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1.Experimental part

We have measured the relaxation dynamics of photoexcited carriers and the lifetime of
photoluminescence in semiconductor nanostructures by the time-resolved spectroscopy. Experimental
data show that the relaxation dynamics of photoexcited carriersin the sample with single quantum well
(QW) is significant different from the sample with several quantum wells and their lifetime of
photoluminescence are also distinct. For further analyses, we could extract the phenomena of
superradiant excitons from the time-resolved spectroscopy. Additionally, we are building a spectrum
analyzer with spatial and temporal resolution, which are < 20 nm and < 100 ps, respectively. So far it
has been successfully tested in quantum dots sample at room temperature.
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2. Theoretical part
On the theoretical side, we have successfully worked out the radiative properties of
low-dimensional (quantum wire and quantum ring) excitons. Renormalized frequency shift in quantum
wire and Aharonov-Bohm effect in quantum ring maybe observable in optical measurements.
Furthermore, shot noise spectrum of superradiant entangled excitons in double dotsis also investigated

thoroughly. We predicted that entanglement can be read out by means of current noise and its value is
enhanced by a factor of two.
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FIG. 1 Schematic view of the structure.
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3. Sample fabrication

The goal of this sub-project was to fabricate the process of tunneling junction. The experimental
equipments, such as e- beam lithography etc., supported by NDL were used to fabricate devices with
ultra short channel (< 100nm) and thin dielectric layer (< 2.0nm). Our goa was to measure quantum
effects at high temperature after devices fabrication, and study quantum effects from the different
device structures. To fabricate different tunneling junction structures by E- beam lithography, which
could work at high temperature. In the first stage, we have finished the layout by the software of L-edit
(The attached figures are the device structures), and the process flow was defined. The manufacturing
machines, like the E-beam, PVD, PECVD etc, were needed. The process was now after the first layer
deposition of Al. In the next step, we will test the thickness of AlOx and the etching rate of Al.
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[Results and discussions]: 2DEG

1. A spin-resolved driving electric field, which isinduced by the >
ac-biased FG, resulting in generation of adc SC.

. I
) o . Fig.1: Schematic illustration of the
2. Thedip featureat //Q =1 indicates the electron emitting

setup for the generation of dc SC.
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one energy quantum 7Q making intersideband transitionsto  1.0f e @ o0
the subband threshold forming a spin-resolved quasi-bound o ao
-state (Figs. 2 (a)-(c)). Other parameters: rr
a, =0.13 (3x10™eVm/h) , the FG width | =80nm,
and external frequency Q = 28GHz.
3. The SC is enhanced when we increase the dynamic Rashba
SOI coupling constant @ by tuning the gate voltage
(Fig. 2 (d)).
4. Our results also show that the pumping spin per cycle 5 - 5 5 -
\\K =(27T/€Q)‘I,;‘ would be enhanced efficiently inthe who o wie
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In conclusion, the ac-biased FG generates a spin-resolved driving 3 ool ] e,
force leading to the pure SC generation, without accompanying % 10 =04y
any charge current. For N =1 case, the SC is enhanced in = 05 02l
thelarger @, . The sufficient condition for generation of dc SC V) f
isthat there are both of the static and dynamic Rashba coupling ool ¥ 0.0} L
constants in this system. In addition, it has shown that the double 01 2“/%2 45

-FG is aready enough to enhance the dc SC efficiently. _
Fig.3: Spin-resolved transmission as a

Finger-gate array quantum pumps. pumping function of 12/Q in FG number :

characteristics and mechanisms @N=1ad®N=2.The N is
plotted asafunctionof L/ Q.
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1. Forsinglepair N =1, the pumped currentsversus X, = p/Ae+1/2 " L [ {1
for external frequency Q =18GHz (solid curve) and Q =3GHz

(dashed curve) are plotted in Fig.2. (/4 istheincident energy and : Ry At

subband level spacing A& = 0.13meV ). Other parameters are chosen: . ¥ i &

p=ml2,0x=ad,a=1/4. Fig.1:Top view of the proposed system
structure for the case of pair number

2.For N =4 case, the pumped currentsversus X, I-\I_ = 4
for external frequency Q =18GHz (solid curve) and Q =3GHz :_1'_ | ' -
(dashed curve) are plotted in Fig.3. Other parameters are chosen: ] ]
@=1l2,a =1/ 4. The peaks have flat tops for the solid curves _ | \ _
due to nonadiabatic pumping mechanism. Another important mechanisn - .: f MA, WA,
is the time-dependent Bragg reflection inthecaseof N =4 . Inthe N |
caseof Q =3GHz, the energy gap is at best only partially opened, as '
we see from the nonzero transmission, because we haveonly N =4 I : Xia J
FG pairs. Thus our result shows that the condition of occurrence of the Fig.3:The pumping currentsfor  the
of adiabatic-pumping is less stringent than we would have expected case of pair number N =1.
originaly.
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[Conclusion]:
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In conclusion, we have proposed a finger-gate array pair configuration

for the generation of quantum charge pumping. The robustness of the :". [ § \ 1

time-dependent Bragg reflection in QPC has been demonstrated, and the

pumping mechanism is understood. X

Fig.4:The pumping currentsfor the
case of pair number N =4,
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Figure 2. The experimental structures of a spin-polarized current generator device due to the
spin-orbit interaction (SOI)°.
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Figure 3. SEM image of two quantum dot systems.
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Figure 4. Two SEM images of a quantum dot system with different arrangement of AC
pumping gates. (Top) Two AC pumping gates are next to each other. (Bottom) Two AC gates

are at the opposite sides.
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Figure5. SEM image of 2DEG with split gates and finger gates. A PMMA insulating layer

dark area issandwiched by these two layers.



Figure 6. SEM images of narrow channels with different arrangements of finger gates. (Top)
One pair of finger gate. (Bottom) Four pairs of finger gate.
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Figure 7. Experimental setup for two high frequency sources with same frequency and
different phases.
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Figure 8. DC current resolution test result for our measurement system.
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Figurell. Two quantized conductance vs. V4 for two devices with identical split gate
arrangements, dg,,=400nm, at T=0.32K. Blue data s shifted by +0.05V for clarity.
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