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Recent development of crystal growth technologybnas to fabricate high mobili
two-dimentional hole gas (2DHG). Particularly, 2i2HG in strained Ge is remarkable sii
it reveals large hole mobility and small effectiveass almost comparable to that of elect
However, there have been only few studies on tltgun Hall effect (QHE) and its angu
dependence of 2DHG in strained Ge/SiGe quantum (@W). Since heavy hole of Ge dc
not couple with in-plane magnetic field, it was nuassible to observe Landau level (1
crossing of this material with a tilted magnetieldi. Here we show, by using bilayer 2DHC
Ge/SiGe QW, clear LL level crossing and anti-cnegsian be observed.

A QW consist of 20 nm $Gey 20 nm Ge/20 nm HpsGeyes IS grown or
Sio.35G& 64Si(001) virtual substrate by using gas-source MB#introducingp-type doping
on the top and bottom side of QW, bilayer 2DHGrisated in the well. A sheet hole den:
of the bilayer 2DHG is 6.0 x 1band 7.3 x 18 cm?, respectively, and average mobility
35,000 cmyVs. A Hall resistancdr,, and longitudinaR,, is measured at 50 mK under
magnetic fieldB, perpendicular to the sample as shown in Fig. IsidRence minim
appeared at the filling factor=(2N+2), because of the bilayer QHE. We measuradmnatic
field angleddependence dk« and plotted versus 1/céss shown in Fig. 2R periodically
changes with respect to 1/&sndicating this is due to the crossing of the LUp to three
times of the crossing was observed within our mesmsant range. This is very distinct frc
single layer 2DHG sample where LL crossing wasatserved within the same field range

We also observed anti-crossing of the LLs (not shjovirurthermore, a weak an
localization was observed in the low-field dataRyf. Thus we think anti-crossing is due
the large spin orbit interaction of the 2DHG in &i€8e QW. This system enables us to st
various LL physics in high mobility 2DHG.

4_ | HB | | 600 llllllllllllll ||‘|/:||||
‘E/ vl 500 10
y - v 4 —— 14
g [ -~ -~ 400 0 —A— 18
é —» x —4}-22
-1 1300 3
« 22 4200
1+ 18
— L5 1100
0 | 10 wv=8 0
0 2 4 6
B, (T M N B S R

1.0 1.5 2.0 25 3.0

Fig. 1: Perpendicular magnetic field 1/cos6
(6= 0) dependence &, andRy. Fig. 2: R« vs. 1/co® at variousy.

[ Friday \ [Thursday\ ﬂNednesdaﬂ



