Met hod - of Makl ng Fiel d Effect Tran5| stors Thi s I nvention re”h@i“‘%?‘h’&' _

.field-of sem conductor device fabrlcatlon and nore particularly 5 to

(rethods for making field effect transistors. It is particul arly applicable

N to short-channel devices, by which is neant those:with source to drain '
flengths of 1ess than about 2 nmicron. In the ‘manufacture of short channel

{ees with 10 polycrystalline Silicon gate electrodes, it is difficult-to

con the length of the polycrystalllne silicon (" ponS|I|con ). layer . -
deflnlng t he gate- and hence the channel Tength: this Length'is thus subject. -
tofluctuations fromdevice to device in the usual techniques 15 of mass. .-

_“fabrlcatlon of -frany such devices -at the surface of a S|ngle crystal silicon
‘waf er. SpeC|f|caIIy,_the actual l'ength of -the channel is so small in many -
-of the devices whose channels arE'suppOSed to be a mcron in length that an -
‘undesi rable "punch-through” (or- "reach- 20 “through") of the depletion

‘region of the'drain to the source- occurs: durlng operat.ion; thereby, :

~performance of the device is degraded. .I't-has ‘been.recogni zed by workers in =
the art . of metal oxidé sem conductor. fiel d effect transistor (MOSFET) 25 = °
structures that a shal I ow source-or drain diffusion/ (snall junction depth)-

. ctn yield desirabl e device characterlstlcs For exanple in an article by

. R ‘Hori 28 et.al. entitled " Short €hafinel; MOS-1 C Based on ‘Accurate .

'mﬁwo-D mensi onal DeV|ce Desi gn, ' pub|IShed |n Supplenent to Japanese - »

. -journal of Applled Physi cs, Vbl , -,u--9 i ' 6l._'t was: recognlsed -

i~that relatlvely -shal Heghos it R S R RE~ help yield a

5 relatively |ow ”']!h&%hqlrfbéﬂﬂ:.to%g&ea@ﬁ‘és ito areh@ieldhatel MOSFET -
._,Zth(r)trjftgagnﬁ;ev\ell as q%{?gl atiyvely H I%h Bunch m&&womﬁage A
undesi r alg e 4P Vet dl e O lm:ﬂik fileddhieff dotoiransistonay y F g8 par asi tic
: CapaCItancepart:.cularly applicable to short-channel devices, by which -
s ~ is meant those w1th source to draln 1engths of less than
about 2 micron. '
. In the manufacture of short channel dev1ces with
‘Jf'7'lon polycrystalllne silicon gate electrodes, it is dlfflcult
' to control the length of the polycrysta111ne silicon -
( polysTllcouV) layer deflnang the gate and’ hence the :

channel |length:: thls ﬁength is thus subaect to _ o
. fluctuations from dev1ce ‘4o .device in the usual technlques's'
15';of mass fabrlcatlon of many such devices at the surface
| of a szngle crystal 8111con wafer. Speclfically, the
; - actual 1ength of the channel 1s so small in many of the
é.:iib. devices whose channels are supposed to be a micron in’
: :7; o length that an undesirable “punchrthrough" (or "peach~-
. 4 20 through") of the depletion region of the drain to the
R . source occurs durlng operatlon, thereby, performance of
the. dev1ce is degraded. SR B .
' It has been recognlzed by workers in the art of |
o ‘ metal oxide semlconductor f1e1d effect tran31stor (MDSFET)
S 25 \structures that a shallow source or draxn dlffuslon/
= (small junction ‘depth) can yleld de31rab1e ‘device . .
characterlstics. For - example, in an article by R. Hori .
'28 et al. entltled "Short Ghannel HDS-IG Based on Accurate

-
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FER 2 ohmic resistance along a path.irom source or drain -
-electrode (or hoth) to the conducting ‘portion of the
channel during operation in’ the ON state of the device. ,
o o In the invention set out in. the claims an oxide
8 T_jf*zoffcoating on.the side walls of. a polycrystalline ‘gate o
"37'~“e1ectrode act. as part of a mask to delineate the source,_"
- and drain regions, which are formed by treating _
'-f'ﬁ_(e g. bombarding) exposed silicon areas. with a.transitlon
'7Tfmetal such’ as platinum cobalt hainium titanium or
“_';ij25j”tantalum~to form a silicide._ Shallow source and drain
':”'"°1regions may thus be formed: and, since the -source and -
'-ﬂ drain are almost entirely covered with.conductive metal
I;f:fsilicide the source ‘and drein resistances are low.. . Co T
BRI " Some embodiments of the. invention will now be - _'_f,: ':fﬁﬁ'~
_described by way of example with reference to the '
'accompanylng drawings of. which _';u,*"=
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FIGS. 1-6 show in section a sequence of various
7_stages in the fabrication of a MOSFET in accordance
-with the invention,--” '

""'fi'f35 o FIGS 7-12 illustrate in section a sequence of

F&G‘eh%tmﬂmhislespmsmicmweﬁaﬂeé stage of a _



andarelatlvelythln gate OX|deIayer 112 ‘as known |nthe art. A @
_ polycrystalline silicon ("polysilicon ') 115 1{ayer 113 (FIG 1) is then
Cﬂeposﬂed over *the fiel d and gate oxide layers 11 and 112, to a thi ckness
ypically in the range of about 350 to 500 nanonetres (3500 to 5000 '
angstronms). This polysilicon |ayer. i's doped with si gni fi cant: donor

-|s,,apw|t|es such as arsenic or_ 20 _hosp rLus arti ri e regl ons
‘overlying variousi ﬁﬁaseﬁraﬁsmof&§€99§8§°§n8 i %&F 5)65#'{] "¢
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“oxi de whérg MEsFEM,yin lamrld%mle wﬂﬂh fbhectmm @-gat e el ectrode and, at

t he sarretlrre sui tabl e for | qa#gsv \t §f Gghyey=t i ons in
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surface of ndga.qmlqlslﬂqnﬁnrﬂQ-aye#B ve ’s such as 35
~o%i dation @lﬁﬁg&ﬁmpﬂgrfh mmwmr@aedm(iﬁMfma@tectron
y t ho

“beam.or - X-ra aphi ¢ maskin nd | ayer 114 and the.
pgl ysi I orinpuRity e e’éﬁeeﬁ’egégi? T £c§¥| on%fwhere a B _
pol ysi | i conygivetiveties r@ﬂeth@ymsﬁﬁcme rintertacss def 1tBi8ng a o
-.poI ysilicon,intercon ct yer elgesrred (FI G s
Thi s gg? BLRR ¢ é@ ﬁ%f%\n%éﬁ %ﬂcgﬁ%gg %ﬁnl?? 8 surface by -
_a Sili con chmld@gbamﬁelmmgahq@xlﬁe layer 18, 88 ﬁB Y'g.s'lw: iconn
‘i nterconnecg t g§1 96oht €"podysilicon™)i th a
sili¢on-di &#3@+%conn&$%ﬁtﬁtm§ﬂgrgg4 ° 6 b hgtg ,
gat e- el Bt rhayer ay2p (BIG: n“baiﬁltl'&gﬁ PaRt Egdang W)éé g i cron or
short - channg&tgooxgggl t8yerdes. ahi nhe; b . axthackneselitmls;lllb'h_e

sydema1l in the range of about 350 to 500 nanometres (3500 to .
5000 angstroms). This polysilicon layer. 413 is doped
. . wlth slgnlflcanx donor 1mpur1t1es such as arsenic or
:'j20- phosphorus, partloularly in the regions overlying the
o ultimate transistor devices and in reglons of :
-.j1nterconnect10ns, in’ order to ‘increase the electrlcal
fcondnot1v1ty of the polysll1oon,to a range of values
:f- typically of about 10 to 100:- ohms/square, whlch is sulteble
-:25j_for a gate electrode 1n regzons overlylng the gate oxide
h 'where the polys1lzcon layer Wlll function as a gate
electrode and, at the same. tlme, suitable for electrlcally
' conductlve inxeroonneotlons in regions overlying the
f1e1d oxlde where the polyslllcon layer will: function as '
.30- an electrloal 1nterconnect1on (FIG. 6). Then a silicon.
" "ﬂdloxlde masklng layer. 114, typloally having a thickness
in the range of about 100 to 200 nanometres (1000 to 2000
.r angstroms), is deposited on. the exposed surface of the
poly5111oon layer by a conventlonal process such as -
351 oxidation 1n a dry atmosphere. By conventlonal photores1st,
- or eleotron'beam.or xeray 11thographlc masking and etchlns,
: the oxlde layer 114 and the polys1licon layer 113 are
38 removed except at locat;ons where a poly3111con gate -




he pon5|I|con Iayers 13 and 25 are coated with a thermal I'y grown
i{daydl/l gate oxide |ayer 15 and a sidewal | interconnect oxide |ayer 25,
re pegtively. 15 Typically, the thickness of these oxide |ayers 15 and 25
- is I'n the range. of about 20 to 50 nanonetres (200 to 500 angstrons)”
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becorre oxi de Iayers 14 and 38 24 - respectively;. and Whl I e t he gate oxi de - .

o ayer r ermai ndextiy hmthdmaiat@:imm Wy | v3 %é{%/‘zaiicon _
layer 13 plogsm t e oxt. e er ,
. ‘conpletely m)vedi JT?')é&dril’gbl % \ﬂt?et'@eép%( % %\&94 |‘tﬂet115a and the .
field oxi d Browny Iﬁé-dnes@]dngmh‘e tdxa.dd UaRire BPWmE and drain. A

““cheni cal | y sidawhille inRerichndeth r| né?;ne:tr gcess using. fl Eo“ de: ﬁl' '-
@kFopi c etching

| L?”fh;ﬁéx.%tﬁi@e;%ﬁﬁ%ﬁed ich“F 'S e mm Halyersi1g gl erpnce
. is in the range of about 20 to 50 nanometres (200 to.
- 500 angstroms). S:.multaneously with the growth of the
oxide layer 15 and 25, the respective thicknesses of the
'~ oxide layers 14" and 24°, as well as the field oxide
o 20 layer 'M, will all increase somewhat as a_ result of the
o -_respect:.ve slmultaneous thermal ox:.datn.on of ‘the underlylng
s111con or polys:.licon., In ‘case the length of ‘the
. polyszl:r.con layer 13 is less than what is desired for SRS
e ‘defining the length of. the ‘gate, a somewhat th:l.cker oxide
25 la.yer can be depos:.ted on: the s:.dewalls of the polys:..l:.con'
. as'by plasma deposltlon or- low pressure chemcal vapour S

- depos:.t:.on, 80 that the result:l.ng thlcker sidewall oxide S . ,
-+ . then supplies & lonser mask’ agalnst the - subsequent BT i
o diffusion of source and- draJ.n 1mpur1t1es, thereby reduclng S | a

30 . impurity underd:.ffus:.on in the gate- reg:.on and - thus
' mcreas:.ng the source to dra:.n dlstance, ‘as is des:.red 1n
such a case. = - I : '
| - Next. (FIG. 4), _the top surface of the body 10 is
exposed to an. anisotropic- etching of ‘the ox:Lde layers o
35, _whereby the sidewall oxides 15 and’ 25 remaln =
o substantlally intact while " the ox:.de layers 14' and 24' :.
are reduced ]m th:.ckness “to become ’ox:.de layers % and
38 _24, respect:.vely, and while. the gate oxlde layer 12



-10 to FI.G 9. ThIS backsputterlng process s tern1nated mhen t he sup
_of the silicon body 10 is exposed in the-source and drain reglons- 0 7
short time thereafter, so that there still remains sonme oxide in the |ayérs =
~ 14 and 24 covering the top surface of the polysilicon 15 "electrode |ayers =

13 and 23, respectively. - Since'the t%i okness of the nasklng oxide 114 i's
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-subsequent gh% ﬁﬁﬁ#???a #%* ﬁ?g%egﬁ %Psﬁiélﬁykﬁ?ﬁgoggp%%%r gggeof t he
‘body 10 i's Lamees;edstmsadbsmabedremorw £uliynbedpw vwikh zeferenagPum which
’for”‘;m[*fga' +8' PLG. d?es t&ﬁklaguun tterinp prbl¥saf ia ‘bbrﬁﬂ.ﬁﬁtédpf a few

tens nanonet St at . the expqse rtions ___f
of ‘the silivaen thecsue QPﬁhPSh PEnﬁFﬁichtgpgﬁéﬁgaF&nﬁﬁ? ﬁﬁat % ace of
~ the oxide aggage éSaﬁ&rfai‘asln?:ﬁegioﬁbqhbﬁga hhbremnbethereamem,can be

F oot " | apothah HAErangtAboFSBaLRy Botpopeiatiil (8 dhyerklih L0 1O
et al . deposah&damncbhermngdeheayopesurﬂaneze@ mhespnﬂabnélaﬁpustnent of the = -
-Y?{;ﬁra araiﬁé%%§885%89%fkd§5 sur é |s%grea gﬁst e a???ﬁgﬁlr;?ée Of o
' thickness of the masklng oxide 114 13 con31dera 1y srea er
than that of the gate oxide 12, a con31derdb1e margin
thus exits to enable the remaining oxide layers 14 and
24 to be of sufflclent thlckness, typlcally of about - _
'205 100 nanometres (1000 angstrom), to prevent the: formatlon -
: ~l-of 8111c1de ‘on ‘the gate electrode 13. SE j' ' -
“l Next, a donor 1mpur1ty 1s 1ntroduced, as by 1on
o flmplantatlon and diffusion,: 1nto the source and drain
_”ftareas, to form diffused source: and drain regions 10.1 and
”25;510 2, respectlvely (FIG. 5), contlguous with the surface .
' 'of the silicon body.' For example, ‘a dose- of arsenic is |
_ 1mp1anted at about 30 Kev and diffused to a concentration
“.'typlcally in the range of about. 1019 to0 1020 per cubic
' centlmetre.- By "3iffused™ in this context is meant to
. 3Oif1nc1ude any thermal dlffu81on step elther s;multaneous _
" with or subsequent to the impurity 1mplantat10n step. Then
- .the top surface of the body 410 is subjected to a bombardment
.”fw1th a metal, such as tltanium, which forms metal silicide
c layers 16, 47; typically of a thickness of a few tens of
'35fjnanometres (a few hnndred angstroms), at the exposed
' -portlons of -the s1licon. The metal which remains after
. bombardment on the surface. of the oxide areas is removed
'387fby etching; for example, titanium can beietehed with




"Ne he top surface. of the .body 10 is coated at selected areas by

eon nt i onal dep05| ti on, maski ng, and 10 = etching/techni que_s,.'vm' th an
(lnsulatlng | ayer 22, such as tetra-ethyl-ortho-silicate., typically of 4

.t-hi ckness in the range of about 0.5 to [err] (5000 to 10 000 angstrons).
further.conventional techniques, netatli@atton is then applied contacti ng _‘,_..\'
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el ectrode- tiQn cont acts 9 d 21 for source an
‘the sanme ti né%'wlphég 5’%59 tado isidd cdgia a?eexe:gs 16 17. oy
pol ysi li-con. ﬂlhyeamonﬁtalod' ﬁﬁb‘allr Wsmtdﬂ&&hé ostildre iyl 1 Ng | ayer 22§J

- in order to- |4 n acts 18 ‘and 28 for the -
“gate and the m?bg'%gﬁnebe%'ﬂ% \ﬁ%1 537 %S’p & VARYINE RanametrrHn
~that redu2edofathei me@aﬂabomolardm aoc &hiat thhe Aealdval &@b’éfoflo 1and -
shal | ow. dr ai ﬁlﬁgng | atakher t%b‘f |icidel ayer and 17 - and
~that a reduc ﬂﬁ oy § efbiellge% e overllﬁ‘ap ?I 269 &scé‘ % o
results as c aP-E'Hl hrﬁ‘EPe conventlonal nethods.. As shovvn in the _

. seduence of dr aW| ngsNeitGStha $dp %u'i-ﬁ!ﬁbb 6&61%%' q Vi rb%(},g% (FIG
12) is fabri g n do ma%r surfac -nmonocr, I|ne IR

. sem conduct i Vé g ?‘g 16.% 3%9 éJo Sﬁ% hdepositbi @emmkima,orand '
~mul tipl el@eveteh: rteehanuést)at:i;ﬁhtgﬁhﬂnguggi;insnmgyey a%}ﬁﬁ@sﬁ ET L

---__-‘-32'31 R s L SRR G e L U -
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“'seni.conduct arp Jeﬁq‘]c‘?l}@%ct%u’@hevme?ah slbw;dehhayers hévang a :
relativadg 1Py ﬁ;tqapmelcoﬁulmmlgye $84ér gé@{@éee g# conduct ivity of
_about 10 oh The |1£ax‘|m lage'bsaond 21 fo th ageousl y of m)dera'_te
el.ectrical con T the source and drain;
. at the same t:.me, this metall:.zat:l.on is also applled
contacting the polysilicon layers 13 and 2% through
o apertures in the msulat:.ng layer. 22, in order to form
__'20 ____-'_.electrode metallization contacts 18 and 28 for the gate
'- -and the: 1nterconnectn.ons. It w1ll be apparent from this
descr:.pt:.on that reduced paras:.tlc lateral res:Lstance in
- the shallow source “10. 1 and shallow dra:m 10 2 is afforded
) by the metal s:.l:.cide layers 16 and 17, and that a reduced
. 25 ‘gate electrode overlap paras:.t:.c capacltanoe also results, _'
: as compared w:.th more convent:.onal methods. woee :
S As shown in the sequence of draw:.ngs, FIGS. 7-12,
. a short-channel MOSFET dev:.ce 40" (FIG. 12) ‘is .
o fabricated on a top. maaor surface of a monocrystallme .
_ x-"_;semconductlve s:.llcon body 30. ‘As known in the art of
semlconductor mult:Lple dev1ce fabr:.catlon ("'batch technlques")
. many similar MOSFET dev:.ces can be s:.multaneously '
L fabrlcated in such a body, all of these devices. being
_ mutually electrlcally 1solated by relat:.vely thlck
- 35 '"("f:.eld") oxide region 31, .. . s
: o ' The body 30 is formed by a s1ngle orystal
| _-__.'semconductor bulk portion 29 upon a ma,Jor planar
38 __-surface of wh:.ch has been grown an epltaxzal semlconductor >




typically P-type, owing to a net significant acceptor inpurity I @ :
concentration ordinarily of the order of about 15 to 1017 per  cnB, :

~typical Iy about: 1016 per cnB. The thickness of this epitaxial layer is’

- typically about 10 one or two micron or less. In order to fabricate the
'IVDSFET device 40 (FIG 12), a thin (mgate oxide") silicon dioxide l.ayer 32.
GBS 7) is thermal l'y grown on the ez osed .portion of the top surface of =
the‘ body 30aiepi 0.5y t&ypﬂ:hﬂd.kme&heofseﬂc@ﬂmoa POt A WPehanonet res
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épi taxial - Bol ayek: qumom 2. t"]ﬁeu'égﬁ am@a D@Ye]r taﬂlé Qrs ginal crystal,

e e

~in order to prOVI convent | onal IS n betme hbouring -
~ devi ces5 " pdvemiage %’@ nd’@rﬁqg@&' ‘%@t lﬁ?frﬁ r y* |i t hagraphy,-
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- okide as f k1 :@n.\f.’s | 6Bl I dBodties - '
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- syrfacdQ usine dx MWI{@% @8f» beam x-ray, or. photo) techniques to
‘shape- the mask. d}.‘dé&”ﬁ/&tﬂﬁri&ﬁ@Me msmmwmm_gl\ktype
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| layer, relatively thick oxide reg:.ons 31 are embedded,
by means ‘of a conventional thermal oxidation process,
. at selected port:l.ons of. the eprbax:.al P layer down to " o
20 ‘the. underly:.ng u-type or:.g:.nal crystal, in order to
- prov:Lde conventlonal oxide 1solat:|.on between nelghbourn.ng
"dev:.ces. It should be understood ‘that electron beam or
x-ray l:.thography, as. well as photol:.thography, can be
-~ used in comb:.nat:.on w:.th standard res:.st masks to def:.ne - -
| 25 the areas of selective formation of the thick oxide. Then
o an electrlcally conduct:l.ve N—type polycryst'alln.ne s:.ln.con '

: & . layer 33" 18 depos:.ted on a pre-selected area of the
o " exposed surface of the thin oxide as formed by conventional
e " resist mask:.ng and etchmg technlques appl:.ed to a

.abe polycrystall1ne layer orlglnally deposlted all over ‘the
" . top surface, us1ng 11thography (electron beam, X-ray,
or photo) technlques to shape ‘the’ ‘mask. Thls polycrystalllne
'layer 33' is typically N-type sem;conduotor owing to its
) ~ being doped wlth 31gn1flcant donor 1mpur1t1es--such as d
35 arsenic--to increase . 1ts electr1ca1 conduct1v1ty, and it
"~ has a length of typlcally about 1.0 micron in the dlrectlon o
of the source to drain channel of the completed dev1ce
"38”7and a width of typlcally a few mlcrons 1n the transverse



" crystal line sili con Iayer 33 “are subJ ected to a 5 conventlonal
C(¥dation techni que whi ch oxi di zes t'he pol ycrystalline silicon toy
“thin.silicon dioxide coating |ayer 34 on the surfaces of the t-hus

iélda

remai-ni ng, unoxidized N-type pol ycrystalline layer 33.(FIG 8). Typi cal | Y,
- this oxide coating 34 has a thicknese 08 about 10 50 nanonetres (500
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backsputter:.ng (reactive ion etch:.ng) with fluoride ions

" (F*) in a Plasma produced by CHF; By "anisotropic"

_ etch:l.ng is meant etch:l.ng preferentlally in the da.rectlon
_perpendlcular to the ma,jor surface of the body 30, For

example, a cathode plate 52, typlcally of plat:.num,' is-

(not shown) connected through a capac:.tor C to ‘an. RF

'located at a d:.stance typ:Lcally of several times 2.5 cm .' |
from the body 10 in. an evacuated chamber (not shown). o
Th:.s body is mcunted on an electr:.cally conduct:.ng plane

voltage source E, typlcally about 500 volts peak to peak
o at a frequency 1n the range of about 2OOKHz to 14MHz, .

50

typ:.cally 15.5I‘Hz. ; !Ehe pressure 1n the chamber is reduced

_to below about 130 Pa (1mm Hg), typlcally about 6.5 Pa

r, the
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ThleC qenting B4 \has ayectisieknes s, ofy&bt‘i&’t' y about. ) -

at” the o
aan:.sotrop:.c etchlng techn:u.que, such as chem:.cally reactlve .

| (50 micron Hg), in order ‘that, wh:Lle 4 plasma forms in the R
ne:.ghbourhood of. the cathode plate 52 the top surface

of the ep1tax1a1 layer 50 5 remams 1ns1de a dark space
reg:.on of the d:r.scharge from the cathode plate 52. The
REF power :Ls typ:l.cally about . 20 to. 100 watts for a cathode

5 several tmes 2. Scm in dlameter, and the temperature of
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the bod.y is malntained at typ:.cally about 500°C. In thisg

manner, the fluorlde 1ons bombard:.ng any element ( :mclud1ng



‘of the hody 30 strike it froma direction which'is essentially normal to @

,‘-—\

- remaini.ng < i 6%

_,the top maj or .surface of the epitaxial layer 30.5; thereby these ions
‘tonpletely remove 5 -the thin oxide-only at the surface portions where the
-normal to the surface is parallel to the vel ocity. vector of t he bonbardi ng,

i‘on, but not -at ‘the side portions. In so renoving-the thin oxide portlons,

however, | s inportant that the i cﬂé sturfaces of the polysilicon |ayer 10
33 Chus rergy cﬁ@ﬁi@w tho Ly 18t TRIFEF) Mod@tsEvet | $heotdp onsrodce he

mg_/de Iayer 34

th t | d t f th ’
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ferr] and [err are te hg, re I fromthe
- exposed oxi r?f ﬁge ngEﬁ% ?%e% ?lf&ce | gfrlgg g iég]arrl val
‘rate. Thushonzmtahl direction) oﬁrth@saremaimssbsadﬁueléf oahglekitﬁd :
(pl atlnum C t n I 0 f sgxpgsed
eﬁ%ﬁélﬁﬂ% db%i):(l %g s &El’leé €500 aﬁgxt{aeﬁt) Endfl 18XB4

~oxide, eith
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completed device.
Next, as 1ndlcated 1n FIG. 10, posltlvely charged
o .7argon ions are directed upon a platlnum cathode target o
E 20 51 in order o sputter platlnum from the target onto the |
’ .7body 50. These posltlve argon 1ons have sultable k1net1c
ulenergles ‘due to. an accelerat1ng voltage E (of negatlve
' polarity) applled to the target.' This sputterlng of
_--ufplatlnum results in the arrlval of platlnnm atoms and/or
¢' 25 platanum 1ons at’ the exposed top surface of the ep1tax1a1
' layer 30. 5 where the platlnnm accumulates on the exposed -
'jﬁ- . "sllicon as meta1-11ke platlnnm silicide electrode layers _
7_35, 26 and’ 37._ The voltages E ‘and Ea are adausted s0
' that the removal rate of platlnum from the exposed oxlde
'_301'port10ns of the top surface 1s greater than the - arrlval
_' _'rate. Thus, essentlally no- metal or metal-llke substance
| - of any kind (platlnnm or plat1nnm s111c1de) accumnlates on
| *:any portlon of exposed oxlde, elther the fleld oxlde or the
o gate oxide. However, if any metal should accumnlate on
1 357sthe oxlde, a subsequent treatment wlth a conventlonal o
L etchlng solutlon, such as__g__ re 1a, can be used to
;';”remove thls metal but not the s111c1de or oxlde layers.'
1. 38 . - The donor 1mpurity dopant arsenlc or ant1momy

LI



at h) can advant ageousl y - be added, to the target 51 for t he purpose of
~Si Ty taneously form.ng by "co-sputtering” -a pair of spaced apart, : -
sélf-ali gned N+ zones 30.1 and 30.2 during the bormbardment with platinum _
- These N+ 5 zones are formed by reJ ection fromthe platinumsilicide of the
~inpurity’ dopant into the sili con ( se.gregﬁt |.on ') .- Because all subsequent

-'prqeesm ng res a e te erat ure at which_ significant et
- di ff-usi on @%ﬁ* e %ie ub%e iR the ?%Q‘és‘iﬂ tf?% 0 .
N+ ‘P junct itives purpose ofl |s:mu](ﬂanamds e';'q&tﬁtnguby Mdo<capies R

o T T on.4 es ernajjve 'e LN
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“fabricati o® the boumbandment: thﬂbrpl&a‘hmmma.l tBrdEs (mles as ion.
i nplant gt i nglgd Q(gﬁg r I | 1ine-
~layer 3? WQPh [ 33‘\?; | .OXI- d§y34 as,. ﬂ %E HF%%% ? rrper'@?o%@'{ $ese

“inpurities®fT oc HRpRn1 d@%%oa a3 Jdeemy | 'Tmﬂﬁatm'b).atl num
bonbardneniBesaalsealaﬂ.l subsequietity @Q"oc\e@stl yvolts, and.

et Y
tEg :o:aﬁnat ga\ig}ql %g e%ﬁg%a}%e%ea%s% out- 500 to 1000 volts peak

| . - @iffusign f y about
20 to 100 mubq.eSa;ncauﬂmmbcmss,emldapuEa:ﬂ&h& TRl gimgli anet er..

- ' The freguergy rate of platinum. -
~and pl gftgl ngq. Pap%éﬁbgkrl ng%sh %'lhbar dxrg%b EJ%ﬁe ‘t‘ﬁé’ﬂmt he-renoval - g'_‘ ;
Crate of plSRAGARRY £ABsDAaas L4t eaesuna Rangmetmes (160 angEtram) .

" _-plati num Soki neég.t ends to ‘ensure the net reroval - of" 30 any/metallic

“platinum i n|t|aIIy rr|V|r1t= o tf yosed: ‘oxi_de-whi | e. the net permaneht
formation and accu B’Va HG w1} meﬂe%élu@dorﬁ(l-@em&aed S

si licon. (wﬁertned atnanr earihbmstagep@lfyth\esffalﬂrl%ﬁ)blon'ﬂlq é Of

U S S e, b -
L t6 20 ‘nmicr endl—@;.ffnsaen ofedbooratimpuritibs usdng thmwlydmeu&l&&e o
| ayers 35, l&ﬁei\n%?’%lﬁﬂ BRaefiR2Soide! 54085 Eﬁ%ﬁs wh?.cﬁ is.

1mperV1ous to these 1mpur1t1es.
~ Typical values of the parameters useful for this
20 platlnum bombardment step are. E1 is a dzrect voltage ,,.;_
11._' equal to about 1000 volts, and E is an RF. voltage in the
:j-range of typlcally about 500 to. 1000 volts peak to peak
-at a frequency or about 13 HHz.' The RF power is- typlcally i
~* about 20 to 100. watts for a caﬁhode 51 of several tlmes o
.25-£2.5cm in dlameter.i The frequency and amplltude of E2 _
a:control the remaval rate of platlnnm and piatlnum 8111c1de
_durlng the boﬁbardmente The fact that the removal rate
o of platlnum is thus made to be’ about two or more tlmes that
_=.fof'p1at1nnm s111c1de tends to ensure the net remcval of
'-30':any metalllc platlnnm 1n1t1ally arr1v1ng'on the- exposed
”',oxlde whlle ‘the net permanent formatlon and accumulatlon
'of platlnnm 3111c1de occurs on’ the exposed 5111con (whether
_;monocrystalllne or polyorystalllne). The temperature of
'pthe body 30 durlng this spuxterlng process 1s typlcally
:,35 “about 625 Cey . whlle the ambient pressure of argon is .
”:typlcally about 4.5 to 2.6 Pa (10 to 20 mlcron.Hg)
o After the formatlon of the platinnm 811101de _ .
38'f1ayers 35, 36 and 37 on. the exposed slllcon surfaces to a =

N



\

t hi ckness of'typloaliy about'a:feM/iens of ‘nano etre 2
onetrés (a few- hundred P
:.angstron) the top surface of the body'.30.is coated at(selected ar eas
an insulating layer 42 (FIG 11) by canventi onal ‘deposition, masking,” and 5

~etching techniques. This layer 42 is t i
ypically tetra; :
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.sem conduct o d 0 _
handred angst 26 ¥nko réspakigvef e&l&@lttroda‘ mmdamtmmtr% 8 SBew
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‘tenperature 59,nen§r&atgPrtﬁ&ﬁ g@%e@ 5Lr|ng an é%ﬁ?%p]lon stegrgﬁﬁggquént
___t(r) ;[/\Fﬁ d:c f f upifoghef cbh@ietw IHOSi‘&r‘ibsievA@q IﬂQ.l&EI&'e FIG 13, the .
gro of ‘the thin ox ﬁﬁﬁﬂglcperatmbnsoathat the N

1 t
iR oty dop g R
Gy ol e B 0 et poearis roreI oozt wisvEiSy -
-;reglons 51. lodhdmiﬁqyeqtg éﬁe to. su§¥5c§ ﬁaﬁﬁelérﬁnﬂéf|ﬁﬁéd by P+
" thick (fleld) oxzde._ Alternatlvely, such channels can
be avoided by u51ng a v—type (1ow conduct1v1ty N—type)
20 body 30. o |
| 'ﬁ_f, L For good tran51stor dev1ce performance, 1t 1s
'a.useful to have the source and draln reglons 301 and
j._'.30 2 as. shallow as p0531b1e, that 1s, the 1mplantat10n
o process for these reglons should 11m1t thelr depths N
' 25 beneath the surface of the semlconductor body to a value
"ltof about a few tens of nanometres (a few: hundred angstrom),.r
-whlch can ‘be achleved by u31ng a semlconductor body
temperature of no greater than 500°C during any
o '_fabrlcatlon step subsequent to the dlffu51on of these
%0 ZN+ zones. L L R ' :
_:'-' As 111ustrated 1n FIG. 13, the growth of the thin
":oxlde layer 32 can be completely omltted, SO that the N-
. type polycrystalllne silicen layer 33 dlrectly contacts_'
' the top ‘surface of the s111con semlconductor body 30,
-35'-thereby formlng a PN Junctlon thereat. . The resultlng
- dev1ce is thus a junction FLT dev1ce ("JFLT") " In
_ this device (FIG. ﬂB),_Lne N+ regions’ 30. 4 and. 30,2
38 are replaced by P+ reglons 51. 1 and 51. 2, respectlvely,

Do
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2 ~that the device has a relatlvely | ow barrier Bchott ky source and -
at vely |l ow barrier. Schottky drain; for exanple, a barrier of 0.25

the case of platinumsilicide on P-type silicon. Cbnversely,

_ a relatively high Schottky barrier of about 0.65 volt
is formed by using hafnlun15|I|C|de |n12Iage of platinumsilicide, The’ )

be ate can be_made '|'arger than that between source
S Bat fe Ao i el
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~the neighbo

. 51.2 (or
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does not

. layer 33; "~ ate
to source dmn (iﬂﬂde (@ P $Rnh | J(%%‘rl\/breover again omtting the thin

. oxi.de layer 32, a aI gat e FET _structure-can be -obtained by -
.-carryi ng out t he r’rﬁ%ﬁ dd'o%ﬁ?"cﬁr&ﬂ @bmm and gmtesoﬁnlbeamadg Iong a.
S otime that tleegex vharsttidt eetween sourde 'a&&%@é&t%
' it |s adv QuS .
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tlrmosmaa Bﬂike |mmhmm3hnodemﬂ abherldpagies | nStead’
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80, care must be taken that the diffusion of these
regions 51.1 and 51.2 does not extend either of these
regions laterally to the polycrystall:me layer 33;
otherwise, an undesirable short circuit of the gate

: electrode to source or draln (or both) w:.ll occur.

Moreover, again omttlng the thin ox:.de layer 32

| ‘a metal gate FET ("MESFET"). structure can bée obtained by
L carrying ‘out the metal bombardment step (FIG. 10) for

| suffzc:.ently long a t:l.me that’ the polycrystall:.ne layer 33 o

is eompletely oonverted to metal-sll:l.cn.de. In such a

- case, it 1s advantageous to use a relat:.vely hlgh barr:.er
. Schottky metal such as hafn:.um :ror formlng ‘the- s:.l:.clde
o Ain ‘the case of a P-type s111con layer 3045, (platlnum

__N-type ep:l.taxlal layer 1nstead of the P-type layer 30. 5). : |
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- for N—type 31110011), together w:.th a. palr of localz.zed

*d:.ffused P+ type zZones mstead of" the local:.zed N+ zones

- 30.1 and- 30 2 in the P—type s:LlJ.con Iayer 30.5 (or to

reta:.n the locallzed N+ zones 30 1 and 30 2 but in an

Aga:.n, ‘each (or ‘both) of the locallzed d:.ffused zones
can be omtted (spec:l.ally at the source reg::.on), whereby

- the source or (and) the dra:.n can be of the Schottky

barr:v.er type. -
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Instead of grow:.ng the ep:.tax:.al P—type la,yer 30 5,



38 . dnstead of growing the epitaxial P-type |ayer 30.5, - 13‘-_

. the top surface of the original [err}-type seniconductor base 29 can be

' reat ed mnth(excess acceptor- inpurities. This [err]-type base 29 contains
" ‘about [err] per cnB excess significant- acceptor inpurities. In an exanpl e,
5 soIer for-illustrative purposes _upwy the top surface of the origina

-type ase 29 are_ succegsjyvel of me. nano angstron)
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,j's reduced EBnQbBEtt§Egcally about 100 kev to a dose of typically
| : about 1012 to 1013 per square centimetre in the complement
- of the GASAD areas. - Then ﬁhe resist material 1s removed, o
e_  20e,1eav1ng the nitride layer 1n place, and a thlck 900 |
"';e;nanometre (9000 angstrom) fleld oxide layer is thermally
ﬁ7grown in the field oxide areas (complement of the GASAD = N
'areas) whlle the top portzon of the nltrlde layer in the _'
3_?GASAD areas is conwerted 1nto an oxynltrlde layer. Next, C
25 successxvely using etehlng solutions of buffered hydrofluorlc_”'”
_“J ac1d and phosphorlc acld, the oxynltrlde and nitride layers,
'e:frespectlvely, are succe831ve1y removed from the GASAD areas
T;awhlle only a small fractlon.of the Qxlde layer is thereby
f_'removed from the thick fleld oxide layer. Then thermal
'30' growth produces a total of 300 nanometre. (3000 angstrom)
-7of 311100n ledee in the GASAD areas and.- a total of about -
3'950 nanometre (9500 angstrom) of silicon dioxide in the
' f1e1d ox1de area. Next, all. the oxlde 1n the GASAD areas
is removed by etchlng w1th buffered hydrofluorlc acld,-
35 while the field oxlde thic ess is. reduced to about - 650
'ef'nanometre (6500 angstrom). Then another thermal growth
.*step produces a layer of - 8111con dloxide 'in the - GASAD
38 . areas. havlng a thickness in the range of about 10 to 50
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field oxide areas na the de, l-ayer .32 (E s thernmal |
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~ yicht Bo altoas SeipEo (the "85 RER Bpfpn, dob SupiasipaRea, J0°0! PO
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(I ow. con&isl me!s;id& t'gmd;hemsrmal after- thie bmommmaqmmpd S
P-t ' o
abo%gedgscrl Be%hgtew ces. | ns ﬁ%& ngiﬁﬁtorl del ons renove k2N
- rfrmmosmsthagﬁe . mmaq}mmm either =
a 25. ch d’i@e r&*@gab for the : -~
~ooxid rem)vai h'?yep areover ] ns SH? p?gu %ﬁm other “transition netals -
R CRWRA sucmm'qh Anvention: hag, bees @m 33mch of which
forms a: %Bkﬁb’ téﬂ'}@diﬁénﬁa CMB%V ol ca

! .?”ﬁéeﬁéifpet%ﬁ%"u%%#m :sé B8, ﬁ)sen‘faapf'% frs?m wlete 0"
‘drai n_( oFopoeixaniple;, \i2MiHe sétbodiments’ dsseribed With neféremtat i num -
silici deto FIGS 7-13, the semiconductor base 29 can bev =type |

20 : (low eonductivity N—type) i.nstead of x=type.. Moreover,
R-type and P—type conductinty can be everywhere S
- interchanged in all the above—described devices. Also, .
~ instead of using fluoride ions to remove the oxide (FIG-9), S
. other 1ona, such as argon, may be used, that is, either a
25___'_chemica11y reactive or nonreacti.ve ion etching may be
" used. ror the omide renml step-_ Horeover, instead of
i platimm, other transi:bion metals can be nsed, such as R
- cobalt, harniun, titani\m, or. tantalun, each of which forms -
- . netal-silicide suita'ble :ror a; Bchottky barrier on silicon. o
- 30 Morecver, the B+ region 30,1 or . 30.2 Cor both) can also o |
~ be omitted from the Revicg shown in FIG. 12, thereby i P
: .form.ns a Schottky barrier scurce or-. dra:.n (or both) in a |
MOSFET structure. Instead- of forming the platinum ‘silicide
by sputtering, plat:mmn 1tself can first be ‘evaporated
35 all over the surface and then be converted into platinuni 3
' silicide by means of a temperature "spike" treatment .
‘typically’ of a‘bout 4oo to sso°c for-typically about 2 to

-

- .
(/ . therearter be removed by etching with hot gg reg:’_ta. _




fby'spUttering,'platinunritself'can first'bedevaporated 35 all over the {f§%>1
surface and then be converted intOvaatinunrsLIicide by nmeans -

_tenperature "spi ke" treatnent typically of about 4ﬂm yp| cal ly. -
'abouf 7 to- [err] t hereafter be renoved by etching WMHHIWHM{m _ o
'_CLAINB 1.. A nethod of -nmaking a short- ch¥®nel field*effedt tramsistor in
“s¥ficon senrconductor ‘body wherein a potyerystalline silicon gate.

- el ectrode is formed: W|th a 5 sHmonQﬁ:AMl&le coati-ng on the side wal | s

"t Ref eof | | ef
_t eo ‘a-si |cor1 soy [ treat e#qnﬁ g @r%f@_ém Vs rE s Ple) ef t

uncovered and the- body a transition netal. so as. to.forma

lLayer of corRRkAGy STARSISEOT i e Shliepn a%%w%wr%rb%eaehﬂﬁmr m
‘source and ctepduyi&yéemprwe £i 11 oI EheStPIdE i NESedn wides ei n

;the oxi de -l ayer ini ext ends over the source and drain_area and
el ol o are i e deidn Ghati BR R iR AL | IR d R A oS oxi de
fromthe sowikicon sdurch aareaarm draimhegrédrain ftiven bddy sbeitnguléﬂtes of

‘_.tsﬂfef.gifimel S ' e 5t 14 el 8 Bl PLERRAS < o

- greas. . mem rﬁm as o aiomi a nla:r@ R, cambretirreanetal silicide
;,anlsotroplc I ce of the
gate el ect roor? C{\}% I's té\@{( an t ed(%)’(%deﬁé)n eé%aéilg&)a(?ie%{sﬁand t he

4 e f orlQhinesk QRSetchrng step |s carri'ed out. is short enough to. |eave -
~an oxidelayer on'the A Gethdd e ¢lated O ecPhimel ogisrsn. 4. A nmethod ©

_as. clalned ] ¢l ai rein at.the ti of the transition
etal troa i BhiRe xSt HLAAE SR Slod Sk oot A e so
. that netal AArain teres dmd nbacbrding gatamisetromie. eﬂﬁhing step5." A

method as OB bt fa il Adloddl SRIQL- £6h! CAE G 88 %nd N OuGNOUT

the whole thi ¢
15 drain areas rather ‘than from the side surfaces of

;the gate electrode and which 1s carried out. for ‘a time
which: is sufficiently long that the: oxide is completely
_removed from the. said areas..~ , : .
L ',”,31 A method as - claimed in claim 2 wherein )
' 20'°prior to: the anisotropic etching step there is an ox1de
. e_'layer on the top surface of- the gate electrode which is _
"_'thicker ‘than ‘the oxide on ‘the said. areas and the time for. o
d ‘which the. etching step: is carried out is short enough to.
- _' lfleave an ox1de layer on the top surface of the gate - g'
.25 electrode.- _ : L : ' IR
. 4. A method as. claimed in claim 1 or claim 2
enf-f: : . wherein at the time of the transition metal treatment
' _the’ upper surface of the gate electrode is uncovered so
_ that metal silicide is formed on the gate electrode.
30 . . B. A method as claimed in claim 4 wherein -
| - the metal s1lic1de extends throughout the whole thickness-
of the gate electrode. ' '
_: ' - 6. A method  as claimed 1n any of the preceding
_ . claims wherein the transition metal treatment comprises
' 357'bombarding the body with the transition metal.
f _ A method as claimed in claim '8 wherein
_ _‘during the bombardment a voltage is applied to the body
- 38 such that substantially no metal or metal silicide
”h.accumulates on any oxide-covered portions of the body.
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‘which a polycr al i nterconnect l'ectrode i's formed on afleldowde

‘layer - S|rrul¥‘§1#é&b‘§\ t\?h%ﬂ? the gate electrode, -the field:
s oxide ﬁyer bei ng ajfflAcumtlﬂqd tals @R ailnmid i unlynqif dqma)lpiteﬂl ed;_rngmve\(ljmbyh ;
- the etchigng S c alned in.c n i C E
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. si mul t aneoudsy farmed loa faoditiedd oxidee layiede s:iayx-irtmd\iaiyswﬂd:lsurfaces of .
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..substantlally .as herein crib reference to FIGS. 7
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.on’ the prermxdsleoﬂ.alylee' Bt dormekd ione a side surface of the interconnect = .~ ..
- g .electrode simultaneously with the formlng of the ox1de
- layer on. the side sur:taces of" the gate electrode._
| S11. A method for :forming a fleld effect - .
15 _ transistor substa.ntia.lly as herein described with reference
. to FIGS. 1 to 6 or FIGS. 7.to 14, or FIGS. 7 to 12 with =
---FIG. 13 oI the a.ccompanying drawings. EE
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