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2118364- = 1- PROCESS FOR FORM NG CCNPLENENTARY | NTEGRATED CI RCUI T DEVI CES.
This. invention relates to the manuf act'ure’ of .5 seni conductive i ntegrated
\devi ces and nbre ‘particularly to such devices which include v
ntary types of elenments. A significant trend in sen conductor

ure is the steady increase in the nunber of elements thgt are 10

i ncl uded.on a single chip. This has involved nmaki ng the individual

el ements smal |l er and packing them closer to increase the d $Q¥$ngth the
~increase in packing density, there has grown the need for 1$0

barriers between el enents. Typically these isolation barriers 15 take the
formof guard rings or chanstops, which are regions of relatively high

dopi ng, to reduce | eakage between nei ghbouring el ements, as night be caused
by spurious inversion of the regions between active elenents Such

i nversions are apt to occur because of the voltages 20 on the conductive
runners overlying the chip used for applying operating voltages to the
active elenents. These chanstops “advant ageously are usually fornmed
underneath a field oxide, which is a relatively thick oxide used to overlie
the chip at passive regions between 25 the active elenents. In

conpl ementary integrated circuits, <thdre=wi || be instances where contiguous
transistors in the chip are 28 of the same conduct|V|ty type in which case
a single -2- chang; I I Al S Uf ) hS%J-tIOﬂ and - -
i nstances wher e Conte—eeRs PP RERALED (v type in

whi-ch case a chanstop of each t@ﬂlﬂ%ﬂﬁﬂlggmem rabl e for opt| mum .
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refer to sucifepiaoniuqfiyvednteggated fidicpit devices and more
particularly to such devices which include complementary
types of elements.
A significant trend in semiconductor manufacture
is the steady increase in the number of elements that are
10 included on a single chip. This has involved making the
individual elements smaller and packing them closer to
increase the density. With the increase in packing
density, there has grown the need for isolation barriers
between elements., Typically these'isolation_barriers
15 take the form of guard rings or chanstops, which are
regions of relatively high doping, to reduce leakage
between neighbouring elements, as might be caused by -
spurious inversion of the regions between active elements,

Such inversions are apt to occur because 0of the voltages *
20 on the conductive runners overlying the chip used for
applying operating voltages to the active elements., *

These chanstops advantageously are usually formed
underneath a field oxide, which is a relatively thick
oxide used to overlie the chip at passive regions between
25 the active elements.
, In complementary integrated circuits, there will
be instances where contiguous transistors in the chip are
28 of the same conductivity type in which case a single



On consi deratlon ,which is pervasive i'n the manufacture of integrated
circuit. devices, ‘particularly in high densities, is a fabrication processs \
which results in |ow cost. Typically this 10 requires a process whi ch
permts high yields, which end in turn is best served by a process whic
includes few critical steps, particul arI y=-raski ng steps requiring accurate

ROt msi ng. SEnStEB ST GleraTEBk: SR RISt fsORBF Al egfeal @

proxided, wher e “hese rcéﬂﬁgélp\‘@lfé'a%ﬂéﬁﬁ% Are off oppeside ¢apduckivity tyoentst ops,

sel f-aligned ungmick kasé Iaehﬂar@ebpla:f ei&lﬁtﬁﬁ@ﬁgaﬁstﬂﬂj msifﬁmanfoedoﬂamﬁ and

11 r onces. | n J5g1ERIAMT oRoF eaVitd apRe ot iV alanEadkeus Fhal B on

at the grow hg qn)andeifscmpdenentlamrdhanet@@ be baclcdiorbadk amk 1dtopi1ﬂgbé evel s of
the differently c'oﬁPérﬁEB@% rﬁﬂ‘e‘i‘”ﬁo %ﬂ@h 2| g¥+&%u¥~é“’asd§%ﬁdcﬂ99t

i ndi vi dual tubs ustra e 1 nventl o there S
first formed in each Oﬂm%Sbﬂﬂ'taltﬁw (‘)‘hi%h §FIPQ!‘(Y§5M ip the manwdacture ohir of

cgrtl guors R t%ﬁﬁt@g’i‘ét@dtc%imﬂwb&vi%bs? &Oﬁmﬂaﬁly{jfiﬁclﬁgﬂfd?shﬁ%ﬁ eida2i3 o
redative i | Vi esi gned to_acc ate the
p- channel yenhgnc{@ﬁ%{rﬁa& ¥??a§ﬁs‘ﬁ§itc5 gé)sgﬁgs t‘ﬂeﬁb’ Fﬁb ﬂxpicg?fy %ed to
accormmodat e10 he requirasna|procdssneiiohnpermitie Wighryiedds, which eadnil ¢uemtiary
pair of such traggsi ﬁg?&éd b?@rﬁgg&fsrs Cwiich {MI0BES (Fag dHikfédese @sde | sl ands

whi ch define where ransi stor regions are to rmed in
the tubs. AdvamBsbicylarly E‘?ﬁ!‘iﬂésﬁf@Psvﬁﬁq&!ﬁrﬁ@ é@%‘ﬁaﬁ% registratione i siands is

ggso rral3 ntai ned over wige _m@'ﬂédén?ﬁdv&ﬁﬁog ya%ef:mgiearﬁyt ithe %ﬂﬁfvgeéf al | ht hled
- expose I ea. e r.esi re | S S _acC nmas a sni e
From this | mor asiagieRasing 168, BiyoRR Sose, nornd (1§ ridili e, Roree Sal e, e
formed. Thelbongrovidedniwsere desfeed;xpingld chagstops of edabér typyme twinm wi I |
eventual l'y for%ﬁ?ﬁﬁeﬁaye@1ﬁm¢§ﬁ&05n&m ﬁ? fleld oxide. 1T dbfSydsCof She! S

renmoved fromthe ew resi st layer i's torned over the p-type

tub such that ordmplanted denera8d ascepter ﬁoewéetwbswgﬂéhb' Fhe samecafgyuse
covered by the ﬁstmadéeéﬂmdemoﬁhadme:aerneeexmosegirega'tﬁoa tharabterdikics of

addi ti onaJ ”BS““tHQ Jy%gﬁéghdoghceptor fons at the growing oxide/silicon interface
20 to control the doping levels of the d1fferent1y implanted regions
and provide the desired doping in individual tubs.

In an illustrative embodiment of the invention there 1s first
formed in each ch1p portion of a silicon wafer at least one pair of
coﬁtiguous n-type and p-type tubs at a common surface of a layer of

25 relative1y high resistivity. The n-type tub is designed to
‘accommodate the p-channel enhancement mode transistors and the

p_-type tub is designed to accommodate the n-channel enhancement mode

. transistor of a complementary pair of such transistors. Then there
are formed the nitride/oxide islands which define where the active
& 30 - transistor regions are to be formed in the tubs. Advantageously the

resist which_ is used to define the islands is also maintained over
the islands and a p-type implant is done over all the
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n- g.inplant is performed. The inplanted ions enter only t he unprot ect ed
reqions of the n-type tubs and these will eventually formthe n-type ° .
chanstop there. Then the resist is renpwyed fromthe surface of the S-Lypeh
tub and the wafer is selectively oxidized in the regions not covered by the
ni tride/ oxi d@XRosed Area. |Tthe resdstrcqvered; islands aclongi @ mask andeshieddi npi ants

are adj ust ]'cedfmpltbw iiapﬁdntﬁt%n ;[Xllhe t?lvdréd‘ af‘éﬁssr@éﬂegQ?ér] %ﬁﬁ%\ib_‘tgi;i‘?ggi ‘(’)V"nlS' "
h b th he. ne Q calized thi | i
p?;/;peegﬂangf'g‘é’g g&“ﬁﬁé J&'Si jong ?@iaaﬁé?gp ﬁﬁe%‘!_"tsfﬂe"%qﬁeg% of- #35he hat
chanst ops at pthysedtud wath reaghmﬂ'lbfforma:he-DWQettmstqrsd.the‘Men chan.stopsf _
bet pnt i guou : N < ' ) - i bl.e.technique for
achi eving thi o decieds dScifF 3L ferPucd ¥oh e 13TARGE TR £ v FERIRH L

suf fi ci ent|y'3egnis formed {ONET Hheeprtype i tpi sHeh Hirte onhirthe nsurfiacesr of ons
over corrpensgtne hhﬁyﬁtceelﬁ_tr‘él’gi o@ao%mwfdgncéwed r_ng[tﬁé‘Sni:&Ph{d)'?ﬁgdéS ﬁeen
exposed to 5  Thi u ave, t he di sgdvant age -
Junction for %‘ghgét%e%’(ﬂ%s&?mggz gﬁs%gn;_ye_ﬁg&R%B"%gﬁsgeq%ﬁ??'@\;_éﬁ’%e
breakdown vatha, is reguired tibithe nermabesequendei ng&niaski_mg)rstempl uaqqt,lhams. In
our prefqyre i ieb rived .chﬂ&e@m% . - t her
phosphorlgfs aﬂ.dﬁg?g@r?:‘rgﬂ%gst éelqﬁgonors -and. sen?:s_ ggggeﬁtggomgtﬁ{ee! r known
di fferent seyfiREgLeqted praioes tafesharn-tyns kuksoandithese widki exenguadiyng K
i nterface tofgrel the tnheymlimmgl ﬂigr_ef OlThfirinttheI fésﬁ@ftisf%lﬁfveflgg‘ogp?ﬁ ES
| ocal oxi dat | eR, .ooropn tends- -4 segregate in,;
oxi de rat herél{q‘ﬁgﬁé .a{’?cﬁ%ﬂpéﬁ %g%i atna_eu?l Y'?%etf_rl,?s_ vﬁ?@?@%ﬁ'egﬁ&‘ﬂﬂbﬁ'}si’hnd
ar seni c t endtheoregivsspnatughvereddbyadbemiltaide/oxidehdskardscorl fr al(hj&dbséﬁan
enter t r £nd bel€ st b is oyl '
concent lrlgt igoénwofE ﬂ%@ggﬁo& ﬁge ?rwBaﬁl\SHg%?%s_t Pﬁé faﬁlg&ssfl'é{ai g%pnﬂop%f%ﬁj acﬁtay%ent ‘'t he
oxi de. The ARSUAT WOis mdakiansten therenitl r'?é!ﬁé’&_et‘ofw heneatthethe o ensure
that regi onsnewiii firmad € ocal f£dv ehink 6)hﬂe[1rl‘é§ﬂ?gs @Q%% %gsnst'% Y Gt Ef‘e of the
requi site hi . [ j C ntly - reduced. repver,
two donors n%%g?%i‘ng-r&ggﬁﬁegg 'llh% Sof}%gq&%s, r_}/type crhans?tops_ at e_t%s?red
regions of the n-type tubs, and twin chanstops between contiguous
20 p-type and n-type tubs. B _ -
' One possible technique for achieving this desired result would
be to make the_ donor implant dose sufficiently higher than the '
acceptor implant dose that the donor ions overcompensate the
acceptor ions in the n-type regions which have been exp'ose_d to both.
25 This wou'ld have the disadvantage that the p-n junction formed
between the two chanstops tends to have a Tow reverse break down
value, a factor which may be limiting for some applications.
~ In our pre_fe_rred embodiment, boron is chosen as the accentor
and either phosphorus and arsenic as the donors and use is made of
30 “their known d'iffer_ent' segregation properties at a silicon/silicon
oxide growing interface to relax the compensation problem. In

particular, during the local oxidation step, boron tends

ths'_requi red to the nornal seq'uence of maski ng steps.. Next, an 10
&v:u
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hi gher dlffu5|on rate of phosphorus usually makes it preferred since
permts the use of | ower i npl ant energies for "a desired depth of chan
After-formati on of the 'chanstop regions, the p- 15 channel transi storS<ard
formed in the n-type.tubs and the n-channel transistors are fornmed in the
p-type tubs in any suitable fashion. Adv ntageously, this involves
acceptor ion inplantation of l|ocalized reglons of the n-type tubs using the
gateé. el’ectrode to segmegatieo ifrorthet igrovingcoxide zagharrthannacenmahatingype

NCSgLranS|stor r o] [ [ otot he
p-type tubs us?inlgnﬁhe id(ﬂ?ectrI%ewsaz’)hwgﬁxgllgfmB Sﬁhr énﬁtgeféfg ﬁﬁggiglral n

a
regi ons of the ?FQQKRQQM§§W BQCHHmA. @&PtéPn&PFvéF 1SPHeFa BeFs
{ransi Stors careibgerStHegRuiviny ol qwpanal @ rebulegi enereAtscaodi ment of

the invention w now e descr,l b mﬁt refer tqQ.t n
drawi ngs in h Vinpr copgeiity gh8§ %nggssegflgggggignP§0¥%€?t i on
of a silicon waéf&icnn\maginn;aﬂjnyantoﬁh& poxddess FTbeorupnyttioft he
i nvention. In f
%ﬁ% %rb rx{]f's(') 2 § ﬂmqal %ewefa %3 8k imﬁlhh%@& v8f 8hsiPe

correspondi ng t con chip in which 3 gre W f or med

b
cenpl enent ar y- t ¥k Regkons 3wirGh @reyice se&?"p&?t the EP§ Fg?ﬁ%ggBﬁr e
i ntegrated Circydve | £hed | difl &1 te High Gfonm-rrﬂb@mgt asycbnaaquently.

Typically after_t ocessing is c t a e i v dinto a
ntber of dH?psr?{h é) 3&5&5&' 0%4i%kS two ﬁgnW?Lkée?E gﬁggéehﬁgnbers are
usual Iy used trhiguﬁmnniiﬂusfoqymaiy of Phosphorns ysnelpyr makesr &§i ons in

di fferent stagﬁlf o ¥ ¥ r&wm lu%ena& tgwagalimpaaguse of the
much smaller v I'ca nen5|ons t%QS i nvol v d. There is first

Di C
prepared in t heeReY§Eemh L0F & Qﬁﬁﬂﬁy %Bair of contiguous
p-type and n-type After formation of the chanstop regions, the p-

15 ‘channel transistors are formed in the n-type tubs and the
n-channel transistors are formed in the p~type tubs in any
suitablé_fashion._ Advantogeously, this involves acceptor
ion,imblantation of localized regions of the n-type tubs

) nsing.the gate electrode as a mask ‘to form the sonrce/

20 drain regions of ths p-type MOS transistors and donor ion
implantations of localized regions of the p-type tubs
using the gate electrode as a mask to form the source/
drain regions of the n-type MOS transistors.

Alternatively other forms of transistors can be

25  formed in the separate tub regions. '

, An emhodiment of the invention will now be
_described with reference to the aecompanying drawings
_ _in which:i- _ '

| FIGS, 1 through 10 show cross=-sections of a

30-:portion of a silicon wafer at various stages of a process
according to the invention.

" In FIG. 1 there is shown a portion of a silicon
wafer 10 corresponding to a portion of a silicon chip
in which there will be formed complementary transistors,

35 for example, as part of a very Iarge scale integrated
circuit involving a number of complementary transistors.
Typically after the processing is complete each wafer is

38 divided into a number of chips for individual packaging.




to'formthe preferred twn-tub structure in which will be formed the .
yRl\erentary transistors. 10 To this end, the silicon bul k region
dhi ch is n-type and of relatively Iom/re5|st|V|ty, first has grown r
ereon a lightly doped epitaxial n-type layer 12. The use of relatively
lightly doped epitaxial |ayer on = rélatively heavi | y doped substrate of

the same reSiakbv&Eye}énbxpﬁuhsetaoaﬂetesﬁap deseaOtsf&ugmb@@atmet
parasitic SCR-type | atchu

en a.,relativ thin |
P bical 1y 358 EHSSE: She AeBPIRCSROGPORPABF Ay S T98HE%s mh B TSt thn on tag
surface of tlstagpist afi procegeingandThecdraving isrnet totseaker 20 silicon

nitride laye%e%ﬁps%peiothgahﬁkx ;3991é99§859552£h?gﬁﬁn9{§ﬁ§rﬂ;$fb4&ﬁ | ow

pressure chemca rocess use of the
|nterned|5teiawpd§eﬂayer serves as a buffer layer and nakes the silicon

surface |ess VulnerabherboihlQhrhenpﬁéﬁayéa 2R thepsildesh ﬁ@féhomn in FIG
2, the silicon nitride/sil

att rned | n
~fashion to r@ﬁﬁ$é°PtbPF8§1Fﬁ8"F gFoﬁ§1I5°?n°ﬂﬂ%Eﬁu?ﬂ§ Y@% %H% é#%?to |
be forned andublseteattoem the pméﬁerredB@wenpbubdstnuahurcpinHWhi¢hwwxﬁ1

donor 1 ons,  BCBtaRly 1HUOSBARINRentIRs. koRTasS0AYE. DY the negative sion,

penetrate the si'li’con essent regl-on where_-the | ayer 13, 14
has been R@noved. Th&od&hds GﬁgagéhanﬂiiHﬁPanPH%Foﬁeéﬁ%Pg&lah%b%%%s%ﬁ

prgVIdif af t gL tiype aﬁaCBrvabuam1VEM9 weﬁlredisbavaeyerrsfsﬁSha@ gh@wm type .
t ubs ter t

and then as §ﬂ8$ |nplaﬂéghggg 98P§F|98F§a§g?ﬁl 9¥3§e£ai€$o |IT% oo

di oxi de, abouse40@Orédgttivedy ligh6lyt doped epithslnhllgygrrnm selectlvely
over the f69&%&aléveigen@ﬁ%egna}?uadsgbgmt&hsrre | Bhigg Posiseivityri de

| ayer 14 remal NS €sse ecte hi's oxidation stef because of
the maski 3§ &vpecisoknowa ﬁPtPF88198y8F°te°t1°n against parasiti

SCR-type latchup in CMOS devices.

_ Then a relatively thin, typically 350 Angstroms,
silicon dioxide layer 13 is thermally grown on the surface
.of the epitaxial layer; and over ‘it is formed a thicker

20 silicon nitride layer 14, approx1mate1y 1200 Angstroms
thick preferably by a low pressure chemical vapour
deposition process., As is ‘known, the use of the _
intermediate oxide layer serves. as a buffer Iayer'and makes
the silicoh'scrface less vulnerable to high teﬁperature

25 steps. ' ' '

Next as shown in FIG. 2, the silicon
n1tr1de/31licon oxide layer 13, 14 is patterned in known

fashion to remove it from the regions 15 in which the n- Y
type tubs are to be formed and thereafter the wafer is
30 exposed to an 1mp1antat1on of donor ions, preferably -

phosphorus. The ions, shown by the negative sign,
penetrate the silicon essentially only in region 15 where
the layer 13,14 has been removed. The donor dosage and
implantation energy are chosen to prov1de, after ion
35activation, the desired characteristics to the n-type tubs.,
After this 1mp1antat10n, the wafer is cleaned in
the usual fashion, and then as shown in FIG. 3 a relatively
33thick layer 16 of eil1con diox1de, about 4000 Angstroms



5 14. It is to be noted, as seen in FIG 3, that this process | eaves a
smal | | edge 18 in the S|I|con at the edge of the donor inplanted region.
Next, the remainder of the silicon nitride | ayer 14 is selectively reno
10 hy a suitable etch (typically aqueous H 3P04) which does not
significantly affect the silicon dioxigg | ayers 13 and 16. Then as
illustrated in FIG 4, the wafer i s ™onbaided w th acceptor ions,
adVahtageously 1300 (13:4N mutﬁhemmamm@rgrowufBedeemﬁvbmypenerrahe regﬂohy15he

conperatively lg,d ?‘6& andcitelhg@éfel 1§r?ln%“tth'e” Pﬁhﬂg ﬁih@&ﬂ%iﬂ-fdﬁhe

t hi ck oxi de | ayer | ante n reglon
acceptor ions, AR M Tamadng Qﬁ§enﬁéaé1&bﬁ@éﬁfpaﬁpéandébH&tQxléaEbWWert

after ion actlvsa\sép)rbeddiﬁsereﬁl Ghel haskiRg! ¥PTewit! Brt BRedARtRYadCBAYEH T OT
form ng 20 the p-type tub. After renoving the oxide layers 13 and 16 by

sui tabl e et chi ‘and after annealing to drive in and activate the inplanted
i ons by noving them to Jtatits d® besnbiteds, asheeenr ¢auFI&.a3pothadtntiiisa

il éﬁu{é&b&: f@ f%”@ﬁai'l“ﬁgﬁgbaiﬁr 12 +h8 %‘if@oﬁ”&f% ged

conti guous p-t ion at | edge

unc
18% While the tefdge s %dﬁmip@ﬂéﬂﬁsﬂl ﬁggﬁenequﬁﬁxﬂepthe rempindger 12
this is not neQﬂsslﬁfé’ 312 1lc¥0 "t raaeh lhﬁedeiﬂ QBOHGheéﬁlh@Pﬁerélb@vg’@

t t to.b t h b |

| nEtances, (10 mRY e RMARIE, Seh 4 RIcald T HepRPoHgF Ry d WALE HaFF g
step specifi calriot tsd givifieantlynafferitydhe sli@icopl dhorilde ohsyersicE3i t nmay
be possible to ggpan, ft enl %'ss 1%5u@'£k§%& H”F&Be ea&hﬁgwéiénps dée hat wll

occur inlater steps of rocess ere 1s fined in
each tub 38 thdomharded é'élté‘n ageepdort §°PPan§F§PEF'§EaPES!3 bereny fehth

-7- I'n commer ciagi eﬁ@ﬁgye%ui&ﬁﬁﬂenQO&Bﬁbbhethbeb?ead1ly the comparatively
15 thin oxide layer 13 but 1nsufficient to penetrate the
- thick oxide layer 16, and there is implanted select1ve1y
1n region 17 acceptor ions, shown as plus signs, to a
concentration adequate to convert, after ion activation,
‘the region 17 to p-type with the doping desired for forming
20 the p-type tub. _

Af ter remov1ng the oxide layers 13 and 16 by
suitable etching and after annealing to drive in and
activate the implanted ions by moving them to lattice

"positions, there results a portion of a wafer as shown
25 1in FIG. 5 comprising a layer 12 in which are formed

_ contiguous p-type tub 19 and n-type tub 20, forming a
p-n junction at ledge 18. While the two tubs are shown
‘penetrating to equal depths into layer 12, this is not
necessary so long as each is deep enough to house the

30 transistors to be incorporated therein.

It should be noted that in some instances it may
he_unnecessafy to have used at thie state an annealing
step specifically to drive in and activate the implanted
ions_since'it may be possible to depend, for this

35 purpose, on the heating steps that w111 occur in later
steps of the process. |
_ As the next step, ‘there is defined in each tub
38 the active region where its transistors are to be formed.



kyral number of transistors of the'one appropriate type-in each tub. Since
yusual circuit includes nore n-type transistors than p-type transistors,
.ip-iype 5 tubs which house the n-type transistors will normally be
arger to accommodate nore transistors. However, for sinplifying the
exposition, two transistors only™ aré b®i ng shomn In each tub.- To this end,
there is forned again ouﬁﬁercﬂabnaevfcssl;fmer@ ﬁ@ﬁ@ﬂb ¥y wiBlaje taypical ly - o
10 includin e d | ayer about 100 Angstrons  -°
t hi ck contlglg é?téﬂﬁhé¥ a3§#§§8 n IS HRPEIRT 1Ak é&RQde | ayes
about 1200 Angs§¢bntubh|cﬁiHQQanﬂtu%ma& ?mtﬁ@@tlt@pluﬂesmuntsed to form
phOtOfeS'Stnﬂ‘éyﬁée@réhsiﬁﬁarg'tﬁtﬂ%-’st#‘ OPr&s {9td54 anﬁffef}gﬁ@ gach tub
er

region, which . wl| essential 5% egl ons of the t which its
transi stDrstWPP| WBichohopge Bhe SRTEVPe ctEARs LR Lo gkl Ao y i s used
in known fapéi bargerf oo natbemnedatesnotre trdnsistore, | Aowelrerl? F9re Shown

still cover rot ctlve oating 23 used to mask
t he |slandsggﬂ$i%Py%ﬁg ?Eg ?ﬁsééf%ﬁg%tc é@ﬁ t?ﬁﬁlbonbarded
wi t h boron benagtehbwplanteeehetmbvel?0thhimn@m&erthbnnnf&uﬂnrueﬁ¢3ns as

i ndi cated by abﬁ Wéfttﬂé ehiiPe lﬂi-fa@éi"@ éy@rhe

y
I npl ant,_ typrca usi ng-- 100 t housand ectron vo t” enerdi es aﬁg a dose

of [err]1(’l'héﬂcﬂﬂ@¥%o?of’é%m‘!n£8 g5 | L 1N j axidRilaXer akamdd I a new
phot or esi st Ahgyefoms pmélerdmdtignmefo sthecdiVidon adlipfaddi@am-t ype tubs. *

and usi ng. pREt ST HRRPLH R AE A SOk B o aape porton

covering ththhckypecombenticnahlnrqnenﬂﬁng 1§x$hﬁn1¢&£dntkaﬁﬁnnhe | edge 18

in the sil 'fegtmgbs@ié@eéw&'nm&& ma;] .f) 5&51 arldi P-type
otore5|st ayer co

and n-type seen |In vers only

the surfhzelBfedeh b ypREien, 1‘9‘4%Iﬂ%§§?@?%%§¥2@%%| ated with
38 this tubregfon® ¢prthentudiim-wiypentits £¥andistdds will be

formed. Anisotropic dry etching advantageously is used
in known fashion to i’orm the islands. In FIG. 6, the
"islands 22 are shown still covered with the photoresist
20 protective coating 23 used to mask the islands during
the reactive ion etching. The wafer is then bombarded
with boron ions to implant selectively the uncovered

&

surface regions as indicated by the positive s1gns.'
This advantageously is a high energy implant, typically
25 wusing 100 thousand electron volt energies and a dose
of 5x1012/cm . '
Then the photoresist 23 covering the islands is

removed and a new photoresist layef is patterned to cover -
selectively all of the p-type tubs. This is best done
30 by forming a photoresist layer over the entire wafer .

and using photolithographic techniQues to remove
selectively'the portion covering the n-type tubs. In
this process, use can be made of the ledge 18 in the
~ silicon which eftectively marks the interface between
35 the p-type and n-type tubs. As seen in FIG. 7, the
photoresist layer 25 covers only the surface of the
p—type tub 19 including the islands 22A associated with
38 this tub, Some portions of n-type tub 20 will be



-8- covered by t.he islands 22B but other portions will be exposed. They
wafer is subjected to a relatively |l ow energy phosphorus ion inplant
(typically 30 thousand electron volt energies) at a dose of 5x[err] to&E "
i npl ant phosphorus i-ons in the exposed region of the n-type tub 20 and -
t hese are shown by negative signs. -.Thg reggions of tub 20 underlyi ng the

I.sl ands 22B are an f _su I ons. ., The toresist 25 1is
t%én_ i enoved &,‘?(YQE‘F?Q %Hf 3}‘ &égﬁgésv\?gﬁ g P PEReB %‘?Eﬂﬂ’b%r%@g“of t he

[ sLands 22A aibe 2xposeiden Thenwhherwafehehs eshbjlecatletbxtailmlrejaaﬁ:ﬁmmwere

f th | ect

e |0 anae o oW e piBsBho LS, FHAOSELENL  COR RUATRY o2 Ml i o
growi ng the 1%legitaens vels SRFHS’-QEQV\E‘énat%S?s‘P%miFSlO thg %he growth of
the field 9xndﬁmlaﬁmaphaegnbsubaieﬂsointbnefaﬁﬁoééuﬂrégmﬁﬁﬂuxtfhécn

arsenic) has a reat bor o e out: of the oW oxi de
regi on Zind tonag SBn ﬁythﬁﬁﬁr?‘ﬁ?n&%‘ﬁ‘ egative aSjr%‘gerl ﬁﬁ%n
regions as i nmgﬁ.bnsns:roftubuBOZﬁndbelyibgtbhé)oimnmd 2B e keptier e

| npl anted, - as sh"ﬂ%tﬁah%kﬂ&gﬁsﬁﬁegr ¥5sh t Gfis, ¢ Op gtﬁ&&ﬁb&con %’jnti%t to

rej ect the phosphorus g e under |ng S|
phosphor us cofdieR: rampyadqgan kF?ebUWF@IE ebeaped 2EL %448 whel ns t he bor on

eve? MTFH &bga?enremﬁadecamcenérﬁ§19ﬂ5s0ézbosﬂm gew phosph?ruslh?d beEn .
ihitially substantia eq opn it is ctical to make the
two inpl ants of substhﬁ?f‘a#ﬁ? Y’ﬁg aii@ %%%gﬁ‘i B P m found to be
advant ageous. almosphere fiy dhecseléctiwe soxivationiaX the tdxpased f or ned

h the regiangs9hcbi stirkyBs igh?ngogaegséﬁw i@ﬁ%ﬂ QO Neavily

phosphor us- dope pe c Ing the tield oxide
27, in the p-cppa¥eptgonsl iﬁ@?e %Pﬂl°%§d$bi%op¥?fée#\%a Q¥ gFRAEM&E IRl 35

p- type ChaﬂStthcE9Iiwhﬂrexihé bebwéehStié e STaMdguous, there is formed the

Ll b chanstOp with eaphel g the growti"sE T rf61d oddde RIS U0
is taken_of the fact that phosphorus (or arsenic) has a
greater tendency than boron to move out of the growing
oxide region and to accumulate in the underlying silicon,

20 As a result, in regions as in portions of tub 20 where
both boron and phosphorus were implanted, as the field
oxide grows it tends to retain the boron but to reject
the phosphorus. Consequently in the underlying silicon,
the phosphorus concentration quickly builds up dnd soon

25 overwhelms the boron even when the implanted '
concentrations of boron and phosphorus had been initially

- substantially equal. For this reason it is practical

to make the two implants of substantially the same
dosage, which hés been found to be advantageous. _

30 As a result, as shown in FIG. 8, there is formed
in the regions of the n-type tub 20 underlying the field

- oxide 27 heavily phOSphorue-doped n-type chanstops 28.

Similarly, underlying the field oxide 27, in the p-type
tub 19, there will be formed the heavily boron-doped

35 p~type chanstops 29. Where the two tubs are contiguous,
there is formed the twin chanstop with each individual
chanstop 28,29 in its appropriate tub. Each chanstop

38 accurately underlies the overlying 1’1e1d oxide.




ey at el y underlies the overlying field oxide. 9 Because of the

- f aorgatli on process utilized, there is possible a high degree of control of
pi/ngs of each of the various regions. This nmakes it possible to

rze the need for overconpensaliqp WMich inturn 5 nakes it feasible

to maintain relatively high the reverse breakdown vol t age between the

chanstops and ot her Q&ﬁ%ﬂﬁ?(ﬁ tthe dahricgtion arpcegsodtidiged, of the

_(I:_Eanst?)p goplzﬂgem nil 871 plosss A en sl thiégmmqgnagotfooa;mm @2Vithes dopings 2 |
e islands OW J e ose er. where t active e
devices are t0 bezazﬁ% réd{hovp?‘%[c:i\?o:ﬁcfe x{ﬁ% ruct E‘\ﬁr? \Qﬁ PO&s IiSl\ﬁhere t he

p-type tub 19t0 mednideize- t%m&ﬂhrﬂmmmmam@m,amc\hhanetuhey

under | e e ydi gk 14 b AP B malift i rbla viyo 1B pihh el NC! udes

n-type chanstops 28 at 1ts_ surfacge ere they un ick field
oxi de 27. |n TRELHSHiREAakdgwn valingedatmeete dhe Ghangtopss #ndeach

chanstop of a¢hdn W@mﬂm%w tfsamrlta&afchgolaat waertrb\lo tubs had a
narrowest di Slonéﬁﬁﬂ(ﬁ? 3ﬁ>t 5 m.Cr.or Slnﬁgi cha stops
located on i rfterit SHEP Soring minim ger?alprag\ﬁgg‘t (‘fl FORPLIRE#O5hout 3. 5
microns. |nadkdve tdgeicdesds, the active.region 16 = 3 had an excess ¢
phosphorlig) dopi ng of gyl r:JleﬁfdJ e‘{g ard ?,QF, R at q’E k?g gctive

a er er it B

region h an excess boron dopi f S0 0 per achof the
chanst ops wasthe makay d'ﬂ'eBTe aPl’lﬁ M‘?—‘Geéﬁ?"&ﬁ&sem 3o PecTORBEG op 16 had  *
an excess borg prenasid ritid @'tm‘cﬁhwtst{own ]in FIGS 9ewhewli ¢heeplityper e,

X0 i ons. o0 X TRINRASE A e, SHaRRYAPY s 8 458 GPTPGRessing 1o
reached, a where they underlie the thick field oxide 27, and the
15 n-type tub 20 includes n-type chanstops 28 at its
surface where they ‘underlie the thick field oxide 27.
In one typical application of the described
process, each chanstop of a twin chanstop located at the
interface between two tubs had a narrowest dimension
20 of about 5 microns, while the single chanstops located on
interior regions of a tub had a narrowest dimension of
about 3.5 microns. In the n-type tub, the active region
had an exceés phosphorus doping of 2x1016 per em3 and in
the p—type tub the active region had an excess boron
25 doping also of 2x10 16 per cm3. Each of the chanstops
was a fraction of a micron deep and each p-type chanstop
had an excess boron concentration of about 4x101 ions
per cubic centimetre, and each n—type chanstop had an
excess phosphorus eoncentration of about 1x1017 ions per
30 cubic centimetre._ o =

"After this stage of processing is reached, a
variety of techniques ‘are available for further
tabrication, and a particular choice would ‘be dictated
primarily by the end result sought. '

35 The process is expected to find principal
application to the situation where complementary
enhancement-mode MOS transiStors are to be formed in the

38 separate active regions, the n-channel enhancement-mode
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particul,ar choice would be dictated primarily by the end result soug

The 'process is expected to find principal application to the situati

wher e-conpl enent ary -enhancenent - node MOS transi stors are to be forned in
t he 38 separate active regions, the hannel enhancenent - node 10 -
type’in the p-type tubs and the dﬁa enhancenent - node type in the
n~ypé tubs. Hiypevén, the petypermmhauxnn therpﬁcﬂznnkmﬂenﬁdnedm@nwerm

dept-et i-on- typﬁohéaﬂ§g§t9ﬁsthg RLEyEe éﬁﬁél YRswever, in sQ§quH§

i nstances, it na ve _advant ageous fo form one or ar Juncflon
transi stor or }uHEY|Bﬂ fdeginehle cto f?%ﬂmﬁ%ﬂkﬁti9F1iﬁPQn*nﬁaﬁéﬁﬁprﬁhe t ubs.

One |IIustratﬁneohecbﬁlﬁuehfeﬁbéprn1ng 10 conpl enentary enhancenent node
MOS transi stors in the,tub

ins, b forn1n a thin gate Iayer over
the surface of each o l?ﬁeﬁéc % #'é%?me’?’n t&ay. Rppye. ar‘?g'f<
This is folloﬁedfbymfoneaoromoré bipolmt cj wictiiow dennsistan »z1t |s

advant ageous §nt$goh"187d%e s PedD i S Suf ldde Ba> Wloire0'de 3G 1 al Tor

the gate el ec e conduct or e t wo tran5|s or types and to
have the sane FHFeshoId voltage for the two types. This may reqU|re sone

extra treatment of thenéuiiBEStPitDre Gdchdiay ﬁémxd&uq%rhﬁnkhls fact or mas
For oxanpil. bR aBERYatE ] caRtndeth i ode bl Fratii ety 3, then hbey;
it may be necbeging bm fomming hanl thiim [gaten axipleadtaysir tolversu:hbasardrheehe
n-tubs to rraksfneaghpef | e/ Cad Divd KGR 1P R0 :Et::%na alagne!
transistors to be forned ere S I nstance e tub mould be
masked with atBR8t or Beigtisinfekl end by Seymaddon @f 848t o the n-tubs.
After any threreetfloaeéslsivanillynitiris ddvantageous to use the same
15 doped-polycrystalline silicon material for the gate
electrode conductor of each of the two transistor types
and to have the same threshold #oltage for the two types.
This may require some .extra treatment of the surface of
one of the two tubs if this factor was not adequately
20 provided for when the two tubs were formed initially.
For example, if n-doped polysilicon is to be used for
the gate conductor, it may be necessary to use a shallow
boron 1mp1ant at the surface of the n-tubs to make more
positive the threshold voltage of the p-channel
25 transistors to be formed there. In this instance the
p-type tubs would be masked with a photoresist while
boron ions were implanted into the n-tubs.
“After any threshold adjustment implant, the
photoresist mask used is removed and a polysilicon layer:
30 is deposited over the surface of the chip. The polysilicon
' layer is then patterned to define the gate electrodes
. which are localized appropriately in the active regions
and also to define any conductive runners to be used for
interconnection purposes. The thin oxide remaining on the
35 exposed regions where the sources and drains are to be
located may then be removed, but typically it is

-

preferred to do the source and drain implantations
38 through this oxide so that it can protect the



~Qresi st mask used is renoved and a pol ysilicon layer 30 is, dep05| ted
‘c\he surface of the chip. The polysilicon tayer is then patterned fo
N} t he gate el ectrodes which are localized appropriately in the active’
re~|0rs and also to define any conductive runners to be used for

I nt erconnecti on purposes. The thi n.oxiﬂe remai ni ng on the 35 exposed

regi ons where H}f source and, dr ai are to be |located may then be renoved, -
but typicall y e p§'gf‘ ‘feedﬁt'%" &\’%e source and drain.inplantations 38 ,be
t hrough this oxide sdrhémtthere:aﬁohrmtsaca hdron impllandowhdehf seeveisom Nt

damage. Then {hep&pd %ﬁ&%-@éﬁgri@wm ek 2l B! Ctnfeog,mcmﬁngﬁ ype:

source and drai n zones of annel transistors in
Ctypically is trepghtteryin tthegiting tahsye Itﬂjﬁmﬁ%}’t HiSs operati on

sihnceht he & Orﬁﬁhef@és‘ﬁﬁ‘ﬁdtd hife gk Cilie 'RASTeY m muaﬁ q;qbi%UWQaPhy b%/ a
phosphorus i ant a r e su S u tati.on to
formthe n-t D! %%%W%V%ﬁ%@e%% a%ﬁ'ﬁeﬁ’et P&Fs 10
~in the p- typesub&)esquembl:n-bx/paa phﬂ@hmmmﬂdpé&hﬂxaehirm. sﬂnlwelvmrl,ant ation.

This is readiy I ey oresi St

deposi ted |n|t| (ﬁog %%a&ﬁ{dﬁset waterﬂd}%\ft?,elr}%t et?rrl%s% té’%&r ovi ded,
the wafer is %9&)&%03‘! the, R-~chanpel fté'la#&tilsd‘ﬂr&f t he
desired spyir cen atlie Cki-at%é et:nlm,s ﬂie txhetype:fwmaelaﬁer Hapkedoagaihits .

[ | t at ' { t | trod
and anyr unnc e SBla Rt oL dsd APHRAAIN P ok o° SbalRbRaS BTy oo
next to prOV|mtmmng)rﬂ)tldm#mqﬂmmet@@wilt&%ﬂmver t he
surface of then a1 PNevdd Othd twakerd! CUBRE: HHIP a1 tr;& ghh out the

topography. This hedting also serves tg-activate t sou drain
i npl ants.  Thike JREAT aﬁ@‘?%‘%&? % Hl’r?esmqr"(?or’f-%lbﬁé@e Pﬁ'rough whi ch
source, 265 Ofeuetich oot ctlnd aldg il GYUIRY iands dainmaegionst b€ the

appropri ate rz‘f%?é‘&nlfrtmg% ! hern%pserﬁﬂ%ta%o%g%%»picauy also
_serves to dope the polysilicon gate electrodes and any
:runners to increase their conductivity.
It will generally be usual next to provide a
20 protective phosphorus-doped glass layer over the surface
of the wafer and flow it at elevated temperature to
smooth out the topography. This heating also serves to
activate the source and drain implants. Then openings
are formed to the silicon surface through which source,
25 drain and_gate'electrode connections are made to the '
appropriate regions for handling the operating voltages.
In FIG. 10, there is'shown.the basic structure
of a portion of a completed device made in the fashion
described.. It includes the portion of a silicon wafer
30 including thetbulk layer 11 on which-lies the epitaxial .
layer 12, which includes the p-type tub 19 and the n-type
tub 20, Within the p-type tub 19 are a pair of n-channel
enhancement-mode transistors formed by the n-type
source/drain ‘regions 31,32 with their electrodes 314,324
35 and the gate oxides 33 with their gate electrodes 33A.
Within the n-type tub 20 are a pair_of_p-ehannel_
enhancement-mode transistors formed by theip-type
38 source/drain regions 34,35, their electrodes 34A,35A; the



In FIG 10, there is*shown the basic structure of a portion of a conp
device npde in the fashion described. It includes the portion of a si
r 30 including the bulk layer 11 on which lies the epitaxial |ay

wat e

. which‘includes the p-type tub 19 and the n-type tub 20. Wthin the p- '}e
tub 19 are a pair of n-channel enhancenent-node transistors formed by the
t ype source/drain regions 31,32 wth t%ei r~ el ectrodes 31A 32A 35 and the
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. Chanstop. Separating the two n-type transistors
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t he
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technol ogy, the princi®lsioshd Bel i@y tiovab thalto thlehgpelgdehadopegeasst hat

ion. or exanpl e,

ovid f | . Of I . ' f he .f I, f
Coml ement ar i 1SRERe] o1 € AEREBR eT 20040 pyire 3, BBl R4nt

@,

15

20

25

30

35

38

of the invention but that variations may be made
consistent with the general principles of the invention.
For example, though it has proved advantageous to apply
the invention to twin-tub technology, the principles
should be applicable to other technologies that provide
surface regions of appropriate doping for the formation
of complementary transistors in such surface regions.



sur of a silicon wafer whose surface includes p-type and.n-type regions -
conpxX®i ng i.npl anting acceptor ions selectively in ! I ““EHFF&GQI ons * :
of the wafer where the chanstops are tq pg for rred”“ﬂ\ﬂ“‘“ﬁ *l?-'f-i ons
sel ectively into the n-type regions wheré the n-type chanstdps *aréto be
fornmed, the dosages of the inplanted dék8MMSand acceptor ions being ::

azbls.t a{l}1 iall yt the ﬁ.apni%ﬁaés%waﬁi féﬂ-mﬁﬁ?cwﬁhinehfh@nfﬂﬂsdbﬁ ra? aigm?pherg {j”
ile the portigns o Jwafer . in whi chanstops are to, be forne o
are eprseg s%"'ggcﬁ (9_fo§<is§i]§%°"t' Hé}%ruf’?%es‘l"éfé%ng"qﬂﬂg? péﬁ%ﬂ?sﬁ5$-§'5¥p§ to be
formed, the rregpens icompriadngdaplantiapaacaeptori Sons sebéctiiely ripl thet ed donor

and accepgor 4 RscdlrehiihsIbP ¥haSud¥h JiHert! {reOBndNtSS A7E fFBRIFGHIER, t Nal
under | yi ng tHe oxrde ere are formed in"the p-type surrace regl Ons

| ocal i zed 15 imppanting donensianssselestivelycinhoothe dhdyre degipnsxwhers thed in

the n-type SLH-ftgﬁ@ chRAsEUpS 4rRC b i e Horineldy PeheC BadkeaPSF WHE T fpl dtedonor i ons
are I n excess . A is the

rocess as clai,med in_clgiml.in which boron.

acceptor and ‘Bﬂ“f’ﬁe?“dgﬂ‘b%eﬁ%@? 3§"6rbegpge‘r'l'b§tq’%t??m¥ &bﬁ(’ﬁa.meQO‘"% heating 3. A
process as clthenwafdrniglani oxildieing latmosphere) whihl & the hpontionspef akthe wafleype &
regi ons e i f £ .D-1 - B t r i YErnaf
hi gher rggi stﬁv%lﬁ:h EF%Q%chatgég&a?gST%PEH%%an%?ng%F 2 %r g’(‘:‘ieﬂl%gthgl aim
wherei n the surfpee yegionst yhereschansters ape divsbeforped,ithgurrspeetive2s form °
2 p-n Juncti qiﬁgaeghﬁgbﬁr@»arsdazmsaﬁ ‘thé-ﬁﬁ@&ﬁ@dbﬁ&?&?dia&eﬂﬂa? ﬂiﬁ!sde-_ 5.

rocess as ¢ med ip clajpr . e process of form ng contiguous
suEf ace regi d’r?s%? %Bﬁi}bq'f’é"[?t{ﬁﬂffpf'vh%ﬁr{’Weg?W U that r?i"ﬂﬁfg'é’ﬁn% °
substrate of thel exidecktlyéreoare formed ¥nttheap-tyPe swfacevriegionsajyeraldtedi gher
Cesi Stivi , i : L L de- 51 Lo
icride 15yertgyes an@s MR AkeBraoTHA® orE i GkERS FHA IR Be hifibe
from sel ect ecsuracregtans: hecadpzedinrtype ghanstopsywhare ithg dapasriansnare’
sel ectively ifi ex¢e@i.ons of the epitaxial layer where the conposite |ayer
has been renoved ' ' '

38.@13 - CLAIM5 1. A process for form ng conpl enentary—chammstops at the

' 2. A process as claimed in claim 1 in which boron is the
-acceptdr and either phosphorus. or arsenic is the donor.

20 3. A process as ¢laimed in claim 1 or claim 2 in which the
p-type and n-type regions are in the form of p-type and n-type tubs
formed in a layer of higher resistivity.

4, A procéss as claimed in any of the preceding claims
wherein the p-type and n-type surface regions are contiguous and

25 form a p~n junction and there is formed a twin chanstop underlying

the oxide. _
5. A process as claimed in ¢laim 4 in which the process of.
forming contiguous surface regions of opposite conductivity type _ g
includes forming on a substrate of relatively Tow resistivity an |
30 epitaxial layer of higher resistivity and like type, forming a _ 3

composite silicon oxide-silicon nitride layer over the epitaxial
layer and removing the composite 1ayer' from selected regions of the
epitaxial layer, implanting donor jons selectively into regions of
the epitaxial layer where the composite layer has been removed,

35 © heating the substrate in an oxidising atmosphere to form over the
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35 heat i ng the substrate In an oxidising at rmsphere to formover the

-14- - S inpl ant ed regi on an. ox eC| ably 98
t hircker’ than the oxi de |l ayer in the corrp05|te Iai u ﬂ@ﬂ@ﬂf he silicoq
nitride portion of the conposite |ayer, d inpl sOr ions

selectlvely I nto regions of the epltaX|aI dyer covered only by the

L grrr&{ ning 5 ] imtatﬂ:eﬂaxegto:pmht oniﬂeotaﬁeheamepmtyetﬂiayar thwﬂetmebyxttd@e(rj e
Sutts int X u | QNS {4 | e n

danor ; mpl ant a8 Torll BRL SuE] f NAbhA REIRE GASsT1aEln A PFE°BbEL1oRE"

whi ch the don®f medcamﬁteﬂayem anﬂrﬁmhﬁdng racsnetafpﬂomsateqtayety are of

phosphorus anqpd® re b&fsoaf ftﬂseﬁ%ki/ﬁ' Yay&* c&\lé?‘é@%ﬁ? 5}9

h
conpl enent ary ch S substantla I n descri b (}Wlth reference to
t he accorrpgnymb rn@grt on of) the %@pgg fte &ngw reby "there results in

the epttaxial layer contiguous regions rich in acceptor and donor
jmplanted ions respectively.
6. A process as claimed in claim 5 in which the donor and

g acceptor ions implanted in the epitaxial layer are of phosphorus and
10  boron, . respectively. ~
i - 7. A process for forming complementary chanstops.
substantially as herein described with reference to the accompanying
drawings. '
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