SEM CONDUCTOR DEVI CE COVPRI SI NG A PN- HETERQJIUNCTI ON .
The invention relates to an electric device

W@ 0up/0648Ng: a sen conduct or body tonpri si ng aPQr/iRo04/082864
sem conductor material having a surface, a
nanostructure of a Ill1-V sem conductor material. The
invention further relates to a nethod of formng a
pn- het eroj unction, the nmethod conprising the steps of:
form ng a nanostructure of a second sem conductor
mat ersEdLCOMUETGRUPEACE OIMPAISENG & ONGHETEROIDOUVY OB a
first sem conductor material, the first sem conductor
mat eri al conprising at |east one elenent fromgroup |V
of the periodic systemand the second seni conduct or
material being a Ill1-V material. In this application a
nanow re 1s ’ﬂlem}{ti&ﬁ\éla{bg t&hn L16A3E dRRE cbﬁbl‘ﬁi@%z,
di mensi on between 0.5 and 100 nm nore in particul ar
between 1 arsdseBirondnctopbedyeecniprisinglaesronpridviemécohdustarwenterial having a
Iagﬁﬁﬁg di mensions in the range nenti oned above. These
di nensi’ons can not be made, or at |east not nade
easi |y w t h gpleoostiuttiteadadJHY senaibérhioctghmatiuged e

di nmensi ons e .hi ghl si r.abl inth ive for . )
S Aot vac i i3 B d Rehafoftoinkie b Bh-heterotunction, the
be ntdthold detlptigiigtht egeofirai n sub-i ndustri es based upon
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PhesmbbRctor Bl of 4 fiest SérhiceRRcloembRAAIOgY i1s the nost
dom nant technol ogy in terns, of application_and

math§rifrethpemicangdusior Majcgalponurisiag gt least pregement frmeEroynlV of the

10 2P Bbrided dySmi Aid fiedBednt SEHRBEIcRP RlateFial Hefs FANV nldriag al
appl i cations, wherﬁﬁgalllun1arsen|de and i ndi um ) )
phosphi de arlB thihgphgation 3MBQypFs isebodphavingzt leastpRg lateral dimension

| ab,g6ebiRd 5 be®100 T idull® bEeerm %{Hﬂitﬁi}nhﬁ&\éﬁgﬁ dthe nanowire

silicon being a group IV sem conductor material,

gahas twin latersbdimgesiens dn tha dingammebesdiablevebot h bei ng gr oup

[11-V materi . ' t [ .

chip diffic uﬂe%%&&%ﬁ@s% Pt %haﬁ?‘gg’i%?g?%h‘?é%rdgtg%‘sg Yo
15 gr phggolithdgraphyestthoughtthese clirgensions preihighty desipablle intthesdrivggor
re eL_ggmﬁkggkﬁfgant interest due to the potential of

ofi hi ng

conbif conplerentary |11-V devicetechnol ogi es and

per formances, such as opto-el ectronics and
high-freq uenﬁ%é sgrgi\cl:l)gd%%for }’r\l'idasr%ry can be divided into three main sub-industries
based upon the three most applied semiconductor technologies: silicon (Si), gallium arsenide
20  (GaAs) and indium phosphide (InP). The silicon technology is the most dominant technology
in terms of application and maturity, however the physics of silicon limits its application in
high-frequency applications and optical applications, where gallium arsenide and indium
phosphide are the most appropriate materials. The large lattice mismatch and thermal
mismatch between silicon being a group IV semiconductor material, and gallium arsenide
25  and indium phosphide both being group III-V materials render the integration on a single
chip difficult for the three materials.
Integration of group III-V semiconductors on silicon substrates has received

significant interest due to the potential of combining complementary III-V device



the silicon technol ogy, e.g. the CMOS technol ogy.
G oup PI-V sem conductor nmaterials may be accommobdat ed

wo@n)oso6468Nt egrated with, group |V sem conduct oPCT/IB2004/052864

mat eri als by using one or nore buffer layers. In the
US patent application 2003/0038299 nono-crystalline

GaAs | ers e grown naS||consu t e b . )
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na§§%68¥18?){:? C%HW%% aﬁ¥°I i ne GaP nanocrystals were

gr own in a dhefecl lattieamisanich abeye ﬁhmﬁblelﬂtofantl phase domains. In the
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71 545 ricioeht-bs ASHOREOHBRBONAR Of GAGNGFD S o (BB the method
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SO t
el ewterink &n (6O serdices, thegwo pnmblﬂ p{waés dnﬁarcbgrawt’ ml plank trotation. At the:

5t o RS, PGP can e
S e nlecteingl lycictive aldentnsta mmrapnnmmcmlsnm@h eentanocr yst al .
Such a recombination center generates leakage when applied in pn junctions.
Moreover the nanocrystals are embedded in the GaP layer, so that it is not
possible to make an electrical contact to an individual nanocrystal. It is therefore very
difficult to manufacture an integrated circuit of semiconductor elements, in which a

semiconductor element comprises a single nanocrystal.

It is an object of the invention to provide an electric device of the type

mentioned in the opening paragraph that has increased functionality.



It is an object of the invention to provide an
el ectric device of the type nentioned in the opening

waragesph t hat has i ncreased functionality. ThRCDIB2061052864
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of the invention is achieved in that the nanostructure
isS a nanowire being positioned in direct contact with

t he surface and, havi a first conductivity type, the )
semi conduct oﬁ“’d’(? ' ‘i"ﬁ% hyengon ésca(?_ﬁ’ﬁv?fg‘ﬁ 811?6 E%W%/({}UPWS Is a nanowire
OpBEisj; p6sifichell MEditdct Sdntact Wigh thaRMMAce@nd BEVIIWIiME EdhdidiRity type, the
sen1conductoE baody. a pn-heterojuncti on. Nanow res of

| | pemicenareion pefydeging ﬁﬁ?cé’i“g SPNAHERVALY AYReORp PG &0 Thgfyrst, the nanowire

el ?&Hiﬁ%q@ith HedeARbRIBIP By ARl hdiir§iRRsHohes. Because of
the smal|l size of the nanow re quantum confi nenent

phenomena meYyenwdtey of IH e sepicenductor maispelhaveasiiadiye newelectrical and
Prg [Jléc?ﬁcapf)rog 18y, Be AUV WE MalISiZ 3P R GQaflGwit G uYeoRfinement
proper choi ce mat eri al and di mensions. In
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el ectrozoptical properties. now res of conpoun
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oS Bl 153 P PARHEER: QRS TBRA K consp, mas o,
i nirelgiPadovarra wide ginky in bhadgap dhd mobidity. Moresveeidnodites dllow ultra-high
pn- het er o] n%%%og b@%meen a nanowire of Il11-V materi al

anP§ §@£%§@ 8 Conpri sing a group 1V el enent, '
such as Si  OkccoRling t6 tHeGhveaton, Apa-HetneguAdtien b&veEn Dowire of III-V
part of the pn:heéerojunctLon, beiq? n-type or ;t%?e:
TREeSERE LI ROEHE CBRPTRARH BPU LY PEReRos B pSkpr Ce, Is formed.

I eSRERirowsleXoras onb BarPot P Bn-RéterdfunY i, BEAZ &9 WE b Ype. The other part
bod The el ectrical_ properties of the nanowire are of

i nﬁgﬁhﬁ RRdsterqiyncHan isifermed respestively G thegutyge apbiipe stmisprgductor body.

t hgng SRLdpkdpértRDOtthd nRwie Wre &qmga@gtnc@ ) F&chﬁériﬂfﬂﬁgh speed .
or p-type dopant concentration i s Tavourable. The PI-V

naARRAicptéons] theyesistivey shert be ko, exthet a higly httynsi ar p-tape dopant

f | I Vi _' 1 . . . _
| CARARR R ELARE TP I WL NSTAR g o vt v
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s e iegadtedigwiug eBhequmelietengumgbibn issngoiporant buitting ek foesegeral devices

light emiting,di.odes, and.heter.pj uncti on hi pol.ar .. )
v S Pt 88 Rino A MR BB B eRiocon ipolar
nagemdistesof I11-V material 1s a diffusion source of

oD s B BB P LI i
PekduPst oF ddYit 8Fins lint€ thelsbmi¥Bydue®r Boddi. THE M- Vandt&ddd afay include more
or thaan %()a telgrrngr%g ¥rom the periodic system, i.e. it may be a binary, a ternary, or a quaternary
compound, or may be a compound containing more than five elements.
The semiconductor body may e.g. be a group IV semiconductor material, such
as silicon or silicon-germanium (SiGe). The semiconductor body need not be a substrate of a
bulk material. The semiconductor body may be a top layer supported by a bulk material of
the same or a different material.

The invention is based on the insight that group III and/or group V atoms from

the III-V material are dopant atoms in the group IV semiconductor material and that the



conmpound, or may be a conpound containing nore than
five elenents. The sem conductor body nay e.g. be a
W@ e@364687 sem conductor material, 4uch as sil i PONIB004/052864
silicon-germanium (Si Ge). The sem conductor body need
not be a substrate of a bulk material. The
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hi ghest diff fficient jn th roup L. . .
seniconductJ?ﬁ?SSWf§SHW¢YBﬁ@?F%ﬂ“ﬁwﬁﬂﬁ?ﬁ@grd&%mwncmﬁﬁmaﬁls
s e Migchanﬁmﬂl@ Eolfde%jﬁbﬂit\flbﬁhe 5t61iik /0 AheCi gher Bﬂ‘ﬂl}ﬁog @8efficient, pn junctions
pe or pe dopant atonp osi te conductivity
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15 SOlaupint prowileq$ fored, ¥ HaHBcawibt BsedA@vdnl usBi ih isth&fuifacturing of bipolar
coefficient is hlgher than the solid solubility of the

at GBI E-h t he hi gher diffusion coefficient, pn

junctions arﬁefﬁﬁﬁ%ﬁ‘eré RS oA inhd YRBcHdudtol BHH? in direct contact with
sem conduct or his neans that a pnp or

dofemanyiss whg;h,hgs ﬁ]grsm@jcor\ﬂmtzyﬁy &R apthe parqyvire. L}hls may be an ultra-
ad Vi@ gﬁ&ﬁéﬁ 4 s @f ﬂ&ﬁﬁﬁ%bﬁ%ﬁ@g % a Peln@Q b&bw 20 nm. Such a small
transi stors. Prefera ereis |ge I on the

20 s e dineanpiduscean rnOblw;Aadenwdl phetdlithographcin amehfrle W@y The pn junction is now
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nanow r e e an OW | unction o
s rractrincd)ralmamais nd |1cvrgnlsuho nkge ef the mntahurgamlgendmhaw tRdD tlrerdaactncal
can not, be nmade with

ph8f°8FmF?1% !’a%lh{}m"thon ca?é’F PP E%ay. The pn junction is
now | ocat ed "JThBSlamtﬂwtehﬁa}Slm remn@halcatﬂef folaation of e shallow junction.

S AN IR ARV AU T A
SO pI)JW@Jn thd@erl @mtdct @Iﬁﬂhe small Junctlon, it is desirable to form spacers around the
nanowire, before selective removal of the III-V nanowire from the semiconductor body.
Because of the small area of the junction, the depletion capacitance can be
very small, which allows the manufacture of ultra-high speed devices. Because the
30  dimensions are of the order of te Bloch wavelength, quantum size effects can be
advantageously be used in the design of devices.
The III-V material may comprise an excess of the group III atoms and/or the

group V in the nanowire e.g. built in during epitaxial growth.



properties of the pn-junction can be inproved. The
nanowi re nmay be renoved after formation of the shall ow
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further reduce the contact resistance. In order to

position the nmetal contact on the small junction, it

i s desirabl to forms cer ound the nanow r.e,. )
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the unct i h | etion acitance_can be very
ejlsemtﬂ‘ﬂ“g‘t‘ffoé%f"ghg‘ Eg Rathesis 8? sgtoasl gangg of pipgry ang Ejﬂ’ary -V
s peeﬂtmdey isOshly BRGAHHSA tyNe €A RBSoRARI BE gldhih %ﬂ)@fature

of te Bl och wavel ength, quantum si ze effects can
advant ageoudiyn pdvaniaaepus gmbeimg o the resthadeny tb%@“‘fa%ef the

I Een%c%%f Bid 'T@t‘)él &'@émff nREal B2 FRIREISTRS mbdEis gt{o‘PthF f!)llnlmg a droplet
atons and/ or t roup In the nanomre e. g

dutlishemapive axh edthajraoia growmenmmvmméhq:motrélquld solid growih method,
ep 'sﬁd?l)%'s ﬂseryabgs'tl h%"ngru)vﬂre 1981%%"9610%9 %g%y&@he surface of the
ar suc as a | asSer aSSISte cat

gr s&mmcmhtﬂanmdydA iguidlajlop dropletcamitnifing the ofetd] had the semlconductor
TSNS B ) LT o R S0R v
by of fhe whi@r Dleit methmi) ﬁ;sr:lotnpaﬂi'blawdh tekistirgy Iﬁ,\/ﬁbd'hnblegjaéf Rialsb @ossible to

& PR AEREE Ry R B R caftighe Sudlionar & s (e hwoupe.

are provi dedslthbhigh theteddary SndqlateSiary HDIVVHIEHQI% g‘i{l@ﬁb&tfreedom to
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A
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LRI R0 ) RSN BB BB
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nagnstr4telGf MéyEbe ﬁobﬁble lﬁyglbﬁ'ﬂﬁi&fs ivith largBathioRidss bt ivBatwhdybe obtained

very few defects, or even
w)1/th an overlayer of the same material. Nanowires of InP structures with longitudinal

dimensions larger than 20 nm may be brought into epitaxial relationship with a SiGe
substrate because due to the limited lateral dimension the strain is relatively small and may
be relaxed at the surface of the nanowire.

The nanowire may be an elongated structure projecting away from the
substrate. The elongated nanowire may possess a specific aspect ratio, i.e. with a specific

length-to-diameter ratio. The aspect ration may be larger than 10, such as larger than 25, such



defect-free, possible, and further rendering possible
an epitaxial relationship between the nanostructure

waodsobessubstrate. The invention $s further bRGEEUB200W052864

the insight that it is not possible to grow epitaxi al
overl ayers above a certain thickness of certain
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contact. area. The lattice m snmatch between the

suBLPFEeEO bt manAwirg Siteaen olbpradxaniagss plsubsiantially singlgrerystal nanowire
10%ciRb efat R 8evidBBLitES mbRARIIBIAnSHE R rASn MF bk %m&\i%a e, 43trans1stor

such as smaller than 4% such as snaller " than 2%
| aevieceVith & baterdefingd V@i&agp Hrepbeld: Wiy legs leal curigply evnthtbn%m

1% agléeity! %56 ?x&% HeRBRiredo thﬁ?fo?ﬁeﬁcﬁ@ H&je@ oﬁ’BoA &hgik € stal nanowires.

m smat ches’ en group
sem conduct dihe prancavifeanay, bettheaﬁlln@ttqnakc@mppmnaoﬁmd@eqewelemd from the

I'n Ero‘aﬂ gon%tlﬁé]gf p%'onémsba%dgaéo c%%!es, quantum dot devices, thermoelectric devices,

photonic devices, nanoelectromechanical actuators, nanoelectromechanical sensors, field-
effect transistors, infrared detectors, resonant tunneling diodes, single electron transistors,
infrared detectors, magnetic sensors, light emitting devices, optical modulators, optical
detectors, optical waveguides, optical couplers, optical switches, and lasers.

A plurality of nanowires may be arranged in an array. By arranging the
nanowires in an array, integrated circuit devices comprising a multitude of single electronic

components, such as a multitude of transistor components, may be provided. The array of the



8.1% respectively. It is an advantage that it may be
possible to provide epitaxial relationship between two

woresisbs havi ng such relative |afge |attice PCT/IB2004/052864
m smatches. It is expected that the larger the lattice
m smat ch, the thinner the nanowi res have to be in
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ar payTi.By arranging the nanowires in an array,
integrated circuit devices conprising a nultitude

single el ectySAAROVHERBHeYer alspdy e lff?ralategrwh methods.

t r apsdxaiple, He FRRMRSay H'éBg\‘O\b@e]ﬁfaQM ngﬁﬂa coht¥Rt 11¢ A¥m@fvapour phase or.
t henanowi res may be provided in conmbination with

20 5 e figeiel pBgsey lreﬂéhols in %d@@f’té‘é {qyshcaypting the pubsiirie excspifgr the position of
I Nele\HaflMke. N@anowi res, or a group of nanow res.
According to a second aspect of the invention, there
i s provi ded Referenchaepdeto 4 eanpving rae n@pé/rrequ@@mmre ety does not
neﬁrﬂl%tectﬂﬂp&laél(&% I'nlag ?rflfﬁ) é?lggle nan Qlfr@ NMrehan one nanowire, such as a
nanostructure a secon sem conduct or
maphiraliay ofmnewisesis slsecaybred by swdhgofktnotsor body

25 (2,42, 50) OfTh%se nd%&hef gsgkc%s? ri}gaﬂﬁgsognd%?%@ah és otfl?l% 1;1{Ie{n§{)n will be

sem conduct or one e

f r appagmofrpmlayd efucitlhted pith n*e:feimcest.y ﬂte@mbadmehtseiembembbremaﬁer.
sem conductor nmaterial being a PI-V material, wherein

the nanostructure is a nanowi re grown on the surface

of the

Embodiments of the invention will be described, by way of example only,
30  with reference to the drawings, in which:
Fig. 1 shows a schematic of a n-type nanowire of III-V semiconductor material
on a p-type semiconductor body forming a pn-heterojunction according to the invention.
Fig. 2 shows an n-type region below the nanowire formed by outdiffusion

from the III-V material.



sem conductor body and receiving a first conductivity
type, the sem conductor body having a second
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nanowi re nmay however al so be grown using different

growt h net hods. For exanple, the nanowi re may be grown

epitaxially in a cont act hol e from a vapour phase or
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f eailiceresxidmnid /dqvosmﬂ/ enteryefshofilicane@xideastet & DIITPWW$1$'E I4yer such as

ap t
o SR in /s VE e Bl RIS, I o RS bt imography or -
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nanow re foraege l@}s(ttd?ﬂﬂd@ihf)ffoic@isﬁﬁyérraﬁﬁﬁtilh@ef Islevaporated. In this example
mat eri al . Fig, 3a-c show % sof
nam?s”t“’rt%}éﬁff B @rrmn%ﬁz e&er’ﬁ*? el 1%6&%@%505’6 R or Ti

| mpger. Rkq ﬁlf&%ehﬂfo?fhta@lﬁﬁ nReN WO s Bt # BHOuNBIYD SdabtUGHHhE phdtoresist
cont act vvlth Ge( Flg 5 shows XRD pol e dj agrans

201 TEorAHOSE oSEkiaR BN B e oR L TepaYE lenyrs fpymore
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ncmis provid a nanow re of PI-V
ohtortal | HineRiEGo e s fehotrS S fegoy ) together with the metal

layer that is present on the resist layer. After the lift-off process, the Si body is provided with
small areas of metal.
25 In a next step the areas of metal, in this case Au, are heated at an elevated
temperature so that a droplet is formed of Au. In this example some Si is dissolved in the Au.
Subsequently an InP nanowire is grown on the Si semiconductor body by
means of a vapour -liquid - solid process. The substrate was maintained at a temperature in
the range of 450 to 495 °C while an In and P concentration was established using laser
30  ablation, and maintained during the growth of the nanowires.
During growth the liquid alloy droplet containing the Au and Si is located at
the tip of the wire and moves along with the growing end of the wire. The nanowire grows
along the Si [100] direction. During growth Si atoms diffuse into the InP nanowire. Si is an

n-type dopant atom in InP, so that the InP nanowire is n-type after the growth process. In this
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dielectric layer of silicon oxide is deposited. On top

of the silicon oxide Iayer a photoresist | ayer such as
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usl on source atons 1 n
semiconductor material e.g. by wet chemical etching. The nanowire can be replaced by a

metal, such as Ni, so that a metal contacted ultra-shallow highly doped junction is formed,
which may be the emitter of a bipolar transistor.

In another embodiment the III-V semiconductor material of the nanowire (3) is
GaAs and the semiconductor body (1) is n-type silicon. The Ga atom has a higher diffusion
coefficient in Si than As, but a lower solid solubility. In a temperature range above 950 °C,
the Ga atoms form a p-type region (6) in the n-type Si semiconductor body. If the
temperature is raised above 1000 °C, the As diffuses into the Si as well, overdoping the Ga
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between the wire and the substrate is readily recognized. Some stacking faults 8 (3 to 5
twinning planes) are present, however the stacking faults are grown out after 20 nm. Further,
it may be observed that the Ge lattice (direction) continues in the InP lattice, meaning the
wires really grow epitaxially.

The epitaxial relationship between the nanowire and the substrate is further
elaborated upon in connection with Fig. 5. In Fig. 5 X-ray diffraction (XRD) pole diagrams
of InP nanostructures grown on Ge(111) are shown.

In the figure five sets of spots are shown, the (111), (220) and (200) spots are
shown for InP 30, 31, 32, whereas only the (111) and (220) spots are shown for Ge 33, 34.
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sem conduct or body. If the tenperature is raised above
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tenperature in the range 450 to 495 whi | e n_and
b BGray o 1O Aaet B6¢ Bireidin droreagsrion Safie e gffiehee of
anglumit}n(gﬁhg}legelﬁl&ﬁg,ng the growm h of the nanowi res:

Fig. 3(a) is a top view scanning el ectron m croscopy
(SEM inmage. The nanowires are imaged bright, and it
is clear that the nanow res have a crystall ographic
three fold symetry orientation. In Fig. 3(b) a side
view is provided, and it may be seen that nost of the
nanowi res are grown vertically on the substrate, even
t hough sone of the nanowires are at an angle of 35
with respect to the substrate. In Fig. 3(c) a single
wire 3is imged. In Fig. 4 a high-resolution

transm ssion el ectron mcroscopy (HRTEM image of an
InP wire 3 on a Ge(111) substrate 1 is illustrated. An
atomcally sharp interface 2 between the wire and the
substrate is readily recogni zed. Sone stacking faults
8 (3 to 5 twnning planes) are present, however the
stacking faults are grown out after 20 nm Further,



it may be observed that the Ge lattice (direction)
continues in the InP lattice, neaning the wires really
wQe@doest axi al | y. The epitaxial #2lationship PETVE200M/052864
the nanowire and the substrate is further el aborated
upon in connection with Fig. 5. In Fig. 5 X-ray
%&ﬁﬁ@ﬁl on (XRD) pol e diagrans of |nP nanostructures
Ge(111) are shown. In the figure five sets of
spots are shown, the (111), (220) and (200) spots are
shown for InP 30, 31, 32, whereas only the (111) and
(220) spots are shown for Ge 33, 34.The refl ections of
the InP crystal appear at identical orientations with
respect to the Ge reflections. Thus, the wires indeed
gr ow epi t axi,al he J.dentical orientation
al so a 180 &égé}%gécﬁgfcgﬁ&n%&?nﬁ ation can be observed.
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5 ceanpl e, b Fhrasied jb TRt TuRlRs SRy g ngptioned n

t N@ir&eRbEntRt wih tHeRuFive (S)uakhaihﬁﬁhgs findt tdridoctivitg tgeoihe sahiconductor
th resent invention i f.i

f, | e, . .
NN —
' n]?é?fo%@ ) ?d%ﬁlfnt@ﬁ%t%e Kirhib&Xdueror 6fyla@)hetefojtitttion ¢pse

t he nanow res en grow al ong the [100] dlrectlon It
shoul d be noted that the above-nenti oned enbodi nents

jpilhustrate Aﬁffﬁ&'&lécﬁ@ﬁe bi Hhﬁneﬁrﬁ?daﬂﬂqnéﬂa&@terl%dqn taddhe M-V
those skille he art wl to design many

al meterial it ¢ diffurion mmm{ﬁkowommmor@ep@ﬂhq seariqondiptarpedy.

scope of the appended clains. In the clains, any

ref erence signs placed between parent heses shall not
be3const r uediredectiadeyicngs ¢lhigedlimCtaim Phehagterised in that the diffusion

elcg% nc%tal Sgrfr;l‘ﬁat me%iﬁllggsj gﬁ/ ‘ISIJS%? @JE)&I;@ %?sgal;orlrl? ! QfI V material.

15word "a" or an precedl ng an el enent does not excl ude
¢ hﬁ br Slsggf?}ngfl glrcgsl t msedﬁ%&?aémssieﬂ% Coh r1s|e<§/§1:t atthere isa
( 1)egﬁmrrpy ﬂn&hmmacogmm bb&y Bleiiﬂecmdﬂacttvmh tlmhz&mwa‘c (3) Whlch has the

havi ng surface ésﬁ% nanostructure (3) of a Ill-V
se?ﬁ“&“o"r?&ﬁ‘&ﬂ“éﬁ‘rty%? SPanoY¥4r acteri sed in that the

nanostructure is a nanowire (3) being positioned in
20 5. An electric device as claimed in Claim 2, characterised in that the III-V
material comprises an excess of the group III atoms and/or the group V atoms of the ITI-V

material, which excess atoms form the dopant atoms in the semiconductor body.

6. A device according to claim 1, characterised in that the nanowire is in
25  epitaxial relationship with the semiconductor body and the materials have a mutual lattice

mismatch.

7. A device according to claim 2, characterised in that the resistance between the

nanowire (3) and the semiconductor body (1) is below 10 Ohm cm?.



direct contact with the surface (2) and having a first
conductivity type, the sem conductor body (1) having a
WG e@sicesDNduct i vity type opposit&Bto the firsSPCT/IB2004/052864
conductivity type, the nanowire(3) formng with the
sem conduct or body a pn-heterojunction (4). 2. An
electric device as clained in aim1l, characterised
inthat the MV material is a diffusion source (5) of
dopant at o\ demice atdosdisetvictaimdy) ctiapactepisetlin tigit a Mttice mismatch

o e AL R e e SR ORORE R B

I'l'l atoms and/or the group V atons fromthe MV

material. 4. An electric deyice as
50r93, char adticeatrording Rfamnpe FRarge “ée‘{rTgSl?atBﬂ1 (né?OW‘ﬁe Gyisa

t hg psisiiaf @glggtcgystalpﬁgi%wu@ direct contact with the

nanow r e ? whi ch has the same conductivity type as

t he nanow re 5. An electric device as clained in

Agy.m2, charggis ra&c%?cﬁn%f& didimt1, tRackdriVeditRd b Plurality of nanowires

conpri ses an excess of the group |1l atoms and/or the

gr saprrangad oran avy {He MV material, which excess atons
1Oformthe dopant atons in the sem conduct or body. 6. A

devi ce according to claim1, characterised in that the

nahbwi re isA methpxi offkinaing a@h-éutienmsmlgl, Wietrhethglecomprising the steps of:

sem conduct hod

ot oo m shuri < opodiis GROEL iRt YR tRgial on o surfce

chey ati &rlﬂxsaﬂucttﬁr Hohﬁl(l)tolﬁ @ firs semlbamuetobmamdn t he

nanowi re (3) con

165" Chm et o R RRTa] e et st pfe S8t rom group
15 Chpay aehe péreiet dyktehlaad tha sbcainti iseRiconduiomt mhatekisitbaimgn HINE material,

sem conduct oy bod t he napow re

t han 10% 9cb gxa(agépégl tg@&ﬁ’lﬁﬁnﬂﬁmﬁwreﬂs an ﬁéo%eirei (§) gsrg\?lln log "he surface

BEME rs.é:rﬁi%%du@toi by (Dhadnadeemhd aeﬁl(s&)ondﬁctﬁlty type the semiconductor
Stanti al si ngl e-crystal nanow re.

acb@ﬂ’YdlaWQg?ée‘@P‘éF?ﬁdICtlvéWéYP&cqpé?ﬁl@ &Qythe firgt ﬁ%rtf %PV“Y type, the nanowire
p' w)%rhﬁ %@fm m@@&ﬁ\k&ﬁﬁc@f Bod® (1 POBERetéBjuBiAIARY (7).

od of formng a pn-heterojunction, the
20mst hod conprising the steps of: formng a
napost ruct urge % bd g clAme& GFPOMirs ?Wcﬁ%&&%@fn tﬂﬁttﬁ‘é hedbwire of I1I-V
on a surface 1(1 a sem conduct or ty
fi smlccsldmtwn@t@m'cﬂ druspdheses difflision spairde; (ﬁ)sQ d§éfﬁ¢ éféﬁ’d u@@ e
sing at |east one elenent fromgroup IV

na%e?ni]llcc?nldugtg C?

€ perro system and the second sem conduct or
material being a Ill-V materi al,
25  13. A method as claimed in Claim 12, characterised in that group III atoms and/or

the group V atoms from the III-V material are the dopant atoms.
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in epitaxial relationship with the semiconductor body.

30

15. A method as claimed in Claim 14, characterised in that the nanowire is grown

according to the vapour-liquid-solid (VLS) growth method.
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