Rashba effect

J.Sinova et al.,
Phys. Rev. Lett. 92, 126603 (2004) (b)

t=0

Px

5




UNIVERSITAT H-bar_for detection
WURZBURG  f Spin-Hall-Effect
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— Suppress non-local QSHE using long leads or narrow wires
— Intrinsic metallic SHE only shows up for holes: larger spin-orbit

— Amplitude in agreement with modeling (E. Hankiewicz, J. Sinova)
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EHT = 30.00 k¥ Signal A = 3E2 Date :16 Dec 2008 Gun Vacuum = 1.72e-009 mBar
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C. Brune et al.,
Gate in 3-8 leg is scanned, 2-9 leg is n-type metallic,  Nature Physics 8, 486-491 (2012)

current passed between contacts 2 and 9.



Julius-Maximilians-

UNIVERSITAT Detect QSHI through F‘,
P3

Inverse ISHE

WURZBURG

8,0x10° —

7,0x10°

6,0x10°

5,0x10° —

4,0x10°

3,0x10° —

2 0x10° —

1,0x10°

0,0

Gate in 3-8 leg is scanned, 2-9 leg is n-type metallic,

current passed between contacts 3 and 8 C. Brune et al.,
Nature Physics 8, 486—491 (2012).



Julius-Maximilians-
UNIVERSITAT
WURZBURG P3

Scanning Prohe
Visualization




Julius-Maximilians-

UNIVERSITAT B
)

WURZBURG Scanning SQUID E

mae,/nA

d e T

x10+
4
' 2
0
1—)"( —— 9 -4

f g
\ / 1/um
v u 0.1
4 0
-0.1

h |
Y Iy T
0.1
0
-0.1

0——5 0
Top gate voltage (V) Katja Nowack et al.,

(Kam Moler group, Stanford)



Julius-Maximilians-

UNIVERSITAT
WURZBURG Scanning Microwave

Impedanc P3

MIM probe

10 10°  10° 10
Oxx-2D (9—1)

Yue Ma et al.,
(Z.X. Shen group, Stanford).
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C. Brune et al., Phys. Rev. Lett. 106, 126803 (2011).
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Phys. Rev. Lett. 106, 126803 (2011).
@ 20 mK: bulk conductivity almost frozen out - Surface state mobility ca. 35000 cm?/Vs
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C. Brune et al., Phys. Rev. Lett. 106, 126803 (2011).

Red and blue lines : DOS for each of the Dirac-cones with the corresponding fixed 2D-density,
Green line: the sum of the blue and red lines
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UNIVERSITAT Superconducting contacts
WURZBURG on strained HgTe 3

600

dv/d! ()
I
S

200

b) I d) 2 - 0 1 2
. v (mV) L. Maier et al.,
¢ 600y Phys. Rev. Lett. 109, 186806 (2012).
§ 400,
Nb| (Nb| |[Nb| [Nb >
A He H 200,
o 2| |2 2
1 ] g :'I::'
= > ":(3_ ]
1IN vV (mV) -
) 7
«—> —> — 2
0
L =500 nm 4 2

B (T)



Julius-Maximilians-

UNIVERSITAT

1AFR I TIINR”S
Differential resistance versus measured voltage over junction (T = 20 mK, B=0mT)
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Device with improved HgTe-Nb interfaces.
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J. Oostinga et al.,

Phys. Rev. X 3, 021007 (2013).




dv/dl /1 Q

80

70

60

50

40

30

20

10

At T =25 mK, 200 mK, 500, 800 mK

Reproducible oscillations
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Decrease of differential conductance in subgap regime in the range |eV| < 2A,
is due to strongly enhanced probability of Andreev reflection
(corresponding to improved transparency of the HgTe-Nb interfaces).
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At T =25 mK, 200 mK, 500, 800 mK
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Sample with two contacts also shows somewhat irregular ,Fraunhofer® pattern.



lc =3.78 pA T ~25 mK
Bp =1.09mT Just DC

Could of course just
be inhomogeneous
current injection.

Next steps:
- build SQUID
- go for 2D samples

1/ A

2

v

-0.01

-0.005 0 0.005
B[T]

J. Oostinga et al.,
Phys. Rev. X 3, 021007 (2013).
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