DESCRI PTI ON METAL- BASE NANOW RE TRANSI STOR The present

invention is related to a transi stor having a base
webk@cnssde made out of nmetal and an emitter orPCT/IB2006/053995

collector, which is fornmed by4a seniconducting

nanow re. Several decades ago a netal -base transi stor
DEJ(NBPIIONs been proposed as a hi gh-speed device. It was

hoped that the MBT woul d achi eve a nuch hi gher

performance than bi-polar-junction transistors. Best

performance for MBTs was obtained by using silicon

(Si) as emtter, gold (Au) as base and gernmani um ( Ge)

as col | ect or METWHV-BASH NANOWIR# TRANSISTAR ages of

the MBT concept could not be realized in conmercially

avai |l abl e devices mainly because of the difficulties

to fabricate such a device. In particular, it is

difficult to obtain a nono-crystalline sem conduct or
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the one side .still toda s have .not repl aced. .
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On the other side bi-polar transistors have seen a
tremendous evolution in performance of the years due
to vertical down-scaling of the transistor structure.
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I nput resistance accounts for nore than 50 % of the
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Spite of th rogress that has been nade, there. still .
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because it stores significantly |less charge in the

thicknepy ef the semnippaducyr leyss buseng e ysrticgbansditorgptivaturhias been made
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for dhapdeatarivts isalytited, Spgeiid arcmhbient ddigy timeastttanpies iggasiciated with
a transistor conprising a first and a second el ectrode

the tggfos 85 et et fdee o ayedPaning e Empistar oy Felugweihe fheckness of
the lfa%@ th AchsFE NG G B A Gvell. Today bi-polar devices are limited by charge

storage in the emitter-base junction. The associated capacitance together with a differential
input resistance accounts for more than 50 % of the over all delay of a modern bi-polar
transistor. In spite of the progress that has been made, there still remains a need for even

faster transistors.

The invention therefore suggests a metal-base transistor because it stores

significantly less charge in the depletion layer of the base. Also, depending on the specific



The first electrode is made from a sem conduct or
material. The base electrode is a netal |ayer
wa@lepossiserl on top of the sem conducting nat er i BCT/IB2006/053995
formng the first electrode. According the invention
the second el ectrode is formed by a sem conducti ng
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erostructure changes'In ra I'rec
TherésromanhewirEdre Qbmetimapgksd caledosantimeyesbe useful that
the composition of the nanowi re heterostructure
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silic%%ym?)tré ?gércv)l’%clah%r,btﬁe %ﬁ§i§5% He st gggel_@%’[?d gfg%gﬁlg group of cobalt and

rticu eat’ures an vant ages w
nickalp paventbgeonsly gthd nagowireemhy tHeo e ipgo e s theptas@eleetpglended
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shown in Fig. 1; and Figs. 3a to 3e display the '

sequenc Eonfona apflizetionsi ih gnayt spesefw thatlshe camposithen of the nanowire

net al - base transistar sho in Fig. 1.Fig. 1
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It is noted that the dinensions in Fig. 1 do not scale

hetegystiuetpe dipnees ibaxipl digctipn pfithemarowiee.pur poses. At first
the structure of the transistor will be described.
Furt her bel ow one possible nmethod to fabricate the
transistor is disclosed.

The invention will be better understood and other particular features and
advantages will become apparent on reading the following description appended with
drawings. It shows:

Fig. 1 is a schematic diagram of the metal-base transistor according to the
invention;

Fig. 2 is a band diagram of the transistor shown in Fig. 1; and

Figs. 3a to 3¢ display the sequence of manufacturing steps to fabricate the

metal-base transistor shown in Fig. 1.



In Fig. 1 the transistor as a whole is designated with
the reference nunber 1. The transistor 1 is arranged
woeoorof7sef a hi ghly n-doped silicon wafer fornPCHIBR006/053995
substrate 2. Though the precige value of the doping
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rel ati veighanilusdratgn mhanatnmdiagﬁnpbeaﬁrﬁmm&umﬂle metal-base
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tranipporgepiting 1o the inyentign. Ity apted tha thg 4131@@@911801@ Elspl 6@ not scale and

t i t
e f(gl Ke %%ifgor ﬁﬁ?rgltggs%l E{ﬁogéﬁ aA?%lﬁ%k%gsszn% o O?et\/l\l/é #?néﬂs'%m will be
desctibed Husther below sns podsitieimethol ad &baikchty tlh:ytramstdrai dlﬂcgo sed

regions 4 fabrjcated by shallow trench tio
top sid¥ b FHE ¢ frapsto %ﬁ/%?”hQi)eulé eﬁgleaaﬁi ejoigncd Rumber 1

The M3AQYLF € S arrife@tbnl Bp PrAMeHly RESJeY sﬂﬁohh@af@?efo%lmﬂgaé’ Slbstrate 2
3. Typically, the nanowire i5 | ess than nmin

Thouélatf@t precian dvahvet ofl thnghxputgq Evel5@¢ends off Hhe mhmw meteiigls and their

rela P S P Ra PR uf BT St tine eifarttg leSO il SHer of 10

cm aRdthge FRABEy SRl iRt m 68 1aye$l 3Tls| afan g@d bhgos bbilkrsabgirate hehe metal
nanowire 6 is highly n-d ielectric isolation
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seni conductor materials herr esmt etr nsi st or
sem;bomhmtdar&nﬁxﬂdti&h@&!dﬂwbn eand |gnrmam)mme(81 &) oflinmban tto dlic substrate 2 the

i nvention the na ol | ctor and .t he
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hi ckness of the depletion |ayer insid he nanow re
the dlﬂleCtﬂS ikitmh lajior §do |f‘am1 argmiticanowhetd te hlmuhamowemoa@eare contact 9

o o RIS RSB B8 i, Dt ot e

sen congdifet OtheMBhigdtiagd S alndNghd trnb®NGt B afe rsh Usighly n-doped
The former could enable better contact Er operties at
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emb%tﬂ?eﬁll[ 8‘% th‘féltm\;eﬁ o AR %%o&xﬁ’g 61 ﬂl%\’@oﬁlg?tw#f thb g&bgtﬁ{etf Ls the emitter

nprove the seri resi s ance Nanow r e
oftHeQraasuSt@duced sensitivity to surface defects.

Sem conductor materials having different band. gaps
that c aﬁﬂ% @aeb?mp%@etimlamg.t%leégth&rﬁ & pagowig inthg th@ﬁness of the

depl@ﬂ% @?er HQUEUR manbWfe | ;11{‘}@ Q}Elhpﬁlre%cﬁoﬁ‘ Ofy| ﬂaﬂb@ﬁg shaud Be #fnger than

mat e nprinciple 1t s also applica
the ﬂaq:hnem]dﬁcth&)dsplctdmpﬂdygf gt not much longer. The nanowire can consist of

different semiconductor materials along its length or radius. The former could enable better
contact properties at the to of the nanowire e.g. by using a narrow band gap material at the
top of the nanowire while the latter can improve the serial resistance of the nanowire due to a
reduced sensitivity to surface defects. Semiconductor materials having different band gaps
and that can be combined in a single nanowire are e.g. Si and Ge. However, the invention is
not limited to these materials. In principle it is also applicable to semiconductors comprising

clements from group III and V of the periodic system such as GaAs,



elements fromgroup Il and V of the periodic system
such as GaAs, Ali _xGaxAs, InAs, InP etc. These so
w@ 2007087802 | -V senmi conductors can nai nly be utiPCHERRO@INS3995
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met al - base transistor  according to thé invention. It
betwiesn thst bede amhthetChﬁeqﬂ@scrl bed processi ng method is only
one exe { met ho
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of the device to be nade. The fabrication process
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egl ons on t stra
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%EHO trench Itﬂ the silicon substrate with a smal |
availablgdmplanigriiyuseqfaia¥€iry or wet et chi ng technol ogi es

can be used nﬁl‘}lﬁntﬁmrﬁth% LBRstraRURHEALAED LY, tRﬁ sHalI6 RNr¢h @@ lation to
4 is deposited into the trench regions.

fornpisalatadi rzgiohoon dife sulbetr@mbﬂter diadow ttehplm 130&»}11911 1$3acléwedibcreetching a

shat By T Slis bSelEare <78 (et B bl ppaet eching
techP$ 188108 cae BB QMEdEsH thef sttheSubRyRRhilPNsiliddavVeMes 4 1@tdé§651ted into the
sui ci des can be used in other enbodi nents

trenchgigigions \y&proplanagizatiemelf the Spbstritrea tham byt q)%sﬁh@gﬁ p@@ursor metal 11
. i P - f t i nt c
ARG DU 5 05 PO B U RERIER e e
embdéipaat bf die. inkertiong Howdver, viler afliveddsi dag et wpd tﬂﬂ @ther embodiments,
LECUr Sor nmetal r.eac th the silicon of th
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for 1t;:e'tt_gr BacE VG 1t2]c hath a'db%w%ﬁ RERh Qs ﬁf(@e Qtlohpg [o§ef & kﬁ‘?yn.aDurmg a
thin ayer nreacted precurs 11 on top o

thermhleamlealmgjﬂep theepre@ursdhuétalushets wlﬁlethp rsdxon odrthe substrate to form a
metal silicide 3. As can be seen in Fig. 3b, even after the annealing step there remains a thin
layer of unreacted precursor metal 11 on top of the silicide layer 3. Obviously, the precursor
metal 11 does not react in region of the deposited silicon oxide 4 as it is apparent from Fig.
3b. This processing step is called a partial silicidation step.

By a standard optical lithography a catalyst region 12 is defined in the top

precursor metal layer 11. Subsequently, the exposed unreacted metal is etched away by a

standard wet etch technique (Fig. 3¢).



nmetal 11 does not react in region of the deposited

silicon oxide 4 as it is apparent fromFig. 3b. This
Wee@cessing step is called a partial silicidatPOHIBD@HNSI95

By a standard optical |ithography a catalyst region 12

is defined in the top precursor netal |ayer 11.
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In sem

nickplr aclasbaln gﬂlbﬁl@h ha)dedgieﬁ $1sM1h‘an ieviey folowaigatht Ipﬁbcleﬁ;yt&irsed 8n cobalt is
necessary. Fo he present invention nickel and cobalt
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pres@@e ik $70 M54 U@ﬁdthb rbuf?faéee BEHRY siliBorf sihsBARI MBCCCII B8acts with the
partial pressure of CoCl4 is 0,06 Pascal and the total

silicore atttbe Spb%s@ﬁu red iferngs7 QoPas dht . deppsitidre taupdratoes of thehsubstrate is

enohub 0T RTAEh B 4678 € 1 3Bl a8 o ivaca
tempcRARRE dh Uhe drflcrt 52 980 E! Rt Bringtieh @Feddbhl® Aeidd id keminated. For
range of 600 to 700 C. In a subsequent annealing step

grovang éﬂ@%\ﬂ@;@"f@ﬁ}?@ﬁb@ colwdt siliciddy ghooruetrate fs opesad tplga atmosphere in
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I'cOn "nanowi  es Sui Ci the
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Wit h art essure of 70 Pascal in a 2,7
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growi ng on t cobaft sui cl
laser is utilized to evaporate germanium in the furnace from a solid target. The laser beam

heats up the surface of the germanium target placed inside the furnace until germanium atoms
are evaporated. The evaporated germanium atoms are then incorporated into the nanowire.
Depending on the growth conditions it is possible to grow the nanowire as a axial Si/Ge
heterostructure , i.c. the composition of the nanowire changes in its axial direction. One
dimensional growth is maintained as long as the reacted decomposition takes place preferably
at the interface between the cobalt silicide and the nanowire. Similarly, the Ge atoms
evaporated from the Ge target are also incorporated into the growing nanowire at the

interface between the cobalt silicide and the nanowire. By turning the silicon and germanium



If it is desired to grow the nanowire as a
silicon/germani um heterostructure a laser is utilized

W@ 2002935802 at e germani um i n the furnace from a BOI/IB2006/053995
target. The | aser beam heats gp the surface of the
germani um target placed inside the furnace until
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atons evaporated fromthe Ge target are al so
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direlgffnd b A B AT e RoaTab et e hdg BRTREA five to be
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Si/ Ge heterostructure in the axial direction of the
nanqygiroid ercatFeshslihaminges Bidteerns sompeyiien dpelbic lsgreatpapwie that has
hosphine (PH3) to the incomn as
beer) ]%g§2¥}$ ﬁl ghg IeSeI |s(detérn1ned by the pgrgla
pressur & of ndté‘te tigdt Stho@erdk “hﬂ@fﬁ@ﬁfm’tﬁeg adcanhnidlethe present context a

different growh conditions it is also _possible to
nama*fwat%g AZABRPYIEOR OF élffea%ntanatg‘lql%;@kﬁ stligpp and gempanaim, the same

maté.rrggle. I glcfrglm&lﬁlg%ng?o I §t Wgﬁ fcBn hltlch -type doped

silichletaﬂadd'ataﬂy,cﬂha rsemt Immtgtab\l\llkh sdmnni Ihhvmg sliffiaro® drgstideorientations in the
. sel e d..such t t t he r.eact ant.s deconpose ) C
axia] G EB GUEATOB 9 Che MR B il OP R TS 6. Peoatiee which is
mod&l268h [oBeFBE! bf t'ﬁ@‘éhﬁ&eaof‘:{hé hetRnte %Wr% la@Pankd2RBus MGhe sense
core nanow re that has been grown at the beginning. It
Ofahsmnnuwwﬂﬂ%umﬂMQHMErn1 heterostructure means in the

BT or Rl dhodh RRRRASI& AR sf SRR ks o R 7 on top of

the Gafmsto@b@Id@t . §.is ShbwhOR higy I3BgWihﬁcﬁve§ QRd op@iRiNE the dielectric
types |ike n-type doped silicon and p-type doped

isolagioni canl centerts pigampde, aqcpilingipewabikapvaltcqhnRiogess| fpe igking ohmic
[ f.e
contga}sé Iglqe(ﬂlll{eéic Ig%%l (&) %e Ontarel g%ﬂé\gﬁé %\Qf? 5)8 F%e%d%aoyaéélﬁé effra masking
stepheterostructure of a nanowire which is nodul ation
doped e.g. of the surface of the nanowire can be very
advant ageous in the sense of a high majority carrier
mobility. Finally, silicon nitride (S13MN4) is
deposited as dielectric isolation 7 on top of



the transistor structure as it is showm in Fig. 3e.

W ndows are opened in the dielectric isolation 7 and
w@owrasiss2 ar e made accordi ng to wel | - known t ecPCDIB2GOGES3995

for nmeking ohm c contacts. If srequired special

contacts to the nanowi re can be made by using extra
cLAmski ng steps. CLAIMS: 1. Transistor conprising a

first, a second electrode (2, 6), and base el ectrode

(3) to control current flow between the first and

second el ectrode, wherein the first electrode (2) is

made from a sem conducting material, wherein the base

el ectrode is a nmetal |ayer deposited on top of the

sem conducting material formng the first el ectrode,

char act e
Lophar Seﬁdggﬁ ag?mhﬂﬁh%tﬁgf%st?g%?&qld élelec‘rﬁ]llgﬁ@ﬁf q) r{doﬁa@?%lectmde 3)
to canrl acirentiflo bétecbate fabeaidredemd d3ctrode, Whanmi tht 6irst electrode (2)
. according to.claim1l characterized in that the
is H}?élﬁofxﬁ)mea(semeﬁg‘ftm H‘gj‘t%‘ﬁ‘it HecsHs dce Pt FlsgiEodes)s. agmetal layer

depo}a‘.gﬁ‘gh $ 5@@ t%?r%%'oﬂ%u&itﬁigghﬁealg%]f? ng% fitst ERErO, Elﬁ@ﬁﬁterlzed in

a transition net
that She s¢adbed elkctrdde nsaﬁzmetldny accoiandgrting winaivine 363 aingtineclectrical

ran t al selected fromthe group of cobalt
Cmﬁﬁﬁd“ﬁ1%@%ﬁ“3 e“%@% fstor according to claim1

characterized in that the nanowire (6) is nmade from
silicon and/or germanium 6. Transistor according to
2. cI ai m 5Tommase tascording i clat 1 tcheragienioed e thay denposwde (6) is
““mn ngﬁﬂ&%on%ucnf 32eterostructure 7. Transistor
ETOVIE8 8 ing F6°¢ é characterized in that the
conp05|tion of the nanowi re (6) heterostructure
changes _in radial direction of the nanowre

8.
. Transi st GMSIHEE dpenrdigette ckami helsregienizad e thas é@e %wetqmtrode () is
de%%gg?gg&%ﬁkhhﬁgﬁp%h&ﬁg nanow re heterostructure

In axia Irection of the nanowire (6).

4. A transistor according to claim 3 that the transition metal is selected from the

group of cobalt and nickel.

5. Transistor according to claim 1 characterized in that the nanowire (6) is made

from silicon and/or germanium.

6. Transistor according to claim 5 characterized in that the nanowire is composed

of a semiconductor heterostructure.

7. Transistor according to claim 6 characterized in that the composition of the

nanowire (6) heterostructure changes in radial direction of the nanowire (6).

8. Transistor according to claim 6 characterized in that the composition of the

nanowire heterostructure changes in axial direction of the nanowire (6).



