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Titanium dioxide(TiO,, with the rutile structurewas grown on(00021) oriented GaN and0001)
Aly3Ga ¢N/GaN heterostructure field effect transist¢tFET) structures by molecular beam
epitaxy. X-ray diffraction showed100)io,!(000)ganaican) @aNd[001}rio,I{1120)ganaican) With

three rotational variants of the T¥OTransmission electron microscopy of 50 nm thick Jidms

on GaN and AlGaN/GaN showed sharp interfaces with no intermixing or reaction between the
oxide and semiconductor. The Tj@xhibited a columnar film microstructure with a lateral domain

size of a few nanometers parallel @®01)1ic, and a few tens of nanometers parallel(101)o,.
Metal-oxide HFETs with 50 nm thick Ti©dielectric layers under the gate were processed and
compared to HFETs without the TiQdielectric layer. The transconductance of the HFETs with
TiO, was 140 mS/mm, approximately 20% less than HFETs with no dielecric, and the pinchoff
voltages of the two stuctures were comparable. The dielectric constant of thevag>~70. The

gate leakage current of the HFETs with FiO-4X 10°® mA/mm at 50 V, was approximately 4
orders of magnitude lower than that of the HFETs with no dielectric. Band offset measurements
were performed using x-ray photoelectron spectroscopy, and the valence band of the rytaadiO

the GaN nearly line up© 2005 American Vacuum Socief{pOl: 10.1116/1.1868672

[. INTRODUCTION characteristics by incorporating the insulators into MISFETSs.

An SiO, layer under the gate has been shown to reduce gate
GaN-based transistors are promising for future generatiofeakage current in AlGaN/GaN heterostructure field effect

microwave power electronics. Field effect transist®fETS  transistors(HFETS by 6 orders of magnitude compared to

will require low gate leakage both for low noise and reliabil- that of a conventional HFEY®

ity. Incorporation of an insulator into GaN-based transistors Ideally the gate leakage current should be suppressed

to make metal-oxide—semiconductor field-effect transistorsvithout affecting the transconductangg or pinchoff volt-

(MOSFETS or metal-insulator field-effect transistors ageV, of the device. Adding an insulator under the gate adds

(MISFETS results in reduced gate leakage compared ta@ series capacitance to the device

metal-semiconductor field-effect transistors with a Schottky 1 1 1

gate. To achieve such metal-insulator or metal-oxide— — = + , (1)

semiconductor structures, there have recently been studies of Cgs Cacan  Cinsuator

various_insulators on GaN, including Si&® SisN,*®°  which in turn affects the transconductance of the device:

AIN,*™? Ga,05(Gd,05), ¥ Ta,0;,'° thermally grown

G305 Si0,/SiN,/Si0 ™ and Sg0,1° These works  9m=27Cast, 2

have investigated the insulator/GaN interface through fabriwhere Cys is the gate-source capacitand€xgan iS the

cation of MIS structures and have shown improved leakag@lGaN capacitanceCnsaioriS the insulator capacitance, and
f; is the current gain cutoff frequency. High transconductance

dAuthor to whom correspondence should be addressed; electronic maif:an therefore be. aChieV?d with a high .gate. capapitance,
speck@mrl.ucsb.edu which can be realized by incorporating a high dielectric con-
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stant(highk) dielectric as the gate insulator material or by ground pressure of2—3) X 10°® Torr. The growth rate of
decreasing the dielectric thickness. Conversely, using a lowfiO, was ~0.1 A s'%. Temperature was the main parameter
k insulator results in a decreased transconductance and &aried during growth optimization studies. Reflection high
increase in pinchoff voltage of the device. In the case of veryenergy electron diffractiofRHEED) was used to monitor
thin dielectrics, tunneling may occur, resulting in increasecchanges in the surface structure during film growth. Follow-
leakage. o _ _ ~ing growth, the samples were cooled to 200 °C in the same
Titanium dioxide(TiO,) has been investigated as a high- .y qen/ozone pressure used for growth to minimize oxygen
K gate insulator for Si-based dew&%_% as well_as for dy- vacancies. X-ray diffractiofXRD) was performed using a
namic random access memory applicatioh¥’ Tio, in the Picker four-circle x-ray diffractometer using copp€y, ra-

rutile phase(cassiterite structure, tetragonak4.59 A, ¢ L . . .
~2.96 A) has also been grown epitaxially @plane (0001 diation. Atomic force microscopy was performed using a
— — Digital Instruments D3100, and cross-sectional and high-

+..23,24
as W?” asa-plane(1120) andr-plane(0112) sapphire>**In resolution transmission electron microscopyEM) were
addition to an amorphous phase grown at low temperature .
. . . i performed using a JEOL 2010.
and rutile, TiG has two other polymorphic forms: anatase .
and brookite. Brookite has a higher free energy, however, The G?N .and AlGaN/GaN samplgs used for ele.c.trlcal
than rutile or anatase and has not been observed in thin film§haracterization were prepatterned prior to the deposition of
A wide range of dielectric constants have been reported fol'€ epitaxial TiQ gate dielectric. Ohmic contacts consisting
TiO, films and the dielectric constant depends greatly on th@f Ti/Al/Ni/Au (200/1500/300/500 Awere first depos-
phase of the films, wittk~20 for amorphous and anatase ited and annealed in\at 870 °C for 30 s. The devices were
films to moderate values of50 for films with a mixture of then defined and isolated using & @active ion etch. On
anatase and rutile. The highest valueskpf~90, were for the AlIGaN/GaN samples, gatéBt/Au 1000/2000 A were
pure rutile phase film& 2’ The rutile phase generally results deposited on some die for use as control standards allowing
from high temperature growth or annealing of an anataseomparison between devices on the same sample with and
film grown at lower temperature. In bulk form, the dielectric without TiO, under the gate. These samples then underwent
constant of rutile is 89 in tha direction and 173 in the  a 20 s oxygen plasma treatment to remove photoresist resi-
direction?® Thus, phase pure rutile films are desirable fordue followed by the same cleaning procedure discussed
highk applications. In this article, we present an investiga-ahove prior to oxide growth. Following oxide growth, gates
tion of the structural characteristics of rutile films grown by (Pt/Au 1000/2000 A were deposited on the remaining die.
molecular beam epitaxyMBE) on GaN and AlGaN/GaN  cyrrent-voltage(l-V) measurements were then performed
structures, the electrical characteristics of devices “t'“z'”%sing a curve tracer. Leakage current and transconductance
T?OZ as a gate dielectric, and band offset measurements %easurements were performed using an HP 4145 semicon-
TiOz/GaN. ductor parameter analyzer. Capacitance—volt@eV) mea-
surements were measured using a Keithley 690/ meter

Il. EXPERIMENTAL PROCEDURE and on-wafer Hall patterns allowed measurement of mobility

GaN and AlGaN/GaN HFET structures were prepared byand carrier concentration prior to and following oxide
metal organic chemical vapor deposition @plane sapphire growth.
substrates. The GaN samples used were standard fhick To investigate the band alignments between the oxide and
templates. AlGaN/GaN HFET structures consisted of asemiconductor, x-ray photoelectron spectroscof§S) was
2.6 um thick semi-insulating GaN base layer, followed by aperformed and the method of Kraet al. was used to deter-
0.5 nm thick AIN interfacial layef; and a 30 nm thick mine the valence band discontinuitésSamples with 15,
AI 0_363_0_7N cap Iaye_r. The _base Iayer was rendered 3gemiBO, and 50 A TiQ on GaN as well as AlGaN were measured
insulating by Fe doping during the first 0un of growth: in addition to the bare semiconductor surface and a thicker

Titatium dioxide was grown on the samples using MBE. TheTi02 layer (~400 A on GaN to use as a bulk TiQrefer-

S.amp"?s used for structura_l characterization and growth ORsnce. The analysis was performed using a Kratos Axis Ultra
timization were cleaned using a standard degréasetone,

isopropanol, de-ionized watefollowed by an HCI dip. The system using monochromatic K, x rays. A two-point en-

samples were then mounted using silver paint. In the MBEirgé dcallbrat||(on V\{?S performsdt and. thg tAiLA %iagoan\(jl f
chamber, the samples were heated-#650 °C as measured g 3052 peak positions were determined 1o be o2.00 eV Tor

by an optical pyrometer under vacuum to remove any re@ polycrystalline gold foil and 368.2 eV for silver paste, re-

maining organic contaminants. Titanium metal was subli-SPectively. The difference between the commonly accepted

mated from a hollow Ti-Ball™ sourcésublimation pump value of 368.27 eV for the Agd,, peak position and our
sourcg, which was heated by radiation from a resistively measured value is 0.07 eV, giving us high confidence in the
heated filament inside the baflIt is known from previous ~calibration scale given that there is almost a 300 eV separa-
oxidation studies that titanium requires relatively high oxy-tion between the two peaks. Additionally, the Axis Ultra sys-
gen partial pressures to oxidize it compleﬁflgzherefore we tem has a charge neutralization system that reduces charge
used an oxygen—ozone mixtute-10% ozong as the oxi-  buildup during the analysis of insulating materials that was
dant. Titanium was deposited in an oxygen—ozone backutilized during the measurements.
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Fic. 2. —26 scans of 500 A thick Ti@films grown atT,,=500 °C on(a)
GaN and(b) AlIGaN/GaN.

Fic. 1. RHEED patterns ofa) GaN along the[llgj] azimuth atTg,, . . . . . L
=500 °C just prior to initiating oxide growth(b) TiO, along its[001] azi- intensity modulation along the diffraction streaks, signifying

muth (the[1120] azimuth of the underlying GaNafter the growth of 500 A @ three-dimensional growth mode. The RHEED patterns

of TiO, at Tg,;=500 °C,(c) TiO, along its[010] azimut%the[il?ﬂ] azi- showed 001}o, {1120)g,y With three rotational variants as
muth of the underlying GaNafter the growth of 500 A of TiQ at T, will be discussed below.

=500 °C.
XRD was used to evaluate the phase purity of the films,
determine the epitaxial orientation relationships, and assess
lIl. RESULTS AND DISCUSSION their crystall_ographic perfection. Figuréa® shows a0—29
o . scan of a TiQ/GaN sample. The presence of only diffrac-
A. Structural characteristics and epitaxy tion peaks at 2=39.6° and 85.4°, corresponding to the rutile

Initial growths for structural characterization and growth 200 and 400 reflections, respectively, in addition to the GaN
temperature optimization were performed on GaN templatesind ALO; substrate peaks indicates that the oxide film was
It was found that phase-pure epitaxial rutile films were stablgphase-pure rutile. The full width at half maximu@WHM)
only in a small temperature window500—-550 °Q. Lower  of the 200 rutile peak was 0.31° in62the rocking curve
growth temperatures result in mixed-phase anatase and ruti@VNHM was 0.78°. The out-of-plane lattice parametay
films, as revealed by XRD. Figure(d shows a RHEED was determined to ba=4.55+0.01 A. Comparison to the
pattern along thg1120] direction of the GaN surface prior to bulk value for rutile, a,4.=4.59365 A, indicates a very
growth. Figures (b) and Xc) show the RHEED patterns slight compression out-of-plane in the MBE-grown film. Fig-
along the[001] and [010] directions of the rutile film on ure 2b) shows ag—26 scan of a TiQ/AlGaN/GaN struc-
GaN, respectively. The GaN surface was smooth, while théure. Again, only peaks corresponding to rutile 2029
TiO, surface was slightly rough as indicated by the weak=39.6°) and 400(26=85.4°) were observed in addition to

JVST B - Microelectronics and Nanometer Structures
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the AlGaN/GaN peaks and /D5 substrate peaks. The epitaxial orientation between the film and substrate is

FWHM of the 200 TiQ peak in 029 peak was 0.29° and the (100)[001],ell(000D[1120]can aNd[010],ysie ! [ 1100 Gan:
rocking curve FWHM was 0.72°. . The epitaxial orientation relationship betwe€r00) ori-
ﬂ':'gtli”ﬁs Sﬁi;fgofbr)i Snk:mcljv'l(ﬁ Siﬁrrrlf af(g%%]?fga)’(\'ls iﬁo ented tetragonal Ti©and (0001 hexagonal GaN can be un-
Egogtjz) ,OA\I(;aN, respe?:tiSeI; Th? FWI-(|)M of the 1a10 6:utile derstood py considering the oxygen array of the film. The
peak in¢ was 6.5° for the film grown 0rf0001) GaN and Oxygen anions f°fm an approxmate!y close-packed strucj[ure
6.4° for the film grown on(0001) AlGaN. Figures &) and with the cations in octahedral or distorted octahedral sites
— within the close-packed oxygen array. The close-packed oxy-

3(d) show ¢ scans of the GaN 1@Lpeak and that of the gen network is similar to the hexagonal lattice of the GaN

1014 peak of the underlying sapphire substrate for this samg,ysta| allowing heteroepitaxy of the Tidilms. There is
sample. In all scans=0 was set along the GaNLO10]  approximately a —7.7% lattice mismatch betwd®01],,e

in-plane direction. If the rutile films were single crystal films, , . .
two peaks separated by 180° would be present due to thaend [112]eay (ith a 1:2 match and _approxmately a

twofold symmetry along th100] axis of rutile. In contrast, ~20-1% mismatch betwed®10].e and[1100]cay (With &

six 110 peaks, separated by 60° were observed, indicatinbiz match. This poor match explains the relatively large
that the films had 120° in-plane rotation twins. Similar mo-in-plane FWHM iné.

saic structures have been observed in epitaxial rutile films Figure 4a) shows a plan-view TEM image and selected
grown onc-plane sapphire, even though the sapphire surfacérea diffraction pattern of a 50 nm thick Tj@Im on GaN.
has three-fold symmetry rather than sixfold as theThree variants are visible in the image, confirming the x-ray
GaN surfacé”® These ¢ scans indicate that the results. A schematic of the three rotational variants of ;TiO

> FiG. 4. (a) Plan-view TEM of a 500 A
thick TiO, film grown at Tg
=500 °C on GaN an¢b) schematic of
the three rotational variants dfil00)
oriented TiQ on (0001 GaN. The ori-
entation listed is for the lower left
variant.

a

[001] TiO2 || [1210] GaN
[010] TiOy || [1070] GaN
[700] TiO5 || (0001) GaN

J. Vac. Sci. Technol. B, Vol. 23, No. 2, Mar/Apr 2005
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Fic. 5. Dark-field (;rOSS—SECtIOI’]él TEM images of a 500 A thick F#m Fic. 7. C-V characteristics of capacitors on standard HFET structure and
grown atTg,;;=500 °C on GaN witt{a) g=0002 GaN andb) g=1120 GaN.  yith 4 500 A thick TiQ, film grown atT.,;=500 °C under the gate.

on the GaN surface is shown in Fig(b} The grains are ) -
. : conductor surface appears to be preserved; no transition layer
rectangular with widths of a few nanometers and lengths of & . . .
: . . Wwas evident. All of the cross-sectional and plan-view TEM
few tens of nanometers. Dark-field cross-sectional TEM im- : . : .
S X . .results, including the electron diffraction patterns, show that
ages are shown in Fig. 5. A columnar grain structure is evi- . - . - . .
L : there are a high density of twin lamellae in the film. Details
dent, indicating that the threefold mosaic structure was . e . . .
. . of the microstructure of the Tigfilms will be described in a
nucleated at the TiggGaN interface and then propagated as : L
o forthcoming publication.
the TiG, film grew.

High-resolution images corroborated the epitaxial rela-
tionship found in the x-ray scans. Figurépshows a high-
resolution image of the TigGaN interface, and Fig.(B)
shows a high-resolution image of the Bi@IGaN interface. C-V curves(Fig. 7) were measured on devices with and
The interfaces appear smooth and the integrity of the semwithout a TiO, gate dielectric layer. This sample was grown
at the same time as that in Fig. 5, and the oxide thickness for
this sample was 50 nm as measured by TEM, which was in
good agreement with the calibrated growth ré&talibrated
using a quartz crystal microbalanc&he dielectric constant

of the rutile film can be extracted by rearranging ED.to

B. Electrical characteristics

C - (i i>_1 (3)
oxide — CMOS CMS
or
Cuis - toxi
ko><|de: C MS_—oxide . (4)
( M5 —1) gg- A
CMOS

Here,Cyos andCys are the measured zero-bias capacitance
values (Cys and Cpigany from Eg. (1), measured with and
without TiO, under the gate, respectivglyt,yide and Koyide

are the TiQ thickness and dielectric constant of TiQe-
spectively,gq is the permittivity of free space, anl is the
capacitor area. The dielectric constant extracted for the rutile
film from the data in Fig. 7 wa&~ 70, which is slightly
lower than that of bulk rutile films in tha direction, but is in
good agreement with reported values for rutile thin
films.>*~?° As can be seen in the Fig. 7, even though the
gate—channel separation increased by 50 nm, the threshold
voltage of the metal-oxide-semiconductor heterostructure
field effect transistoMOSHFET) was only -1V larger
than that of the HFET-7 V), due to the higtk of the oxide
layer. Neglecting interface charge and assuming that the
charge in the channel was the same for the HFET and the
Fic. 6. High-resolution TEM image of 500 A thick Tigfiims grown at ~ MOSHFET, the threshold voltage of the MOSHFET can be
Tsu,=500 °C on GaN and AlGaN. related to the threshold voltage of the HFET by

JVST B - Microelectronics and  Nanometer Structures
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Gate 1000
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1600 <
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ko] 1404 e,
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1200 _ 207
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(b) Volts
800+
t Fic. 9. (a) Transfer characteristics an() transconductance curves for
S 600+ devices from Fig. 8.
E 400
2 200]
0-

50 3 4 8 8 10 12 14 dimensions were as follows: 7@om gate width, 0.7um gate
(c) vd (Volts) length, 0.7um source—gate spacing, andufh gate—drain
spacing.l-V characteristics from a standard die measured
Fic. 8. (a) Device schematic of a MOSHFET with Tidunder the gatelb)  prior to TiO, deposition and an adjacent die following TiO
|-V characteristics of a standard device with no oxidg!—V characteris- d iti h in Fi d tivelv. Th
tics of a device with a 500 A thick TiQfilms grown atT,;=500 °C under ep(_)SI ion are shown in Figs(t§ and &c), .reSpeC Ively. The
the gate. maximum current for the standard device was 1.1 A/mm,
while the maximum current was 1 A/mm for the device with
TiO, under the gate. Hyseteresis in theV characteristics
measured with the curve tracer is the result of traps in the

Q=ans= CusVrms = CmosVrmos: () structure. The hysteresis in the device with Tithder the

whereVyys andVyyos are the threshold voltages of the stan- gate is larger than that of the standard device, indicating
dard HFET structure and the MOSHFET, respectively. Therapping at the interface or in the film.
difference between this estimate and the data are related to Figures 9a) and 9b) show the transfer characteristics and
the interface charge or oxide charge. Using thgs and  transconductance, respectively, of the devices from Fig. 8.
Vims @s well asCyos from Fig. 7, the threshold voltage of The saturated current density of the MOSHFET was slightly
the MOS Capacitor can be estimated to be approximateupwer than the measured value for the HFET at a positive
-8 V, which is in good agreement with the data and alsadate voltage of 1 V. The higlk of the oxide allows the
indicates a low density of interfacial trap states. The datdransconductance to only drop te140 mS/mm as com-
shown was for the best device measured and several othpared to~177 mS/mm for the HFET, even though the gate
die showed a slightly lower threshold voltage, indicating ato channel separation of the MOSHFET is increased by
slight loss of charge. In this case the charge discrepancy w& nm as compared to the HFET. This increase in gate-
typically (1—1.5 X 10'2 lower than that of the standard de- channel separation also results in a more negative threshold
vices. Hall data were taken prior to and following oxide voltage, although again the highof the oxide results in a
growth on the same patterned die. The carrier concentratiosmall impact, as can be seen in Fig. 9. The transconductance
n, was measured to be 1.40L0' cm™2 and the mobility was loss and threshold voltage shift are in good agreement with
1707 cntV~ts™ prior to oxide growth. Following growth those expected from the capacitance ratios of the devices
these values were 1.3610 cm™ and 1755 crAV~ts,  with and without a TiQ gate dielectric. Two terminal gate
respectively. These results indicate that the AlGaN/GaNeakage measurements for devices with and without the TiO
structure retained its integrity during oxide growth. gate dielectric layer are shown in Fig. 10. The gate leakage
Figure 8a) shows a schematic of the devices onwas reduced by about 4 orders of magnitude for devices with
AlGaN/GaN structures with TiQunder the gate. The device a TiO, gate dielectric.

J. Vac. Sci. Technol. B, Vol. 23, No. 2, Mar/Apr 2005
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C. Band offset measurements Binding Energy (eV)

. (ane f}OSZIblZ drawbac]fk tqdusmg -EIGIT adgate dlelec_trrl]c. Fic. 11. XPS spectra showing core level peaks of 15 A ;Téd AlGaN as

Is t a.t the band gaps or oxides .typ|C3- y decrease WIth INye| as AlGaN TiQ, valence band leading edgéased. The double arrows

creasing dielectric constatit. Rutile has a band gap of indicate separation between the core levels as well as an example of the core

3.0 eV, while that of anatase is 3.2 &Y Given the wide level-valence band offset used in the band offset calculations.

band gap of GaN3.42 eV}, knowing the band offsets be-

tween the insulator and semiconductor is very important. The o

band offset can be determined by measuring the energy difral samples were measured and a similar value of

ference between a core level and the valence band edde’-1+0.1 eV was obtained. The;/ia“le(%d‘Ev)mGaN was

(EcL-Ey) for each material in a heterojunction as well as themeasured to be 17.16+0.05 eEz,~Ey )0, was measured

difference between the core level binding enefgEc,) to be 34.45+0.05 eV, which is in reasonable agreement with

across the heterojunctidii.In the TiO,/GaN(AlGaN) sys-  the value of 34.38+0.05 eV reported for anatase,TOrhe

tem (E¢,—Ey) corresponds tQEg},‘Ev)Tioz for the TiO, and ~ core level p_eak spectra of 15 A Tjn AIGaN_as well as

(ESa- Ev)canaican for the GaN system, andEq, is given the “bulk” TiO, and AlGaN valence band leading edges are
Ga_pTi - : hown in Fig. 11. The values ¢ES2-EL) for the 15, 30

by (Ezy—Egp) and is measured across the interface of the’ 3d _ =3p s OY,

samples with thin Ti@. The energy difference between the @nd 50 A films were found to be —17.3+0.2 eV for both the
valence bands can be calculated by GaN and AlGaN samples. The valence band offset obtained

Ga i - Ga for GaN from Eq.(6) is thenAE,=0.09+£0.25 eV. As dis-
AEy = (Egy ~ E3p) + (Egp = Evtio, = (Esg ~Evlean-  (6)  cussed earlier, the band gap @ulk) rutile is 3.0 eV and

The valence band edge is difficult to estimate with accu—GaN 's 3.42 eV. Using the equation

racy. Linear extrapolation of the valence band leading edge AEc = (AEg)rutie-cant AEv, )

to the energy axis can be used with an estimated accuracy of . . .
+0.1 eV>® The resolution of this method can further be en—Where(AEG)m“'e‘GaN is the difference between the rutile and

- +
hanced to £0.05 eV by performing a linear regression of theGaN bar)d gapsaEc is estlmgted tq be 0'34‘0225 ev. A
. . X chematic of the proposed lineup is shown in Fig. 12. The
linear portion of the leading edge of the valence band as we " : . .
camposition of the AlGaN layer in this experiment was
as on a set of background channels between the valence ban

maximum and the Fermi level and taking the intersection ofﬁ‘ Xg-gﬁaé’@?:l('(liﬂlg e\t/heto le:::ﬁ?nsg(tﬁ)ezxféi deV+a{1 of
the two as the valence band maximdfiThis method has ' ' gap

been shown to agree well with the method of Kratial>?
that consists of fitting the measured valence band spectr;m
with the broadened theoretical valence band density of state T A" =038y 1o,
by the instrument response function, which is determined b £r == === =F == === == === - == - =-=—=-=— ¢
fitting the Au 4f core level with theoretical peak&>’ ES 23,4200 ET® =3.0e¥

The linear regression method performed on the valenc
band edge of GaN resulted in the band edge energy &
2.95+0.05 eV. The centroid of the Gd Beak was at 20 eV, ” (E] B
making(Egda— Ey)can=17.05£0.1 eV. Values in the literature s = B doamcuoun = 1T-120-1eV =34,45i.05;V
have been reported as 17.7-17.8%¥and 17.1+0.1 e\?° ES
Kocan et al. measured a GaN template grown at University I AEg =-173eV
of California, Santa BarbardJCSB) (although on Si€and
from the valence band edge and the position of the @a 3r 12. proposed band linetpot drawn to scalebetween TiQ and GaN
peak ShOWI”(ng— Ev)gan—17.2 eV can be deducédSev-  based on data from XPS measurements.

Ti0,
E 14

AL, -0.05eV

7i
£,
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