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Switching of Single-Electron Oscillations
In Dual-Gated Nanocrystalline Silicon
Point-Contact Transistors

Mohammed A. H. Khalafalla, Hiroshi MizutdMember, IEEEand Zahid Ali Khan Durrani

Abstract—Switching of single-electron transport is observed in multiple grains. Similar effects have been investigated in detail
point-contact transistors fabricated in nanocrystalline silicon thin  at low temperature in double QDs defined lithographically in
films, where the grain size is~10 to 40 nm. The effects may be as- 4 ag/AIGaAs heterostructure material, coupled in series [10],

sociated with electrostatic coupling between the grains. At 4.2 K, . s .
single-electron oscillations in the device current are switched as a [11] orin parallel [12], [13], and in SiGe double QDs coupled in

function of the voltages on two separate gates. This is investigated S€ries [14], [15]. These devices use gate electrodes coupled in-
further using single-electron Monte Carlo simulation of a model dependently to the QDs, and the electrostatic coupling between
with two charging grains in parallel and intergrain capacitive cou-  the QDs leads to a charge stability diagram with hexagonal re-
2::2? iﬁ C(';f’t‘ﬂg%t'aetrheraﬁ'ﬁg"gnsi?]“ﬁg%ﬁégﬁ; gézll:]sicr)lccgirsst:bulg rt:)’_ gions of constant electron number on the QDs as a function of
ging J y g : g 4he two gate voltages [10]. In addition, at mK temperatures, the

gions in charge stability versus gate voltage. These effects depen : )
not only on the coupling capacitance but also on the cross capaci- Overlap between the quantum wave-functions of the electrons in

tances between the grains and the two gates. the QDs can form covalent molecular-like states [11].
Index Terms—Coulomb-blockade, nanocrystalline silicon, In this paper, we report the observation of intergrain elec-
quantum dot, single-electron transistor. trostatic coupling effects in single-electron transport through

nc-Si. We observe switching of the single-electron current os-
cillations in nanometer-scale point-contact SETs at 4.2 K, as a
function of the voltage applied to two independent gates. These
ANOCRYSTALLINE SILICON (nc-Si) thin films are effects can be associated with electrostatic coupling between
promising materials for the development of advance@/o dominant grains in the point-contact. Due to the different
LSI compatible quantum-dot and single-electron chargir@apacitance between each gate and grain, the electron number
devices [1]-[3]. The films consist of nanometer-scale graimg each grain changes differently with the gate voltages, and
of crystalline silicon, separated by amorphous silicon dhe effect of electrostatic coupling between the grains is ob-
silicon dioxide grain boundaries (GBs) up to a few nanometserved in a charge stability diagram. We investigate these effects
thick [4], [5]. The very small size of the grains leads to larg&urther using single-electron Monte Carlo simulation and pro-
electron-confinement and single-electron charging energies fglse a double QD model where a change by even one electron
and forms naturally a system of quantum-dots (QDs) overimthe charge of a grain near the single-electron transport path
large area without the need for high-resolution lithographgwitches the electron transport. Regions of bistability exist in
definition of the dots. The small grain size also makes ttike charge stability diagram, where the electron number of both
films extremely promising for the fabrication of quantum-doQDs changes within small ranges of gate voltage. We attribute
and single-electron transistors (SETs) operating at room-tethis to the addition of the cross capacitance between each gate
perature [7], [8]. In addition, the local electronic transpornd grain to the intergrain coupling capacitance.
properties of the nc-Si at the single grain and GB level are of
interest not only for quantum devices but also in improving the Il. FABRICATION OF POINT-CONTACT SET

performance of scaled thin-film transistors [9]. _ ) _ ) _

bility of strong modulation of the electronic transport by electrgdoped n-type (phosphorous, with a doping concentratidnx

static coupling and electron wave-function interactions betwedfi © €M) nc-Si film. The film was deposited using low-pres-
sure plasma-enhanced chemical vapor deposition on a 100-nm-
, _ _ _ thick SiO layer grown thermally on a Si substrate. The grains
Manuscript received July 18; 2003 revised August 20, 2003. This paper was ; . . . .
presented in part at the IEEE Silicon Nanoelectronics Workshop, Kyoto, Japah€ ~10—40 nm in size and in the film as-deposited, the GBs
June 2003. are thin ¢~1 nm) amorphous silicon tissues. The SETs are de-
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Fig. 1. (a) Schematic of a dual-gate point contact SET. (b) Scanning electron = 8
micrograph of a point-contact SET (Device 1) fabricated in a nanocrystalline —
silicon thin film. =
[*]
n
is a~ 30 x 30x 40 nm region between larger source and drain . 1 0.5 0 0.5 1
regions, with two in-plane gates on either side. The gates are B - :
~100 nm away from the point-contact centre. Device 1 is oxi- V. (V)
dised in dryO, gas at 750C for 1 h and then annealed in Ar 91
gas at 1000C for 5 m. The process tends to oxidise selectively Gate ‘1’ voltage
the GBs into silicon suboxide, increasing the GB tunnel barrier
energy and resistance and improving electron confinement on (b)

the grains [5], [8]. Selective oxidation of the GBs depends on

the ratio of the rate of oxidation of the amorphous Si GBs to - 2 (2) The source-drain currenl,,, versus gate 1 voltagel,,
te of oxidati f th talli Si . At t t characteristic. The source drain voltagé. = 6 mV, and gate 2 voltage,

rate or oxidation or the cr_ys alline Si grains. . gmp_era ur%g = 0 V. The inset shows thk, — V4, characteristicat/y; = Vg =0V,

~ 750 °C or lower, there is greater oxygen diffusion into theb) 7. versusV,; andV,, characteristics at;. = 6 mV and at 4.2 K.

lower density amorphous Si GBs, improving this ratio. Longer

idation ti iff [ he GBs. . :
oxidation times diffuse more oxygen atoms into the GBs andV,, is swept. The inset shows the corresponding— Vi,

characteristics at;; = V2 = 0V, where the Coulomb gap
is ~30 mV. Fig. 2(b) shows a three-dimensional (3-D) plot of
145 as a function ofV/;; and V. for Device 1 at 4.2 K and
Fig. 2(a) shows the drain-source curréht,) at 4.2 K versus Vg4, = 6 mVmV. The corresponding grey scale image is shown
the voltage applied to gate (I/;;) for Device 1. The drain- inFig. 3(a). The characteristic is obtained by sweepipgfrom
source voltag€Vys) = 6 mV and voltage on gate 3/, = —1Vto1lVin5 mV steps and incrementirig,, from -1V
0V. Single-electron conductance oscillations are observégin to 0.03 V in 10 mV steps. Sweeping botfy; and Vj, shifts
with a set of large peaks and finer superimposed peaks. Tthe oscillation peaks linearly, leading to the dark lines in the
former may be associated with a dominant charging grain. Thiots [marked additionally by white dashed lines in Fig. 3(a)].
fine peaks imply additional energy levels for tunnelling, whicifhere are bistable regions where the oscillations overlap and
may be associated with other grains or with defect states [8Jvitch from one line to another, e.g. within the circles labeled
Qualitatively similar behavior is observedif; is held constant “a” and “b” [Fig. 2(b)]. The gradient of the lines ts2 and the

I1l. EXPERIMENTAL CHARACTERISTICS OF
PoOINT-CONTACT SETS
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Device 1 The oscillation peak lines in Fig. 3 correspond to resonance
k . . between the single-electron charging energy le¥g|sin the
charging grain along the transport path and the Fermi energy
E¢ in the source, for the nth line. Sweeping either gate voltage
moves the levelg., pastlk¢ and causes oscillations ig,. The
position ofE..,, relative toEg depends on the net effect of both
Vg1 andV,, on the grain, e.g. to remain on the same (nth) line, if
Vy2 is reduced, thei,;; must be increased in order to maintain

Ecn = Efs-
Gate ‘1’ voltage
@ IV. THEORETICAL INVESTIGATION OF A SYSTEM OF TWO
Device 2 PARALLEL DoTS

We investigate thé-V characteristics of Figs. 2 and 3 using
Monte Carlo single-electron circuit simulation. Fig. 4(a) shows
our simulation circuit, where two QDs, arranged in parallel, are
coupled to each other by a capacitaii¢e QD1 is coupled to
the source and drain respectively through similar tunnelling bar-
riers t1, t2 (0.7 aF, 50R(2) and QD2 is coupled to the source
through the tunnelling barrier t3 (0.3 aF, 106@). We call this
circuit “A.” We also simulate a symmetrical circuit where QD2
is connected additionally to the drain via a tunnelling barrier
t4 = t3 (dotted circuit). We call this circuit “B.” In both cir-

Vi2 (V)
Gate ‘2’ voltage
=]
=)

‘ ——— : :
08 04 00 04 038

cuits, QD1 and QD2 are coupled to the side gafgs andV,

Va1 (V) by the gate capacitancey, andC, respectivelyC,; andCy;

Gate “1" voltage are the cross-capacitances betwé&gnand QD1, and/,; and
) QD2, respectivelyys = 5 mV and the simulation temperature

is 4.2 K.
Fig. 3. (a) Grey scale image &f versusV,; andV/,., obtained for Device 1 ] . o
atVas = 6 mV and at 4.2 K. The maximum current (white region) is 1.2 pA. Fig. 4(b) shows the simulated Coulomb oscillation charac-

The dashed lines mark the shift in the Coulomb oscillation lines (b) Equivalek@ristics as a function oV, andVy, for C; = 1 aF (circuit
cha_racteri_stics_for Device 2 &ti. = 2 mV and at 4.2 K. The maximum current “A”- main figure, and circuit “B”: left inset). In the main figure,
(white region) is 9 pA. the Coulomb oscillation peaks form the dark lines separated by
current magnitude varies for different lines. Fig. 3(b) is a sinwhite regions of zero current and stable electron number. The
ilar grey scale image of thk;s versusV,; — V;, characteristics lines shift linearly and switch byAV¢; with the gate voltages.
from a second device (Device 2) at 4.2 K aligg = 2 mV. The peak lines also overlap b¥;“near a switch. The switching
Device 2 is oxidised at lower temperature (680) for shorter and overlap behavior is similar qualitatively to the experimental
time (10 min) and cooled down in Ar gas. We use a lowaharacteristics of Fig. 3. The peak lines in Fig. 4 define the
temperature in an effort to increase the conductivity. Qualitaeundaries of regions of stable electron number on QD1. We
tively similar behavior to Fig. 3 is observed in devices fabrialso show the boundaries of stable electron number on QD2
cated independently on different samples. We note that at 77(K¢atter points), which switch bfxV},. The electron number
only single-period Coulomb oscillations are observed, withooh both QDs is stable in the regions bounded by both the peak
strong switching effects. We do not observe room-temperatuiges and the scatter point&Vyy, AV, AVy, and AV, de-
single-electron charging effects in these devices. This may fiee a charge stability region, analogous to those observed in
compared to our earlier work on 2020 nm point-contact SETs lithographically defined double QDs [10]-[15]. The numbers in
operating at room-temperature, defined4i80 nm thick hydro- the brackets indicate the electron number (n1, n2) on QD1 and
genated nc-Si films prepared by VHF PECVD at 3@0froma QD2 respectively. Fig. 4, right inset, shows the variation of n1
SiFy : Ho : SiH4 gas mixture [8]. In these films, the grain sizeand n2 at/;» = —0.59V, as we varyV,; from -1V to —0.75

was only 4-8 nm, smaller than thel0-40 nm grain size in V across a switching region. Al§,; varies from—1 V toward

the devices of our present paper, and the carrier density wadess negative values, nl changes initially fre to —3. How-
order of magnitude highér 1x 10%2° cm~=3). Acombination of ever, a change in n2 from4 to —3 can change the electrostatic
smaller device size, smaller grain size and a high tunnel barri@as of QD1 and switch nl1 back te4. Further change i
height (~170 meV) after low-temperature oxidation/high-temsuch that;; > —0.8 V and lies outside the switching region
perature Ar annealing lead to room-temperature single-electn@sults in stable values afit = n2 = —3. Within the switching
charging effects. In our present devices, increasing the oxidati@gion, charging one of the QDs by an electron can change the
time may help to raise the tunnel barrier height and increase #ectron number of the other QD and leads to bistability of n1
temperature of operation. However, this would reduce the devimed n2. Peaks lines occur whenever the single-electron levels
conductivity even further and an increase in the doping densky,,; in QD1 andEs are aligned for a given set of gate voltages
would be necessary to counter balance this. and electron number. If the gate voltages are such that n2 also
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' Fig. 5. Simulatedys versusV,; andV,> Coulomb oscillation characteristics
1.0 using circuit “A,” with C,2 = 0.7 aF, C;6 = 0.5 aF, t2 = t1 (0.7 aF,
=l ' ' ' ' 500kS2), and t3 (0.3 aF, 100KX2). (a) Dependence of characteristics@p for
-1.0 . 06 -04 -02 0.0 nonzero cross capacitancéss = 0.2 aF andC,; = 0.3 aF. (b) Dependence
Vi (V of characteristics 06’ for zero cross capacitances. (c) Switch width’;; asa
g1 (V) function of the normalized capacitan€e / C,. for three values of’,>, 0.5 aF,
1aF, 1.5 aF.

Gate ‘1’ voltage

(b)
Fig. 4. (a) Circuits for Monte Carlo simulation. Circuit “A” does not include® Mmanner S|m'|ar_ to .observatpns in pargllel Co_ndUCtmg Q_DS
tunnel junction t4 and circuit “B” is the full circuit, including tunnel junction [12], [13] and oscillation peak lines associated with conduction
#4.C, =Gy =0.7aF, C; = Cy =03aF, Cpo =0.5aF, Cy3 = 0.2aF,  through both QDs are seen. However, we observe strong peak

Cy6 = 0.5aF,Cy7r = 0.3aF, Ry = Ry = 500kQ, andRs = R, = 1 MQ. i | diff tf . K We will it
(b) Simulated! ... versusV,, andV, Coulomb oscillation characteristics for '\N€ Ove_r aps, diireren rom preV'OPS wor v e will associate
C; = 1 aF. Main figure characteristics are from circuit “A.” Solid lines: these with the cross capacitances in our circuit.

Coulomb oscillation peaks (maximum current 3 nA). Scatter points: boundariesFig_ 5(a) shows the effect of the coupling capacita@(f:eon

for regions of stable electron number on QD2. Left indgt: versusV,; and . A
V2 for Circuit “B” with C; = 1 aF. Dark lines (maximum current 3 nA) are the Iy versungl, Vg? characteristics of circuit “A”, with cross

Coulomb oscillations peaks from QD1. Grey lines (maximum current 0.9 n&apacitances,;s = 0.2 aF andCy7; = 0.3 aF. The switch
are Coulomb oscillation peakS from QDZ nght inset: variation in eIeCtrC\Width Avfl and Overlap |engthL' Increase ayf |ncreases

numbers n1, n2 as a function B, atV,2 = —0.59V. from 0.1 aF to 20 aF. For small; = 0.1 aF, there is minimal
changes near the peak line, the change in n2 electrostaticallydsidtching and overlap and the QDs are nearly isolatedCAs
ases QD1 and causes a switch in the peak line position. increases to 20 aBAV;; and ‘'L’ increase to an extent that the

In circuit “A,” peak oscillations cannot arise from QD2 ageak lines join and occur at a period which is approximately half
there is no conduction from source to drain through QD2. W# the period associated with only QD1. In this high coupling
simulate the effect of conduction via QD2 using circuit “B” byregime, the two QDs act as a single large QD and the electron
adding tunnel junction t4, forming a more general circuit [L6humber on both QDs changes simultaneously. However, if we
Fig. 4(b), left inset, shows the simulatdg, versusV,;, V,2 remove the cross capacitanc€§z = C,7 = 0 aF [Fig. 5(b)],
characteristics of circuit “B.” This forms a hexagonal pattern ithere is no peak line overlap and increasing the coupling only
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increases\ V¢ to its maximum value- half the period associ- the cotunnelling processes. We note that even with strong co-
ated with only QD1. tunnelling, at 4.2 K the conductance in a series QD system is
Fig. 5(c) shows the switch widthV; as a function of the likely to be higher near the triple points when the QD levels are
normalized capacitana€;/C,, for circuit “A,” for values of aligned. In our nc-Siv 30 x 30 x 40 nm point contact SETS,
C42 0f 0.5 aF, 1 aF, and 1.5 alkV}; increases with coupling as the disordered arrangement of the QDs implies that both series
Cy/C,2 increases from 0 to 1.5, and saturates at higher valussd parallel QD effects may occur. However, our observation of
where C; dominates. This variation is similar for differentstronger conduction along the peak lines than near the switches
Cy2 and depends only oy /Cyo. AVy; saturates when the supports the possibility of parallel QDs. We also do not observe
switching width becomes close to half the oscillation period @y peak lines along one set of sides of the charge stability re-

QD1 (0.5 ¢/Cy2). gions [e.g., Fig. 3(a)]. Thisis explained in our parallel QD model
Analytically, the coupling capacitance can be evaluated froby the lack of conduction via QD2 from the source to the drain.
the total electrostatic energy [10] of the simulation circuit In contrast to simulation, the various capacitances in the
AVi o AVp o experiment may change with the gate biases, modifying the
O = AV, 2% _ Al 1% (1) [las versusVyy, V,, characteristics from our simulated results.
[1 - (%)} [1 - (%)} A change in the QD to gate capacitan¢gs andC,¢ would

. change the slope of the peak lines in our characteristics. This
whereCs; andCyy are the total capacitances of QD1 and QDZypies that the dashed lines in Fig. 3 will not be parallel. In

respectively. addition, in Fig. 3, the switch width and overlap length varies

Our simulation results were found to be independent of thg gitferent gate biases and with reference to Fig. 4, this may
tunnelling resistance between the two grains and it appears thatyitributed to a change ii;. In Fig. 3(a) we observe clear
tunnelling between the grains may not be necessary to explaifiiches in the range0.4 V < V, < 0.8V, implying an
our observations. We note thatdfy is a tunnelling capacitor, jniermediate coupling regime. Similar behavior is observed
then series coupled QD effects also become possible. in the characteristics of Device 2, Fig. 3(b). We can make

an approximate estimate of the average relative coupling
V. DIsCUSSION capacitance('; /Cas, in Device 1 in the intermediate-coupling

We now consider further our model (circuit “A”) of a QD regime using (1)

contributing to the conduction, coupled in parallel to a second C Ak

“floating” QD. The grain size in our system4s10 to 40 nm and C—f R —

at minimum only one and at maximum only a few grains can 2 .

exist within the point-contact. The source-drain current flow#/hereAx andx are the average dimensions along ¥e axis

across the point-contact along a percolation path through the$¢he stable excess electron region in Fig. 3(a); is the total

grains. Due to variation in the grain size and the GB tunnellingapacitance of QD2, andC,7AVy)/e) < 1.

barrier resistance, it is possible for a dominant grain to existWe observe that the width of an oscillation line reduces in

along the percolation path, forming QD1. Electrons can alsm overlap region, e.g., along “f” in Fig. 3(a). This may be

charge grains nearby the percolation path and coupled elecuitiributed to the electron number boundary of QD2 crossing

statically to QD1. Such a grain would act as QD2. At highahe oscillation line with a different gradient. Therefore, “f” lies

temperatures, thermally activated electrons may overcome #ieng a boundary for stable electron number on QD2.

GB barrier between the QDs, and electrostatic coupling effects

disappear. We note that while series coupled QDs are also pos- VI. CONCLUSION

sible, we observe higher conductance along the peak lines "We have fabricated dual-gate point-contact SETs in nanocrys-

comparison to small conductance along the switches at the cor:. o S o
: . - -~ Talline silicon thin films. At 4.2 K, we observe switching of

ners (triple-points) of the hexagonal charge stability regions in S . : .

- - single electron current oscillations in the device as a function
the Iy Versusvy; — Vo, characteristics. This is contrary to ¢ voltage applied to the two gates. These effects are investi-
the behavior in series-coupled QDs [10], [11] and supports our '

model of parallel-coupled QDs [12], [13]. We also observe thgflted using sm_gle-ele_ctro_n Monte Carlo s_lmulat|(_)n of a m_o_del
with two charging grains in parallel and intergrain capacitive

i_n previous work on parallel-coupled QDs, long peak OSCiII"Jltiocr;oupling. We observe a change in the electron number of a grain
line overlaps were not observed clearly due to low cross capa(iqj—e to charging of the other grain by a single electron, causing
tance between the QDs and the gates. Our devices have a hi%. etr - ; - '

) istable regions in charge stability versus gate voltage. The re-
cross-capacitance because the gates can couple to both gréalljlg are a measure of the local electronic transport properties
(QDs) via a path through the buried oxide. port prop

In series-coupled QDs in SiGe at 20 mK [15], significant Cona_nd intergrain coupling in nanocrystalline silicon thin films.

ductance can be observed along the peak lines away from the
triple-points, though this is mostly lower than the conductance
near the triple points. This is explained by cotunnelling of elec- The authors wish to thank Dr. S. Uno of Hitachi Cambridge
trons through the QDs, leading to an observable conductahaboratory, Dr. T. Kamiya, and Prof. S. Oda of Tokyo Institute
even though the energy levels in the QDs are not aligned. ToiTechnology, and Prof. H. Ahmed from the University of Cam-
peak lines along different sides of the charge stability regiobsidge, Cambridge, U.K. for valuable discussions and support
are also of different magnitude, explained by an asymmetryfior this work.

=~ 0.5.

ACKNOWLEDGMENT



276 IEEE TRANSACTIONS ON NANOTECHNOLOGY, VOL. 2, NO. 4, DECEMBER 2003

REFERENCES

[1] S. Oda and K. Nishiguchi, “Nanocrystalline silicon quantum dots pre
pared by VHF plasma enhanced chemical vapor depositloRfys. IV
vol. 11, no. PR.3, pp. 1065-1071, 2001.

[2] K. Yano, T. Ishii, T. Hashimoto, T. Kobayashi, F. Murai, and K. Seki,
“Room-temperature single-electron memoftEE Trans. Electron De-
vices vol. 41, pp. 1628-1638, Sept. 1994.

[3] Y. T. Tan, T. Kamiya, Z. A. K. Durrani, and H. Ahmed, “Single-elec-
tron effects in side-gated point-ontacts fabricated in low-temperature d
posited nanocrystalline silicon films&ppl. Phys. Lettvol. 78, no. 8, pp.
1083-1085, 2001.

[4] K. Nakahata, K. Ro, A. Suemasu, T. Kamiya, C. M. Fortmann, and
I. Shimizu, “Fabrication of polycrystalline silicon films from SiF4/H-
2/SiH4 gas mixture using very high frequency plasma enhanced chem-
ical vapor deposition with in situ plasma diagnostics and their structura!
properties,”Jpn. J. Appl. Phy.pt. 1, vol. 39, no. 6A, pp. 3294-3301,
2000.

[5] T.Kamiya, Z. A. K. Durrani, and H. Ahmed, “Control of grain-boundary
tunneling barriers in polycrystalline siliconAppl. Phys. Lett.vol. 81,
no. 13, pp. 2388-2390, 2002.

[6] D.K. Ferry and S. M. GoodnicKlransport in Nanostructures Cam-
bridge, U.K.: Cambridge Univ. Press, 1997.

[7] Z. A. K. Durrani, T. Kamiya, Y. T. Tan, H. Ahmed, and N. Lloyd,
“Single-electron charging in nanocrystalline silicon point-contacts
Microelectron. Eng.vol. 63, no. 1-3, pp. 267-275, 2002.

[8] Y. T. Tan, T. Kamiya, Z. A. K. Durrani, and H. Ahmed, “Room temper-
ature nanocrystalline silicon single-electron transistats&ppl. Phys.

Mohammed A. H. Khalafalla was born in Sudan,
in 1974. He received the B.Sc. degree in physics
from Khartoum University, Sudan, in 1999, and the
M.PhiL degree in Microelectronics Engineering and
Semiconductor Physics from Cambridge University,
U.K., in 2001. He is currently working toward the
Ph.D. degree the Cavendish Laboratory, Cambridge
University.

He received the Khartoum University prize and the
Sudan Institute prize in physics in 1999.

Hiroshi Mizuta (M’'89) was born in Kochi, Japan,
in 1961. He received the B.S. and M.S. degrees
in physics and the Ph. D. degree in electrical
engineering from Osaka University, Osaka, Japan, in
1983, 1985, and 1993, respectively.

He joined the Central Research Laboratory,
Hitachi, Ltd., Tokyo, Japan in 1985, and has been
engaged in research on high-speed compound
semiconductor devices as well as study of resonant
tunnelling devices. From 1989 to 1991, he worked on
nonequilibrium gquantum transport simulation, and
since 1997, he has been working on single-electron devices, advanced memory
devices and nanoelectronics as a laboratory manager and senior researcher at
9 :/(OII.:94,tppH63'\1;>_—6?7, iOONS'k . T T Ve T Kamiva. Z. A. K the Hitachi Cambridge Laboratory, Hitachi Europe Ltd., Cambridge, England.
[o] Y. uruta, H. Mizuta, . Nakazato, 1. ong, 1. Kamiya, 2. A. % ye s author pfThe Physics and Applications of Resonant Tunnelling Diodes

Dur_ram, H. Ah_mepi, a_nd K. Taniguchi, Carrlgr transport across a fe‘(‘tambridge, U.K: Cambridge Univ. Press, 1995).
grain boundaries in highly doped polycrystalline silicodgh. J. Appl. Dr Mizuta is a Member of the Physical Society of Japan, the Japan Society

Phys. 2 vol. 40, no. 6B, pp. L615-L617, 2001. : B . . h :
[10] W. G. van der Wiel, S. De Franceschi, J. M. Elzerman, L. P. Kouwer?ﬁ:FEpll-:IeEd Physics, the Institute of Physics and the Electron Devices Society of
s .

hoven, T. Fujisawa, and S. Tarucha, “Electron transport through double
quantum dots,Rev. Mod. Physvol. 75, pp. 1-22, 2003.

[11] R. H. Blick, D. Pfannkuche, R. J. Haug, K. V. Klitzing, and K. Eberl,
“Formation of a coherent mode in a double quantum dBhys. Rev.
Lett, vol. 80, no. 18, pp. 4032-4035, 1998.

[12] F.Hofmann, T. Heinzel, D. A. Wharam, and J. P. Kotthaus, “Single ele
tron switching in a parallel quantum dofhys. Rev. Bvol. 51, no. 19,
pp. 13872-13875, 1995.

[13] H. Chan, R. M. Westervelt, K. D. Maranowski, and A. C. Cossarc
“Strongly capacitively coupled quantum dot#ppl. Phys. Lett.vol.

80, no. 10, pp. 1818-1820, 2002.

[14] P. A. Cain, H. Ahmed, and D. A. Williams, “Hole transport in coupled
SiGe quantum dots for quantum computatioh, Appl. Phys.vol. 92,
no. 1, pp. 346-350, 2002. at the Microelectronics Research Centre, Cavendish

[15] A. J. Ferguson, D. G. Hasko, H. Ahmed, and D. A. Williams, “Vari- Laboratory, University of Cambridge. His research
able coupling in n-type silicon-germanium double quantum détgpl. interests include the physics of semiconductor nanos-
Phys. Lett,vol. 82, pp. 44924494, 2003. tructures, and the development of single-electron devices, logic, and memory

[16] V. Danilov, D. S. Golubev, and S. E. Kubatkin, “Tunneling through &ircuits in silicon. At present, he is investigating the physics of nanocrystalline
multigrain system: Deducing sample topology from nonlinear conduéilicon nanostructures and devices. )
tance,”Phys. Rev. Bvol. 65, pp. 125 312-1-125 312-8, 2002. Dr. Durrani is a Fellow of New Hall, Cambridge.

Zahid Ali Khan Durrani was born in Pakistan
in 1969. He received the B.Sc. degree in electrical
engineering from the University of Engineering
and Technology, Peshawar, Pakistan, in 1991, and
the MPhil. and Ph.D. degrees in physics from the
University of Cambridge, Cambridge, U.K., in 1993
and 1997, respectively.

In 1997, he began working as a Research Associate




	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


