-1- CONTACT STRUCTURE FOR SEM CONDUCTOR DEVI CES FI ELD OF THE | NVENTI ON 5
The present invention relates to sem conductor devices. In particular, it
relates to contact structure for sem conductor devices. BACKGROUND OF THE
INVENTION io In a Metal - Sem conductor interface, there exists a rectifying
barrier known as Schottky barrier, the pagnitude of this barrier called
Schottky barrier height depends on the Wor k- functi ons of the

Met al - Sem conduct or conbi nati on used. Unlike Sen conductors,

wor k- functions arg/ hQSd [ b Sy (bl be done
but to choose theeﬁjﬁfﬁbﬁﬁWE@ﬁ%ﬁéﬁ@%ﬁ%E’ﬁ‘ﬁ@g esired 15
effect: high barrier height as rectifiers or |low barrier height to | ower
contact resistance. However, nost devices require that the netal al so have
| ow resi stFIFLD/OFf BHEGMMENTIQN f or mance. Faced with these restrictions,

Met al - Sem conductor conpounds, such as Metal-Silicides were introduced
resulting in Silicide- Sem conductor interface which provided device

manuf act urers Whepasent inveatiod Gelat toasmidsndudtet tevices. traparticaldr, it

hi gh- performance CMOS devices incorporate Silicide into their structural
desi gn. WrElRteHo eqntaehetriciues of seMHCARAUSEI QYIRS cs and hi gh- frequency
devices, there is a need for even |lower barrier height for ultra | ow
contact resistance. 25 Recently, it has been discovered that the

Ferm - | evdBACKGROUND OF THEINMENTIBNY close (-0.1 eV) to its val ence
band. As such, ultra | ow contact resistance involving

Germani de/ p-Germaniuminterface is currently being tested and verified.

Plug, the |ikel iIHWetﬁi—Qé!ﬁ!ébﬂd@f@@irﬂéHéé‘é%h@ié@:@ét_si@Wﬁ@bbﬂ%r@fmi um
so into its substrate or adopting a Schottky-Barrier- design, there is a
need to fasrSerattkydaariar, tthe magnituge dithis diaddeSeatiecohch@tikyrbarreeheigbt. - 2-
depends on the work-functions of the Metal-Semiconductor combination used.
Unlike Semiconductors, work-functions are intrinsic properties of metals; little
could be done but to choose the metal with the right work-functions for the desired
15 effect: high barrier height as rectifiers or low barrier height to lower contact
resistance. However, most devices require that the metal also have low resistivity
for better performance. Faced with these restrictions, Metal-Semiconductor
compounds, such as Metal-Silicides were introduced resulting in Silicide-
Semiconductor interface which provided device manufacturers with additional
20 choices. As a matter of fact, all high-performance CMOS devices incorporate

Silicide into their structural design.

With the current interest in Optoelectronics and high-frequency devices,
there is a need for even lower barrier height for ultra low contact resistance.
25 Recently, it has been discovered that the Fermi-level of Germanium is pinned very
close (~0.1eV) to its valence band. As such, ulira low contact resistance involving

Germanide/p-Germanium interface is currently being tested and verified.

Plus the likelihood of future CMOS devices either incorporating Germanium
30 into its substrate or adopting a Schottky-Barrier-MOS design, there is a need to
further expand the idea of Silicide-Semiconductor interface.



SUMVARY OF THE | NVENTI ON Enbodi nents of the present invention offer
additional alternatives to control the barrier height in sem conductor
devices. Barrier heights are s successfully controlled through contact
structure configured according to enbodinments of the present invention. In
accordance wth one aspect of the present invention, there is provided a
contact structure for sem conductor devi€es. In one enbodinent, the io

sem conductor device has a substrate of one type of sem conductor material,

such as sdyj t ture is formed on the substrate, and the
cont act §VW§Bﬁ§%€ﬁQMﬁ§'€omound of a netal and a second type of
sem conductor material, such as germanium The contact structure according

to enbodi ments of the present invention therefore includes a sem conductor
material, fornedmbadinertsfibke peasenidiiventipg offer gdditionst altermetiyrs &

sem conduct.Qk ' An ef . of el .lncr ; eased barrier
hei ght is %@tt%%egﬁ%aﬁ’eg hg&ﬂ?giﬁ%@ﬁb&dﬁg@ﬁeg ide%rrp§ yllgﬂagrg@g%gée cont act

struct ur e.sucgessfally danesilod throagiothetacaspestireotonfiyured esestdingieent i on,

there is 20 Igrq%vi ded ? met hod for formng a contact structure for

sem condud@BPOHmANte 8T thepregaat BNBBERrent, a substrate of a first type of
sem conductor material is provided onto which, a |ayer of second type of
sem conductor nmaterial is formed. A layer of netal is then forned on the

| ayer of secondnseEcboardgovith onataspeal of tbp @resemtdavemtpn, éharens aodvided act ur e

i f d, ich.i d of th t al d 25 th d
Lo comdacobad aitide FSTRB Rl cknderces: 1R RaeamatdE BF
Serﬂocondu%re%icﬂml%tbﬁﬂem hBg sSéiH$@ite of BBe |tﬂy@6f @ém&%ﬁ@ﬂétotrmeﬂél, such

sem conductor nmaterial may be a |ayer of germanium Upon annealing, a
met al - ger @&BilRON. sA cootant stronture és irmedorn thebsubsitade aand the conasict

becone aSBRVNe ¥ IURRRE 4 oPRERRRY R a gL S FUET BRe drBéElboRductor
conj unct i enatetiah) stbBB as germanium. The contact structure according to embodiments of
the present invention therefore includes a semiconductor material, formed on a
15 substrate which is of a different type of semiconductor material. An effect of either
increased or decreased barrier height is obtained in a semiconductor device

employing such a contact structure.

In accordance with another aspect of the present invention, there is

20 provided a method for forming a contact structure for semiconductor devices. In
one embodiment, a substrate of a first type of semiconductor material is provided
onto which, a layer of second type of semiconductor material is formed. A layer of
metal is then formed on the layer of second semiconductor material. Upon
annealing, a contact structure is formed, which is a compound of the metal and

25 the second semiconductor material, onto the substrate. The first type of
semiconductor material may be silicon, the layer of second type of semiconductor
material may be a layer of germanium. Upon annealing, a metal-germanide is

formed on the silicon substrate as the contact structure.

30 Other aspects and advantages of the present invention will become

apparent from the following detailed description, taken in conjunction with the



-3- acconpanying drawi ngs, illustrating by way of exanple the inventive
concept of the present invention. BRI EF DESCRI PTI ON OF THE DRAWNGS 5
These and ot her aspects and advantages of the present invention will be
described in detail with reference to the acconpanying draw ngs, in which:
Fig. 1 is a schematic di agram showi ng a contact structure and formng 10
nmet hod according to one enbodi nent of t“h%“present i nvention; Figs. 2A to 2D
are schematic diagranms showi ng a contact structure of Fig. 2 when used in

one type of sem conducgtor. devjce: .is JFigs. 3A to 3D,are schenmatic diagrans
Show npa st TIRATRNY HtflindS b Sragind &y S’ sbioriy o By REINE Bl oF
sem condugherprésamtGaverktich. 4 is a chart show ng experinental results of

sanpl es prepared according to one enbodi ment of the present invention; 20
Fig. 5is a chart show ng experinental results of sanples prepared

accordi ng_éﬁlﬁgégéﬁaﬁsﬁq& mnﬁ-HnghQ@vwééent i nvention; Figs. 6A and 613
0

are XTEM images show ng the structures est sanples 25 used to
denonstrate experinental results shown in Fig. 4; Figs. 7A and 7B are XTEM

i mges show ng _éhhe structures of test sanples used to denonsirate
experi mental resiFSS2RheMeriasrerlg.and adariages ghthespreseRbinveRiRWVHPKRD
measur enefegef t$ ot I I I t ,,g}{q' f test
sanpl es usee(?ct (B)HJAemc)i%{satl;r‘igli?.zh e@%@rczegéﬁtggfécggsulaﬁ gﬁ’]gs(ﬂ'gwn Shﬁgwg%rﬁ -4- Fig.
8B is a chart showi ng XRD neasurenent results of the peaks integral

Fig. 1 is a schematic diagram showing a contact structure and forming

10 method according to one embodiment of the present invention;

Figs. 2A to 2D are schematic diagrams showing a contact structure of Fig.

2 when used in one type of semiconductor device;

15 Figs. 3A to 3D are schematic diagrams showing a contact structure of Fig.
2 when used in another type of semiconductor device;

Fig. 4 is a chart showing experimental results of samples prepared
according to one embodiment of the present invention;
20
Fig. 5 is a chart showing experimental resulis of samples prepared
according to another embodiment of the present invention;

Figs. 6A and 6B are XTEM images showing the structures of test samples

25 used to demonstrate experimental resuits shown in Fig. 4;

Figs. 7A and 7B are XTEM images showing the structures of test samples

used to demonstrate experimental results shown in Fig. 5;

30 Fig. 8A is a chart showing XRD measurement results of the peaks integral
across the Chi angle of test samples used to demonstrate experimental results

shown in Fig. 4;



across the Chi angle of test sanples used to denonstrate experinental
results shown in Fig. 5. 5 DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS For the purpose of illustration, enbodiments of the present
invention will be described to structures and net hods of form ng the
structures, which may be to described as applicable in various

seni conduct or devi ces. Nevertheless, it-$ill be understood by one skilled
in the art that enbodi nents of the present invention are applicable to

sem conduct or devices which are of different types fromthe exanples shown
here. is As shown in Fig. 1, a contact structure for sem conductor devices

according to Oﬂei?engglar@ﬂirt §HowiRg )ﬂ?@ﬁﬁ@ésur@ﬁ%@ﬂ'r@éhlis%'tﬁé’%%aﬁs%\ibéid]ate
110, made of a fTirst e of semconductor material, for exanple silicon.

After the acopstieatehi an@em@%%t@@@@plawls@drwﬂgrrmfts&r@@exxaenuag@ﬁa! rasuiiss a
second ty Q'ﬂ @@1 gonduct or material, for exanple germanium is deposited
on substrate rh O0~as shown in step 130 In the present enbodi nent,
gernani umis used here due to the si m I ar eI ectron affinity between
germani um and silicon. on faormtion ermaniuml a 112, a netal
layer 114 B5 ﬁélp%QQ%%C SIONGT THE R%FEBBE EMERBRINE !\ﬁ%tep 140. The
nmetal nmay be Platinum (Pt), N ckel (N), Palladium (Pa), alloys of these
materials. The substrate 110, gernmanium |l ayer 112 and 25 netal |ayer 114
now form a stadkorileé pufipeseaf tlestratidre estiakime2ts okthamprestrtdnvastisheiloe n

t 150, t f t 2 Ct bout 700 C d whi ch, th
oerol 1 oy dPseinel FARRLELES a5 shARs of feriub 1SS betlrato i may 88 € the

net af - ger RRcABeY %lé%pp%é@bi@ﬂn BR03Y seHed K Rlctorlddicd et REvarendTBss, qﬁwlli%/é—‘r
116 is therefore formed on substrate 110, as a contact structure. The
t hi ckness ungieirgiood byranenskiligd Ireljperart thajmmmmentwfehhe prayetbtsnwmuﬂmaw

range of aboul Be'8 saMRofRINS! §idls FhicH A% MEEEMt I from the

examples shown here.

15 As shown in Fig. 1, a contact structure for semiconductor devices
according to one embodiment of the present invention includes a substrate 110,
made of a first type of semiconductor material, for example silicon. After the
substrate 110 undergoes a cleaning process, a layer 112 of a second type of
semiconductor material, for example germanium, is deposited on substrate 110,

20 as shown in step 130. In the present embodiment, germanium is used here due
to the similar electron affinity between germanium and silicon. Upon formation of
the germanium layer 112, a metal layer 114 is deposited on germanium layer 112,
as shown in step 140. The metal may be Platinum (Pt), Nickel (Ni), Palladium
(Pa), alloys of these materials. The substrate 110, germanium layer 112 and

25 metal layer 114 now form a stack 120.

Thereafter, the stack 120 is annealed, as shown in step 150, at a
temperature of about 200 °C to about 700 °C during which, the metal layer 114
reacts with germanium layer 112, and form a metal-germanide layer 116 on the
30 substrate 110. Metal-germanide layer 116 is therefore formed on substrate 110,
as a contact structure. The thickness ratio of the metal layer to germanium layer
may be within a range of about 0 to 20%, centered at a ratio whereby the



-5- deposited germanium and netal fully consunes each other to formthe
desired germanide. If the netal is platinum the ratio is between 0.54 to
0.80 and if the netal is nickel, the ratio is between 0.47 to 0.70. 5 The
contact structure illustrated above nay be used in various applications
and/ or various types of sem conductor devices, as described bel ow. As shown
in Figs. 2A - 2D, a contact structure is5provided in a p-type Schottky
Barrier MOS (p SBMOS) device. In this enbodinent, firstly, an n type 10
material i %% as_a substrate g}gf and a baS|c ox%ge S ace{ %P
carried ou epqs& (iR meniER Andgstal Wiy canpusies edeh Qg THE %sge

pol ysi | i cogerhitriidde)f théaﬁéialzi%(blaﬁwtﬁﬁp%@a%t@bétvﬁéérr0@& t@@S@%ﬁd iffheet ch
process is then carried out where source and drain regions 232 and 234 are

defined, a¥etdnickal fgralipEs beByeor &t 6tUPIE. and drain regions 232 and 234
and under gate 220, there is is forned a channel 218. A germani um materi al
240 is then deposited to fill the defined source and drain regions 232 and

234,5via a sel €Theé genf@cbetriictpreotiesBatedaibovexaapbe @sathianiztivus\epplitations
deposition E ocess. Thereafter, a metal material such as platinum 250, is

deposi ted SRS WPesef ﬁ?’é‘*%’@é’rcmgj%’éﬁeé ssclessfaedpslove12 214 and 216
and germani um material 240, as shown in Fig. 2C. 20 Upon formation of

pl ati num 250, an annealing process is carried out, at a tenperature

bet ween about 289€hawd irb@s ZA00CD, taccardastestrieshai is pravated éma pPtyp250 and

dont act - 260 MoUy BaTREMR By S P R ie cladhiscP Ao ar a/ta s ee BTERE 25

conf@act sthbehial B R0 é§afs%b€ﬁ9temféhoa§%%sﬁso>@d§§ 8béktcB¥ EhBfed A, t he
p- SBMOS device, as shown in 2D. In the present enbodi nent,

Pt - Ger rramfd@n@@rﬁmﬁr%m,s%%@s 246t Ae shevurin&FigrA.dAapalysilienn (pstyipe) di r ect
contact Wgta'?e %Eﬁqg%p%g W|th|é1ni?r|13’c%)§agpz\é'29e/§n etch process is then carried out

where source and drain regions 232 and 234 are defined, as shown in Fig. 2B.
Between source and drain regions 232 and 234 and under gate 220, there is

15 formed a channel 218. A germanium material 240 is then deposited to fili the
defined source and drain regions 232 and 234, via a selective growth process, for
example a chemical vapor deposition process. Thereafter, a metal material such
as platinum 250, is deposited across the structure covering gate 220, spacers
212, 214 and 216 and germanium material 240, as shown in Fig. 2C.

20

Upon formation of platinum 250, an annealing process is carried out, at a

temperature between about 200°C and about 700°C, to cause reaction between
Pt 250 and germanium 240, to form a metal-germanide, in this case a Pt-
Germanide contact 260. After the removal of the unreacted metal via a wet etch,

25 a contact structure 200 is formed, which acts as a Schottky Barrier for the p-
SBMOS device, as shown in Fig. 2D.

In the present embodiment, Pt-Germanide contact 260 serves as the
source and drain, and is in direct contact with channel 218,. In SBMOS devices,
30 the contact structure according to the present embodiment has an increased
barrier height across the contact / source / drain and the channel. Having



30 the contact structure according to the present enbodi nent has an

i ncreased barrier height across the contact / source / drain and the
channel . Having -6- obtained an increased barrier height, a sem conductor
device may be nade of a reduced gate length wi thout suffering high

| eakages. Figs. 3A - 3D show a contact structure according to anot her
enbodi nent s of the present i nvention,” %hen used in a pMOS device. As
shown in Fig. 3A, a gate 320, a source 332 and a drain 334 are forned on

an n-type bstrate 310 e material on., Oxi de_spacer 14
and 315" o PURBeHAT CipeisssdATEr RaloiEr San i Rug@ deiioel By R hade 8L vel y
grown on tﬂé@u@é@@a?@@ngtfﬁ%hé@t AFfbriNgahigh $karped. 334, as shown in FIG 3B
Thereafter, a nmetal material 10 such as Pt |ayer 350 is deposited across

the top surface of the structure covering gate 320, spacers 312, 314 and

316 and source r i in F

formation of p|@5?n%ﬁﬂr@@éﬁ@s@xgé@%gg%%ﬁf%ég‘g%h@gé’ .:—Ilns% tt&%rrc?ringg ?nt

at & t enpegfahe peedinit WeantiohowheAQREdand QS d€(iRe. AdushovenireRigl 89, aPt

| ayer 350 and germani um | ayer 340 react with each other, and form_a netal -
ger mani de, 9916 36 3 SOHERS ATPENG: R dadt ORI EReBE0 26 -Yecsemirat t€3iPce and

drain 332 qud, B3oo AAiERaldle. ERIRYElacs 519, 314 SREIAB Rt Bhmed contact

structure or med, as an ohm ¢ contact for the p-MOS
devi ce, assublseguentty. AQQerIﬁhﬁmiuBﬂayéhM@eﬂ&@is&ﬂe@mafmgmwn gn dhe haper 32@ss may

be a chem cal r, d [ OCESS, C r depogsiti

process, as%@%egq?g,ratgggi% 33%p SPowad: FPQYS% 3#’] g@%ﬂ?t’ﬁ?é\lﬂ'aﬁ?%ess
or any ot herentaget @fet 850 i Héﬂ%@@ddé‘d?@% mé)f@p%&%%sef tﬁ@%tr@'&ﬂﬁ‘é'do@@nﬁ@ ocess
may be a furnace annealing, or a rapid therrmal annealing.

under st oodyaly 32Aospeacs [31@d3i 4 anke3 taehied anurcer and gemamuﬁelawee@éax as

shown in FIG. 3C.

Upon formation of platinum layer 350, an annealing process is carried out,
15 at a temperature between about 200°C and about 700°C. Upon annealing, Pt
layer 350 and germanium layer 340 react with each other, and form a metal-
germanide, in this case a Pt-Germanide contact 360 on gate 320, source and
drain 332 and 334. After the removal of the unreacted metal, a contact structure
300 is formed, which acts as an ohmic contact for the p-MOS device, as shown in
20 FiG. 3D.

The selective germanium growth process may be a chemical vapor
deposition process, a physical vapor deposition process, a molecular beam
epitaxy process, a reactive sputtering process, or any other type of thin film

25 deposition process. The annealing process may be a furnace annealing, or a

rapid thermal annealing.

It will be understood by those skilled in the relevant arts, that the present
invention is not limited to embodiments illustrated above. For example, the
30 present invention is not limited to semiconductor devices in which the substrate is
made of silicon material, and the contact is made of germanide. Semiconductor

devices may also be the types where the substrate is made of germanium or



invention is not limted to enbodinents illustrated above. For exanple, the
30 present invention is not l[imted to sem conductor devices in which the
substrate is made of silicon material, and the contact is nade of
germani de. Sem conductor devices nmay al so be the types where the substrate
is made of germaniumor -7- germaniumsilicon conmpound, and the contact is
made of a different type of seni conductbr material. As noted herein, in
the preferred enbodi nents, the seniconductor material s may include

silicon carhide,. but.can asob cted fromth 0 consi sting of

2inc sel erd QI B ICORLaa B A cBe GG T 2 QBN Les Plie (BN,
gal lium phosiebhdsctoaRBerizind alum numnitride (AIN). The netal materi al
may be platinum but can also be one or nore selected 10 fromthe group

consi sting of goI d (Au), nickel (N), platinum(Pt), palladium(Pd),

xampl o ni ckel MpMateAEt Y PR ehosinBie. Mo boBica el inakibus

conbj nat i anay Q‘fcltﬂﬂeﬁklﬁton aaﬂblcﬂlé &iut@amalsd\&etmmm ﬂﬁdjgmlb&tdn@ts@mgtdfe
hi gh work function netal is often a |ow reactivity or noble netal

et al used?ln%S@ﬁB?@r(Zﬂws'g@“q@ %ﬁi@d&aMkﬂm@%tb%eewflﬂeéﬁf\fa\rﬁalwﬁ be
ni ckel , plpﬂd BHe q@%l;b)agh?@ rﬁf?@(nﬂﬁd?t(lgﬂgr all oys, and these can be

dep05|ted via a vari ety o ods I'nc sputtering, physical vapor
deposition or chenlcal vapor deposition. Experinents have been carried out,

to evaluate th erf ormances, and .20 pr.oper i S e sem conduct or .devi ces
enpl oyi ng cont :f f%é’ﬂ%?é’@l @@é’(ﬂed?’ﬁ&nﬁ :}?%08? qﬁ%orsr%i 8
| nvent i on.frdrA tmgr&mﬁﬂﬂs@m@ dfegdid %AUP'rf?cHe? (me@aﬂﬁ Qgeptﬁgggﬁalwwd

sputtering mnute circular pill nd 60nm’i n
t hi ckness SHverAd), cﬁ:rsml(nIKI@r) &Bmmwmr(%)ubsanapéthearrafmysafcb“rem;aielnm@l HF

(I-El’lt paﬁg }\hh% *’iﬁﬁﬁi‘l‘ qué ébwee?ggt%g%?%mfat 'rg fc())r)r<r'1 ggrionh%r%%tna%ohs 0 nsckepd 40nm
and platinum). As these metals demonstrate, the high work function metal is often
a low reactivity or noble metal. The metal used is chosen for its
15 conductive/contact properties and can be nickel, platinum, palladium or any of
their alloys, and these can be deposited via a variety of methods including

sputtering, physical vapor deposition or chemical vapor deposition.

Experiments have been carried out, to evaluate the performances and
20 properties of the semiconductor devices employing contact structures according to

embodiments of the present invention.

In one example, a test sample is prepared by magnetron sputtering minute

circular Ge pillars of 1 mm in diameter and 60nm in thickness onto an n-Si (100)

25 wafer substrate, after a brief dilute HF dip of the substrate to remove any native
oxide. Thereafter, 35nm and 40nm Pt and Ni fifms are deposited onto the Ge
pillars, without breaking vacuum or removing the shadow mask. Depositions of
both films are performed at room temperature at pressures of 5 X 107 Torr or
lower. The test samples with respective Pt and Ni films deposited thereon, are

30 then subjected to Rapid Thermal Annealing (RTA) for 30 seconds at about 450°C,
in nitrogen ambient. |V measurements are carried out to extract the barrier height

of each of the test samples, while X-Ray Diffraction (XRD) and Transmission



pillars, w thout breaking vacuum or renoving the shadow mask. Depositions
of both filnms are perfornmed at roomtenperature at pressures of 5 X 10"7
Torr or lower. The test sanples with respective Pt and Ni filnms deposited
thereon, are 30 then subjected to Rapid Thermal Annealing (RTA) for 30
seconds at about 450C, in nitrogen anbient. |V neasurenments are carried
out to extract the barrier height of eah of the test sanples, while X-Ray
Diffraction (XRD) and Transm ssion -8- Electron M croscopy (TEM techniques

dt dy,the f i d interf f th tal | id
e B AL b AT . e
|V measur ARiface Uf tR&thethl §drmpitide bhiGlcdesstasaqh &@éretofg?éém?ﬁib%@n@bt on

magnetron sputter on the back side of the substrate, after a standard 5
di | ut e HF tbe &ahi sihstpée fei thedWanaasuremeant eti and Al of $Gumthiskpesueachewere a

pressure f.5; - r.or lower. Fig. 4 .sho t he, resul of 1V

measur emencfe Ot§ gé(% #%é%%ﬁ%%%rﬂ SRENDI (&th%ﬁ?%&ﬁg&)ﬁge 85%%%%%%%%%? Séaé’(galr%yer ,
and sannealdigtd BIFf QeaniRy: DeposifibAs aePbhrld odln séémcbHipRratufe tRS prRaBgDie
1(a), Pt is depaosited onto Ge with a 35 nmthickness, which denonstrates a

barrier héfgnX18f LYHOT Ve eV, as shown in curve 402. In test sanple

1(b), Pt is deposited onto Ge with a 40 nmthickness, which denonstrates a
barrier height of about 0.80 eV, as shown in curve 404. is Fig. 5 shows the
resul ts of |V rRgstishowsttise reddis dflidmeestresamis eskenvindiiteliashribiedeposi t ed

ol o5 2oyt B B ERPRHER i GRHGYRY G ATaARH St RGP ETATIOS SRR
thigkness gtiot 8. ‘I’#‘?f@?%fah%l%?@), PRy H@;Soé?f’é'dg(ﬂ%to e AR 38-nfR tfknts, Shown

in curve 502. Test sanples are prepared by having N deposited onto Ge
20 with awtteimdenionisiratas a Whiridr redghtroftataué §. %8 &Y as showeiigletirvsf 4@hdat 0. 68

eV 28 SRS P cohbsiBoRB S8 £ 98 I EES iGNt s shown
demonstrates a barrier height of about 0.80 eV, as shown in curve 404.

15 Fig. 5 shows the results of IV measurements taken from test samples
which had Ni deposited onte Ge layer, and annealed to form Ni-germanide contact
structure. Test samples 2(a) are prepared by having Ni deposited onto Ge with a
35 nm thickness, which demonstrates a barrier height of about 0.75 eV, as shown
in curve 502. Test samples 2(b) are prepared by having Ni deposited onto Ge

20 with a 40nm thickness, which demonstrates a barrier height of about 0.68 eV, as

shown in curve 504.

It can be seen from the IV measurements shown in Fig. 4, that very

different Schottky barriers performance are demonstrated, even though the metal
25 material deposited in test samples 1(a) and 1(b), are the same (i.e. Pt). Similar

results are observed from IV measurements shown in Fig. 5, for test samples 2(a)

and 2(b). This is interesting to note because any metal germanide/silicide should

only have one value for its Schottky barrier height. In both cases, the feasibility of

controiling the Schottky barrier height by stacking Germanide on Silicon substrate
30 to achieve desired performance, i.e. a higher level of barrier height, has been

demonstrated.



different Schottky barriers performance are denonstrated, even though the
nmetal 25 material deposited in test sanples 1(a) and 1(b), are the sane
(i.e. Pt). Simlar results are observed from |V nmeasurenents shown in Fig.
5, for test sanples 2(a) and 2(b). This is interesting to note because any
metal gernmanide/silicide should only have one value for its Schottky
barrier height. In both cases, the feas1%|llty of controlling the Schottky
barrier height by stacking Germanide on Silicon substrate 30 to achi eve

desired perfor | . e, a hi r. Level . of b rr| r he|

denonstr at ed. [quggﬁ]sérgéltess%rﬁggggaagh%ameiyfﬂ § tg‘bt@?@ jé%?n% t est
sanpl es 1(Hh)andhdbWs)that atsllghﬂ%rédsétmé{lhéMeﬁéffﬂfhﬂmr(ﬁ@%%s lof 5hhﬁref§€|'[t§|m Bilm

t hi ckness of S5nmresults in a significant increase in barrier height. The
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substrate. tal terial
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denonst r atcedtaat strelgtureamrpﬁmh P{%i)candaatli®femedoon Bésbastrater hei ght of Ni Si

contact formed on n-Si substrate. Experinental results of test sanples
2(a) and 2(b) suggest that the extra Ni deposited resulted in a thin | ayer

of N Si in betwgesstNaaeplasdihr IS sei%@amém\é&héw ilaﬁzefrfﬁeataﬁérg(%rtéw ght. Fig.

6A|sanXTEM|rra?eof test sanple 1(a), % s an i mage of
t est sanplS@Mey 2(FPrand Zikgks th@hamﬁ:f lmhtaofeﬂ 83 eNcdemapstrated4n testsaswrioed,

which is n between

the n-Si %ﬂ)sub (?Séé"?%kﬁg%ga ‘}H.@ cﬁﬁ@fh@%@c formed 0% h- §|% 'E‘éﬂa
Experimental results of test samples 2(a) and 2(b) suggest that the extra Ni
deposited resulted in a thin layer of NiSi in between NiGe and n-Si, which lowers

15 the barrier height.

Fig. 6A is an XTEM image of test sample 1(a), and Fig. 6B is an XTEM
image of test sample 1(b). From Figs. 6A and 6B, a distinct layer 604 is observed,
which is believed to be a metallic silicide, i.e. PtSi, formed in between the n-Si

20 substrate 602 and PtGe layer 606.

Fig. 7A is an XTEM image of test sample 2(a), and Fig. 7B is an XTEM
image of test sample 2(b). From Figs. 7A and 7B, a thin non-metallic layer 704,
which is believed to be an un-reacted Ge layer, is observed in between n-Si
25 substrate 702 and NiGe layer 706.

Fig. 8A shows that, there is a presence of PiSi in test sample 1(b) but not in
test sampie 1(a). This suggests that the thicker Pt deposition in sample 1(b} had
sufficient Pt to form a layer of PtSi in between PtGe and n-Si. The results show

30 that the barrier height across PtSi/ n-Si interface is higher than that of PtGe / n-Si.
However, P1Si does not have a sufficiently low sheet resistance to be considered

suitable as a contact material, unlike PtGe which has low sheet resistance.



Fig. 7Ais an XTEM i nage of test sanple 2(a), and Fig. 7B is an XTEM i mage
of test sanple 2(b). FromFigs. 7A and 7B, a thin non-netallic |ayer 704,
which is believed to be an un-reacted Ge | ayer, is observed in between n-Si
25 substrate 702 and Ni Ge |ayer 706. Fig. 8A shows that, there is a
presence of PtSi in test sanple 1(b) but _not in test sanple 1(a). This
suggests that the thicker Pt deposition 0% sanple 1(b) had sufficient Pt
to forma layer of PtSi in between PtGe and n-Si. The results show 30 that
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sheet resistance., -10- Depositing a slightly thicker Pt resulted in_ excess
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resi stance gg@?ﬁ%ﬁﬁgme’ﬁ% result is high barrier height (PtSi/n-Si
interface) 5 Fig. 8B shows presence of NiGe and Ni 2Ge in both test sanples

2(a) and 2(b),_.w est sanple 2 havi re Ni2CGe. This indicates
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enbodi nent s . of invent.ion have _heen illustrated in, conjunction
w1 he SpuRtRd RS Ml BIRE M RugRY BE B Procendnb S RmRG: 88Tt &t | e
deser i pt i avithdut wilighuh thigreerarpriechaigRtwolRf haebe &y ebtdifed fronngie Nige bed to
the enbodinents disclosed, and is capabl e of nunerous rearrangenents,

nodi f i cat ifoR5SaMPIESr nat i ves and substitutions without departing fromthe
spirit of the

Although embodiments of the present invention have been illustrated in
conjunction with the accompanying drawings and described in the foregoing
15 detailed description, it should be appreciated that the invention is not limited to the
embodiments disclosed, and is capable of numerous rearrangements,
modifications, alternatives and substitutions without departing from the spirit of the
invention as set forth and recited by the following claims.



invention as set forth and recited by the following clainms. -11- CLAI M 1.
An sem conduct or device, conprising: a substrate of a first type of

sem conductor material; and 5 a contact structure forned on the substrate
wherein the contact structure is forned of a conpound of a netal and a
second type of sem conductor material. 2. The device of claim1l1, wherein
the first type of sem conduct or materialllis 10 silicon and the second type
of sem conductor material is germanium 3. The device of claim2, wherein

t he net al 'gﬁﬁ@§ected froma group consisting of Au, Pt, N, Pd, Ag, Cr,

Al and any of a nmetal in the group. 15 4. The device of claim 3,
wherein the conpound is Pt-germanide. 5. The device of claim4, wherein the
Pt -germani de has a thickness of up to about 100 nm 20 6. The device of
clai m 3, vher ei AN sRENCIRpSIATHSECiCoOgaidid de. 7. The device of claim 6,

wherein the Nl-ge ) 0 nm 25 8. The
device of claim 1 esﬂ'glté]ngf%erstftiqyé%8?33/%@?08{*@8%?&%%[’ (#'%nnt erial is

ger mani um and t he assgosnd sltmmr@ffosﬁetﬂ ofrHe GuUbEtrawt whemdin tife sditcion. 9. The
device of claim1l, having a gate | ength of about bel ow 35nm 30 10. The

devi ce of claim 1, vﬁ’f@l“é‘l‘rﬁ B %"B%@fﬁé’@@“%’rﬂgrq’fsﬁaﬁ’*etm and a second type of

semiconductor material.

2. The device of claim 1, wherein the first type of semiconductor material is
10 silicon and the second type of semiconductor material is germanium.

3. The device of claim 2, wherein the metal is selected from a group
consisting of Au, Pt, Ni, Pd, Ag, Cr, Al and any alloy of a metal in the
group.

15

4. The device of claim 3, wherein the compound is Pt-germanide.

5. The device of claim 4, wherein the Pt-germanide has a thickness of up to
about 100 nm.

20

6. The device of claim 3, wherein the compound is Ni-germanide.

7. The device of claim 6, wherein the Ni-germanide has a thickness of up to
about 100 nm.

25

8. The device of claim 1, wherein the first type of semiconductor material is
germanium and the second type of semiconductor material is silicon.

9. The device of claim 1, having a gate length of about below 35nm.

30

10.  The device of claim 1, wherein the substrate comprises:



-12- a source region; a drain region; and a channel between said source
region and said drain region, wherein the contact structure is fornmed on
the source region and the drain 5 region in direct contact with the
channel . 11. The device of claim 10, wherein the contact structure serves
as the source and the drain. 10 12. A nethod of form ng a sem conduct or
devi ce, conprising: providing a substréﬁ%‘of a first type of sem conductor
material; formng a first layer of a second type of sem conductor naterial
on the substrate formng a second | ayer of a netal material on first
layer; and is anneal?ﬁauf ¢ %%t | ayer and the second layer to forma
conpound of the net@bmﬂHQQ%bﬁl of the second | ayer and the second type of
sem conductor material of the first layer wherein the compound forms a
contact structure or@ndhg ochabsel ebweansaig sortiee reginp@ngrsaid drain 129iokher ei n

sem conduct of NG CoarREATTHE R Torhin oftbh sl Beld FpdS TRy
the gretal is sekgrire@ dif@canticowith the@resdbahéing of Au, Pt, Ni, Pd, Ag, O,
Al and any alloy of a netal in the 25 group. 15. The met hod of cl aim 14,

wherein the conmpound is Pt-gernanide. 16. The method of claim 15, wherein

the Pt- ger{‘fal g}ﬂlx{gﬁé\\/,ﬁetotﬁ'c%r% Herdh $he a‘?ﬁ@a(ﬁ%?r;ﬂ.{?t&%% RS ?%gﬁe ddurcéhe

met hod of c ein a i cknéss ra |o of
and the drain.

10 12. A method of forming a semiconductor device, comprising:
providing a substrate of a first type of semiconductor material;
forming a first layer of a second type of semiconductor material on the
substrate;
forming a second layer of a metal material on first layer; and
15 annealing the first layer and the second layer to form a compound of
the metal material of the second layer and the second type of
semiconductor material of the first layer wherein the compound

forms a contact structure on the substrate.

20 13.  The method of claim 12, wherein the first type of semiconductor material is

silicon and the second type of semiconductor material is germanium.

14,  The method of claim 13, wherein the metal is selected from a group
consisting of Au, Pt, Ni, Pd, Ag, Cr, Al and any alloy of a metal in the

25 group.
15.  The method of claim 14, wherein the compound is Pt-germanide.

16.  The method of claim 15, wherein the Pt-germanide has a thickness of up to

30 about 100 nm.



germaniumis between about 0.54 to 0.80. 18. The nethod of claim 14,
wherein the conpound is Ni-germanide. 5 19. The nethod of clainm 8, wherein
the N -gernmani de has a thickness of up to about 100 nm 20. The nethod of
claim 18, wherein a thickness ratio of the Ni and the to germaniumis

bet ween about 0.47 to 0.70. 21. The nethod of claim12, wherein the first
type of sem conductor material is gerné ium and the second type of

sem conductor nmaterial is silicon. 15 22. The nmethod of claim 12, having a

gate | ength, of .about bel o 5n 23. The thod of ,.clalm erein the

substrate Has aﬂ%%meé’g"‘? ng’\%m‘ Wa‘[’ %reﬁm %@?Wsﬁﬁa“%oﬁﬁﬁn%@”% ebet ween,
further conpri siditharfi@hs Batwédenh epBLEGE43610U8E.Ure on the source region and
the drain 20 region in direct contact with the channel. 24. The device of

cl ai m 23, wherein the contact structure serves as the source and the
drain. 18.  The method of claim 14, wherein the compound is Ni-germanide.

5
19.  The method of claim18, wherein the Ni-germanide has a thickness of up to

about 100 nm.

20. The method of claim 18, wherein a thickness ratio of the Ni and the

10 germanium is between about 0.47 to 0.70.

21.  The method of claim 12, wherein the first type of semiconductor material is

germanium and the second type of semiconductor material is silicon.
15 22.  The method of claim 12, having a gate length of about below 3onm.

23.  The method of claim 12, wherein the substrate has a source region, a drain
region and a channel therebetween, further comprising:
forming the contact structure on the source region and the drain

20 region in direct contact with the channel.

24. The device of claim 23, wherein the contact structure serves as the source

and the drain.



