2152283 GATE PROTECTI ON ARRANGEMENT FOR A SEM CONDUCTOR ﬂgl:z
r The present invention relates generally to a sem - con zéb3ce
provided with a gate-protecting circuit. In many semi conductor integrated
circuits, . a gate- protecting circuit is provided in the vicinity of the
inp_ka portion, particularly in tkhelvicinity of an input pad (bonding
pad In order to protect the internal circuit elenments fromexcessively
| arge input signals fromexternal units. Fig. 1 of the acconpanying

drawi ngs shows an exa -Ie of a knomn integrated circuit in which a
gate-protecting 10 cPRH Sanass MERANGE, EQR rAsistor 2 and a
clanping diode 3 is |nserted o ' D 4 and internal circuit

5 having el enents that nust %\g&@"@dﬁﬁﬁl% gat e-prot ecting ci rcuig
the input resistor may be a diffused sem conductor |ayer (or region) that
Is 15 obtained by doping the main surface of a sem conductor substrate

Wi impurities. AH&rpaidetVinibReiORESEES! QenpY) PG BoPE! yEpYStalline

silicon layer that is fornmed on the nain surface“o m con
susbtrate. Fanduttdr tdevies OPPeN/ded Wiehi 80§aEboppoRebeSh! eirbﬂ 2.0
whi ch the main surface of a sem conductor substrate 6 is doped ﬁ

inpurities to formnimanyIsnmrbdﬂdmeﬂbseﬂhtegﬁﬂﬂdﬁteirbﬁﬂeé,SabQEﬂéen field
oxide filnms 7. In Fig. 2 an input pad 9 in the formof an alum nium | ayer

i s connect ePratestdehtigfcuite serprovnidedoin| therv8ciabtly of the input

5 portion, particularly in the vicinity of an input pad

(bonding pad), in order to protect the .internal circuit
elements from excessively large input signals from external
units. Fig. 1 of the aécompanying draﬁings shows an examéle
of a known integrated éirCuit in which a gate-protecting

10 circuit 1 consisting of an input resistor 2 énd a clamping
diode 3 is inserted betweep;an'input pad 4 and internal
circuitry 5 having elements that must be protected.

. In this gate-protecting circuit, the input resistor

may be a diffused semiconductor layer_(or region) that is

15 obtained by doping'the main surface of a semiconductor (o
substrate with impurities. Alternatively, the'input
:esistor may be a polycrystalline silicon layer that is
formed on the main surface of the semiconductor susbtraté.
Fig. 2 of the accompanying drawings shows a resistor in

20 which the main surface of a semiconductor substrate 6 is
doped with impurities to form a shallow diffused semi~-
conductor layer 8 between field oxide films 7. 1In Fig. 2
an input pad 9 in the form of an aluminium layer is

connected to one end of the semiconductor layer 8, and



=2- wiring 10 of the internal circuitry is connected to the other end of
the sem conductor |ayer 8. Fig. 3 of the acconpanying draw ngs shows a
resistor in which a poly- crystalline silicon |ayer 13 (which has a high
resistance 5 but a lowinpurity concentration) is fornmed by e.g em cal
vapour "deposition (CVD) on a field oxidge £ilm 12 of a sem condu o
substrate 11. As shown in Fig. 3, an input pad 14 is connected to one end
of the polycrystalline silicon layer 13, and wiring 15 for the internal
circuitry 10 (e.g. circuitry 5 fran Fig. 1) is connected to the other end
of the polycrysinaihgnk0sofithe imyerndB,cimeritry i s dantrieafed [ba Hhee. g.
seg N kkei Electronics”, January 31, 1983, p. 138, etc.). Wth the above
two construct i ohser hen@vef  theesamiconrdueter kaxeniScoki®d X IRf thee i nput

resistor and the input pad are laid out separately on the main surface of
the seni conduc®GFCBRRBY}RY cArBGLiRFH( SROWS £ ELHRERK P i @ poly=
gate-protecting circuit is_Lnereased, ng i difficult. to acconplish a
hi gh degree of CFREERILLNBNSIHHCOR ﬁ%w?gzﬁiv&hQﬁFQmﬁﬁ%uﬂaQﬁgqﬂﬁﬁ?%ﬁgé Sin

particular,_th esi stances of.1h ] rs

pp{ﬁcrgspal$ingng?ii8ﬁ +3§5$13§.§%§€ %%%g#%%ﬁégéa%ylgg%?ﬁ?é?ék t echni que
wi t hout increa . o} ' i ) 4 rqterse 5f tohe
sem conduct or ?ggg?‘&g%dééﬁgaﬁp ?/é?%%%gﬁl ﬁcg\il%ykgrf fgl gfbflellda;be)fiﬁ frlé?{elilr?a
predeterm ned LeshStan¢€on8li€tbr substrate 11. As shown in Fig. 3, an

U input.pad 14 is connected to one end of the polycrystalline
silicon layer 13, and wiring 15 for the internal circuitry
10 (e.g. circuitry5 fram Fig..l) is connected to the other
end of the polycryétalline silicon layer 13, over an
insulating film 16 (é.g. see "Nikkei Electronics”,
January 31, 1983, p. 138, etc.).
With the above two cqnstructions, héwever, the
15 inventor has discovered that the input resistor and the
input pad are_laid out separatély on the main surface of
the semiconductor substrate, so that the area occupied by
Nt the gate-protecting circuit is incréased; making it
difficult to accomplish a high degree of integration. In
20 devices which opérate at high speed, in particular, the
resistances of the semiconductor layer 8 and polycrystalline
‘silicon layer 13 have been reduced by a silicide technique
without increasihg the steps of fabriéation. Therefore,
in order for the semicoﬂductor layer and the polycrystalline
25 siiicon layer ﬁo retain a predetermined resistance, their

areas must be increased, which makes it difficult to

fabricate a device in a highly integrated form.



areas nust be increased, which makes it difficult to fabricate a device in
a highly integrated form 3 To overcome the problem the present

i nvent | proposes, in a first aspect, a seniconductor device having a
gaIe-pbggkcling circuit between an input pad and internal circuit elenepts
I ncludim@ MOS transistors, conprising: 5 3 a diffused sem conduct or
wel | region of a second conductivity type within a seniconductor substrate
of a first conducti viToy ovegeomehthdi praobddmsettheopdesént weientéghon acting
as an input resistor of the gate grotectlng circuit; 10 two silicide
films at space@réﬁﬁﬁﬁspoéptﬁoﬁéré PﬁEeGFffEséﬁmééﬂﬁébﬁﬁeﬁtéﬁvmeelh#@gn@n

d h | d the oth :
Coupl i ng-the wa P"a%%é%' RUBgtiRe RRESEFERPEVERE Bh LRESFrPBANARACiRERFIAL™
element; 15 circudt! ledefleftkdenth bl RYChoSNEMELL S LEEL ONe Rl LURL T

5|I|C|de films covering e 'source an rarn-regions o

transistors This malaealaeageal 8emib8HEGELER wﬁlihf &P«Bﬁ" ofrsasgégag
devi ce and hence permts the device to have a highly 20 integrate orm In

a second aspectonldacieiet typEewithinpaoyedeSonaubtbpUs@bstARELCEI Y @
sem conduct or device having a gate
first conductivity type, the diffused semiconductor well
region acting as ah input resistor of the gate protecting
circuit; R
- \w/
10 two silicide films at spaced-apart positions on the
diffused semiconductor well region, one silicide film
coupling the input pad to the well region and the other
coupling the well region to the MOS transistors of the
internal circuit element;
15 , a field oxide film over the well region; and
. _
further silicide films covering the source and drain
regions of the MOS transistors.

This makes possible a reduction in the total area of

ey

the device and hence permits the device to have a highly ;;)

20 integrated form.
In a second aspect the present invention provides

a method 6f fabricating a semiconductor device having a gate

protecting circuit énd internal circuit elements including

MOS transistors, the method comprising:
25 forming a diffused semiconductor well region of a

second conduct1v1ty type w1th1n a semlconductor substrate

of a flrst conduct1v1ty type:;



Brotecting circuit and internal circuit elenents including MOS transistors,

the nmethod conpri‘sing: 25 formng a diffused sem conduct or wel
Jegion of a second conductivity type within a sem conductor subst ,“of a
first conductivity type; 3a formng two silicide filns at spaced~apart

| ocati ons on the di ffused sem conductor wel aregion; formng a fielq”dkide
filmover the well region; and formng further silicide filns covering the

source 5 and drai nghegiResedb 41 MEB tF ARy %ﬁ)r-‘ 'ackﬁeﬁg,g%étt 9ok Qe ToRs

device in which the diffused sem- conductor we egi on S as an 1 nput
resistor of thengehe fiPieséd NgertiddnbdctainNaredfl HeQishl;i cide fil ns couples
thésﬁnput pad to the well region, and the other silicide film 10 coupling
the well region to tferMifyta anielsd asidd fiillm iovieer thle @elduiriegidn; and
embodi ment of the present invention will now be described, by way of
exanple, with refer eﬁ‘é@“%‘éﬂtﬁérfét%rﬁllﬁalegfldegﬁrihsl \meghpEme

Fig. 1is diagram of a gate-protecting circuit an as al ready been
degcribed;gFigigéZg%ﬁﬂnSré%¥P A (ﬁﬂ?1ﬁa§bﬁgﬁ“€&ﬁﬁeﬁﬁﬁonal resi stor

constructions and hat‘:’k?e@ét;f alga/ Poerenp adedse(%rriicbeeq.;n 'vzv.&'lg.'chd't.h% %i%lf%ge\éi %Vevm?.f-

maj or portions of a Seni- ‘

- conductor well region acts as an input resistor of the gate
protecting circuit, one of the silicide films couples the
input pad to the well region, and the other silicide film

10 coupling the well region to the MOS transistors of the
internal circuit.

An embodiment of the present invention will now be
described, by way of example, with reference to the accom-
panying drawings, in which:

15 Fig. 1 is a diagram ef a gate-protecting circuit and
has already been described;

Figs. 2 and 3 are sections through conventional
resistor constructions and have already been described;

\/ Fig. 4 is a plan view of major portions of a semi-

20 conductor device helpful in understanding the present
invention; . |
Fig. 5 is a section taken along line X-X through
Fig. 4; and
' Figs. 6(A) to 6(F) are sections showing the manu-

25 facturing steps thereof.

Fig. 7 is a sectional view of an embodiment of the

present invention.



20 conductor device hel pful in understanding the present invention; Fig. 5
is a section taken along line X-X through Fig. 4; and Figs. 6(A) to 6(F)
are sections show ng the manu- 25 facturing steps thereof. Fig. 7 is a

- sectiongfgyi ew of an enbodi ment of the presepf invention. 3b As shown in
Figs. 4.¥‘w 5, a diffused sem conduct or layer 21 consisting of p-type °

impurities such as boIOHARS i FiYdd idhe®, 0kl eagrabaneskRidonatbtep of
t he surface 4 of an n-type silicon substrat'e 20 whi ch contai ns

i npurities suchaiferdPIsPusistimnof Praypeniimputitties saypbr albbsohetomen
0.5 to 10 pmdeep and has a sheet resistivity of 1 to 50 [err].

Semi conduct or rieyiforr@LA iins @ falvleny ishapss dpararerpdon of &beasygrﬁype we,J;J;‘
in which an NMOS transistor Qof a CMOS circuit will be forned, as

described later and has a simlar depth and sheet resistivity to the |layer
21. An oxide filmwhich is between 0.5 to 2.0 umthick,




10 and which acts as a field oxide film22, is forned on top of the

sem conductor, | ayer 21, and a pair of contact portions 23, 24 are fornmed in
the oxide film22 at each end of the sem conductor |ayer 21. A p-type,

sen conductor layer 25 or an n-type sem conductor |ayer 26 that aCtégE%‘ as
a channel stopper can be formed, if desigred, under the oxide film 22 ~and
p-type high-concentrati on sem conductor |ayers [err] 27, 28 having a depth
of 0.35 pmare fornmed under the contact portions 23, 24. The sem -
conductor layer (5 x 10 /cm) 25 having a depth of.1 pm20 forned over the
sem conductor bfiysn attypedshdicay suhsyhatei APuvhighcoomeainsti on than
regi@n 21) also serves as a part of the input resistor so that the input

resi stance i s &mpBELEEPySHEh ABIPRYSPhereRgi dpRs21 Bhe Semicendpeted be

noted that the_layerg. 25 apd 26 ar ptiopal, byt can 25 be useful in
obt ai ni ng opti A ﬁei#oﬁﬁaEEEVeeﬁnssgcﬁ°fEsnPQQS?ﬁBIa%QtQa%saeﬁPeEt

Ctnerein ai ther BBRERRPZEYUE 1 Bor PETKOIT 5o RACORRRMEOL ety S 4E T
I sti f t 3 ] | .
1020/ orB) 31, nArAECa Aon ROBETB ot ahet Al a7 i ot Pt S Fpcd o

the silicon suRmbkat@adB8iseBe an VOB EMOSSESFORIQ OIPIsd | frmda @ aate 32
and n-type sem conductor |ayer N

described later and has a similar depth and sheet

resistivity to the layer 21.
An oxide film which is between 0.5 to 2.0 pum thick,
10 and which acts as a field oxide film 22, is formed on
top of the semiconductor layer 21, and a paif of contact
portions 23, 24 are formed in the oxide film 22 at each
end of the semiconductor layer 21. A p-type semiconductor
layer 25 or an n-type Semigonductor layer 26 that acts
15 as a channel stopper can be formed, if desired, under the
oxide film 22, and'p-type high-concentration semiconductor
layers (1 x 102%/cm®) 27, 28 having a depth of 0.35 um
s are formed under the contact portions 23, 24. The semi-
conductorllayer (5 x 1016[cm3) 25 héving a depth of 1 um
20 formed over the semiconductor layer 21 (and having a
higher impurity concentration than region 21) also serves
as a part of the input resistor so that the input resistance
is effectively defined by the regions 21 and 25. It should
be noted that the layers 25 and 26 are optional, but can
25 be useful in obtaining optimum performance. Aan 5102 film
29 that acts as an intermediate insulating layer is then

formed, and contact holes are formed therein at the contact



[err] 33 is fornmed in the other sem conductor |ayer 21A. These
transistors Q and Q formpart of the internal circuitry of the MOS

circuit that is to be 10 protected. Al uniniumlayers 34, 35 and 36 are .
f or ned y.the SiQ2 film29 to connect, the transistors [err] and al um ni um
| ayers 38 are connected to the sénixdénduct or | ayers (the .

hi gh-concentration inpurity layers 27, 28) 15 through contact 'holes. O
these, the alum nium | ayer 37 is connected to the internal circuitry (such

. as the CMOS ci 5 tye al umi niumlayer 38 that acts as an input pad
Is formed in é%%#%&%ﬁ%?@ﬁy square configuration on the oxide film22 or, A

other words, over the pMyE QaRHEERor?Q | ¥MsiZtinth@rSeRated oTathagkur kg™

this sem conductor device will be desc bed bel ow'in conjunction w th Fi gs.
6(A) to 6(F). 3 ra3id pg-wypaisemivdmietor dayerisydd i i Yemifhstanat e 25 20
Is conpletely oxidized to forman oxide film40, as showm in Fig.. 6(A), and
t hen wi ndows Ahavdmg faordepth ft He 33xipde ifs Ifiora@dbyina apiodhelri poaghiaphi C
techni que, as shown in -6- Fig. 6(B). Using the oxide filmas a mask,
boron i ons Sar ©f mflearidd cand sabstaiateuddd Bnda am JMOSe wyanstistort Qgat nent

to formthe p-type diffused sem conductor |ayers 21, 21A,
consisting of a gate 32 and n-type semiconductor layer

(1 x ldzo/cm3) 33 is formed in the other semiconductor
layer 21A. These transistors QP and QN form part of the .
internal circuitry of the MOS ciréuit that is to be ~
10 protected.
Aluminium layers 34, 35 and 36 are formed over the
Sio2 film 29 to connect the transistors Qpr QN' and
aluminium layers 37, 38 are connected to the semiconductor
layers (the high-concehtration impurity layers 27, 28) |
15 through contact holes. Of ‘these, the alumin_ium,l_ayer 37
is connecﬁed to théwinternal circuitry (such as the CMOS
circuit), and the aluminium layer 38 that acts as an igput
pad is formed in approximately square configuration on the W
oxide film 22 or, in othe; words, over the semiconductor
20 1layer 21. _
The steps of manufaéturing this semiconductor device -
will be described below-in'conjunction with Figs. 6(A)
.to 6(F).
First, the main surface of an n-type silicon substrate
25 20 is completely oxidized to form an oxide film 40, as

shown in Fig. 6(A), and then windows 41 are formed in the

oxide film 40 by a photolithographic technique, as shown in



as shown in Fig. 6(C). The oxide film40 is then renoved 5 by etching. An
[err] film42 is then fornmed over the whole surface, as shown n Fig. 6(D)
and an [err] film43 of a required pattern is forned thereon. The SmgN3
film43 is then selectively oxidized to formthick oxide filns thésxazg 10
as the field oxide films 22 as shown kngFig. 6(E). If it is desiMNed 10’

I ncl ude a region 25 and 26 for channel stopping and, in the case of region
25, for serving as part of the input resistor, the follow ng steps (not
shown) can be used. After the step of Fig 6(D), first and second ion 15

i mpi ant at i ons ¥ okfBhe [ H$ing | the soxide £ilmjas aumaskinhoman| dony arém
43sapd two photoresist_fil not shown) as masks. One of the photoresist
fi?%% covers1ﬂﬂ?¥ﬁﬂ?§ﬂx§?én%é?y%kfgﬁﬁgér%YeaE%%th%ﬁﬁnetﬂgupetypeatment.
impurities VW“éH‘ﬁMJ' e used to oé€1re i on 25, $ﬂd the_other covers the
surface 20 of p-tFL YT IPTIPS BFFY PEPYPRNARGERT t 1akermi b w212, be

25 and 26 and % AT o 41 406L" cadiehide Frimiad FeiFbanceeaeyidy o

conventi ong tetldHagigENt nethod. 25 The NMOS transi st or
[err]- and thehﬁﬁcs transistor.[errL are thereafter formed in a customary
]

manner, the high-concentAmt$6@,i fpimi 42 1syshen2forp@daoweiorthed whole

,N3 film 43 of a

required pattern is formed thereon. The 812N3 £ilm 43 is

then selectively oxidized to form thick oxide Films that act

surface, as shown n Fig. 6(D), and an Si

10 as the field oxide films 22 as shown in Fig. 6(E). If it is.
desired to_ihclude a region 25 and 26 for channel stopping
and, in the case of region 25, for serving as part of the
input resistor, the following steps (not showﬁ) can be used.

| After the step of Fig 6(D), fitst.and second ion

15 implantations throggh a sio2 £ilm 42 are carrie& but using
an.§13n4 £ilm 43 and two photoresist films (not shown) as
masks. One of the photoresist Eilms csvers the surface of

o n-type substrate for lmplanhlkg p-type impurities which will
be use? to form region 25, and the other covers the sucface

20 of p-type well for implanting n-type impurities which will
be used to form the tegion 2§. 1In the step of Fig. 6(E),
the channel stoppers 25 and 2§ and a field oxide film 22 can
théﬁ Se formed gimult;neously Sy a conventional heat '
treatment meihod. - | - o

25 The NMOS transistor Qy and ;he PMOS transistor.Q,
are thereafter fOtmed_tn a customary wmannecr, the

high-concentration impucity layers 27, 28 are formed



si mul taneously with the sem conductor |ayers 31 of the PMOS transistor

[err] and a wiring layer 37 and an i nput pad 38 are fornmed sinmultaneously

with the formati on and contact of the alum numlayers 34,35 and 36, ,and are
57, together. This conpletes the sem conductor device shown in
and Fig. 4. The sane reference nunerals as those used in Fig. 4

are used for the device of Fig. 6(F). Agcording to the thus-constructed

sem conductor device, the input pad 38 is forned on the sem conductor 10

layer 21 thatgaelis fredislyRikH @beSk@micohBfERbe! Eaybbe BDtaE eneapmdst he

connec
Fig. 6

I nput pad 38 and the sem conductor |ayer 21 can be reduced by the quantity~

by whi ch thew@irsigt Q Josd aandrilhg dayeee3daanlicanf inpuenpag 38 k2

integrated. The input pad 38 is forned flat on the field oxide film22, so
15 that a goatrebciudimegl camuilds apleloasiiyd withe thenfoomationr andveertarctceSsed
above with reference to Figs. 4 to 6 is not an enbodi nent of the invention.
However, it ithehetlpmiinum Layesss34ndiSn@nchd6enBBdi AERt CBRNERESHr esent

I nvention

embodi ment-

silicide |lay

which will now be 20 describ

A

d. FiqgQ. 7.shows gn . _ .
enbod mord. or¢aSRE s i O Shicth SEMLFoRSSEERE: ARKLSR| FIPUR Hiyers
I t . , '
ch are formed on the fiesi §LOr 5antagk b¥8rsel niflerR)ath8Uhose

are rne n the sourc aln regions 31

of ‘the transi S syl Gid. ANhad UeleB! P el dBviaKeoE BEgunser) are for med

on the source and drai

7 whi ch

10

15

20

25

regions 33 of the transistor [eri] Nunerals in Fig.
According to the thus-constructed semiconductor

device, the input pad 38 is formed on the semiconductor
layer 21 ﬁhat acts as an inpu£ resistor. Therefore, the
total area of the inpu£ pad 38 and the semiconduqtor layer
21 can be reduced'by-the Quantity by wbich they afe super-
posed, and the device can be efficiently integrated. The
input pad 38 is formed'flat'bn the field oxide £ilm 22, so
that a good bonding can be etfected. |

The semiéonductor device discussed above with
reference to Figs. 4 to 6 is not an embodiment of the
invention. Howevef,'it is helpful in understanding the
embodiment of the present inventioﬁ, which will now be
described. |

Fig. 7 shows an embodiment of the
present invention which utilizes platinum silicide layers
50 which are formed on the resistor contact layers 27, 28,
platinum silicide layers 52 which are formed on the source
and drain regions 31 of the transistors Qp and platinum

silicide layers 54 which are formed on the source and drain

regions 33 of the transistor QN‘ Numerals in Fig. 7 which

-

R

A



"8 correspond to nunerals used in Fig. 5 identify like elenents. The
silicide layers 50, 52 and 54 having a sheet resistivity of 4 [err] and 500
[err] thick can be formed in a self-aligned manner sinmlar-to.that
“described ‘on pages 164 5 and 165 of an article by T. Shibata ecéggg AN
Optimel |y Designed Process for Subm cronmeter MOSFET' s", | EEE Jo
Solid-State Crcuits, Vol. SCG17, No. 2, gApril, 1982, pp. 161-165, whic
article is herein incorporated by reference. As noted in that article, the
advantages of 10 this silicide technique, is_that_it_permts |owering the
resi stance oFOFKEsSPORAcECaRHMEFALR F%ﬁ%oh% gbgth%IlééhﬁéEX(iﬁhﬁ'ffused

S5 0 Uegerlh PSR RRY A TEET SO0 el S NS e

the™p r ades e CIrcuit pert ormance.

O her 15 vari Nab f form t il i€l isncludi ng Mo,
W Ta, or T megTeREvCy SENA SR 800 ] bk (O fd | (uifeg P 01 1O

added at t he gla¢alil3gneaowAnneh8ihi DEE Ngo PERAEMEYE i Bt drePgey 18U Thi s
prevent the silicide from 20 undesirably reducing the resistance val ue of

the resissor aatl (165 olf wauhdtioleespondi siyiyataoet ral i NCtAamOpgnadldyar ea of
"the resistor). At the sane tine, the resistance of the source, drain and
resi stor conDastigned Pydgead forn8wbmicrometey MOSFET's", IERE alfadaleat ure

of the Fig. 7 arrangenent is the, .
of Solid-State Circuits, Vol. SC-17, No. 2, April, 1982,

pp. 161-165, which article is herein incorporated by

S reference. As noted in that article, the advantages of

10 this silicide technique is that it permits lowering the
resistance of the source and drain regions so that a
shallow diffused source ahd drain can be used without
increasing the resistance of the source and drain to the
point that it degrades the circuit performance. Other

15 various metals can be used f;r forming the silicide,
including Mo, W, Ta, or Ti.

By virtue of the structure of Fig. 7, the silicide
can be added at the location shown without being plated
over the resistor 21. This prevent the silicide from

20 undesirably reducing'the resistance value of the resistor
21 (which would corresgondingly require increasing the area
of the resistor). At the same time, the resistance of the
source, drain and resistor contacts is reduced to maximise
speed.

25 - An added feature of the Fig. 7 arrangehent is the
formation of a SiO2 film 56 ovér'the gate of electrodes of

the respective transistors Qp and Q. This serves as a



. form 20

formation of a SIO 2 film56 over the gate of el ectrodes of the respective
transi stors [err] This serves as a 9 side wall for the silicide step,
and can be acconplished in a manner simlar to that showmn in Fig. 2 of the
articl y P.J. Tsang et al., "Fabrication of Hi gh-Performance LDDFET' s

Wth e Sidewal | - Spacer Technology",glEEE 5 Transactions on El ectronic

Devi cesy Vol . ED-29, No. 4, April, 19827 pp. 590-596, which article is also

herein incorporated by reference. It should be noted that, if desired, the
silicide coulsidee walnngEdrorbe shéigatde eteptrond dgnchbehreerPMbished |if| | m

to expose the gate 10 electrode prior to the silicidation Songe, advant ages~
of the enmbodiammannesssimiddrakoyshakeshownolnofag- (1)of 1 hRei AptACIRST%t o o

of a gate-protecting circuit is fornmed by an inpurity diffused
seni conduct off 45y &sangn§t181an iﬁﬁBFlﬁ§B¥ﬂBy°Se fghﬁéﬁr%ﬂrT?ﬁF?nput

resistor. Therefore, total, | t -at b | 5 ss than th
oSt Lo TSl WIS A BXAUa15585R80 PRaLRNEEGy L0 tege han o
sem condugt orp RSt {6 BG EAALkE8A1LNDR01EKL] COBLY BbOBYY-U6! ey At e
( o _ “AN i nput pad may Be.%orned on a thick field oxide
filmon an Irngwlt,y 1@afzf,u§>9d $0U-608JUheEn! a¥eicleoishalsbhrer@pwt pad is
ng a

flat, enabling a good bondi of _
incorporated by reference. It should be noted that, if
desired, the silicide could be formed over.the gate
electrode by etching the SiO2 film to expose thg gate

10 electrode prior to the silicidaﬁign.

Some advantages of the embodiment described above
are as foliows:_

(1) the input resistor of a gate-protecting circuit
is formed by an impurity diffused semiconductor layer; and

15 an input pad may be formed on the input resistor.
Therefore, the total layout area can be_reduced_to less
than that when the input resistor and the input pad are
arranged separately, ahd the semiconductor device can be
realized in an extremely highiy-integrated form.

20 (2) An input pad méy.be formed on a thick field
oxide film on an impurity diffused semiconductor layer, so
that tﬁe input pad is fléﬁ,_enabling a good bonding of a
wire or the like.

(3) an impu?ity diffused semiconductor layer and an

25 input pad can be formed by utilizing standard steps for
fabricating MOS transistors, and can hencé_be formed easily

without complicating the manufacturing process thereof.

a



“wire or the like. (3) An inpurity diffused sem conductor |ayer and an 25
i nput pad can be fornmed by utilizing standard steps for fabricating MOS
transi stors, and can hence be fornmed easily wi thout conplicati he

* manuf acturi ng process thereof. 10 The invention has been d bed in
det ai |l above by way of an enbodi nent therggf. However, the invention should
not be limted-to this enbodi ment al one, and can be variously nodified
within a scope that does not depart from5 the gist thereof. For instance,
the device may be of a _constructjon jn whic is formed in a

. [ h an_n-type wel |
p-type silicon subdheadBYeBEiPR RA§ BEerdFﬁErékﬁﬂ(gFIFEBﬁlbnaggﬁﬁWﬁ¥e)
ONSk ti the S il i | gt i fil { tion. |
SR on {0 8 8 A SBRESEREPELENS0ePBAs, APHFPRES nbRE. SRERERBUIIEi co may
be any of t i3N 0 : i ti '
Normat 1y, t AARS i sREOREC ki el o EHER BReBURRERE R1oRE. gREYMITe L
pad 38 and theiWusiRImbaYeied/wRBAihN8 8kbpei dRali 8BEBs5Rob4c¥bheh LAMRT the

source and 15 drain’regions 31,33 of the transistors [err] are forned
si mul t anéouddne, gigk thegebs.noFoessABtafte, the device may be of a
construction in which an n-type well is formed in a p-type
silicon éubstrate, or it may be of the SOS (silicon on
sapphire) construction, or the SOI (silicon on insulating
St film) construction. In addition to boron and phosphorous
10 ions, furthermore, the impurities may be any of those in
groups III or V, such as arsenic or antimony ions.
Normally, the silicide films 50 which couple the
resistor 21 to the input pad 38 and the wiring layer 37
and the silicide films 52,54 which cover the source and
3

15 drain regions 31,33 of the MOS transistors QP' QN are

formed simultaneously, but this is not essential.



CLAI M5: 1.

bet ween an i
transistors,
a second &N
conduct i %E?
| nput .resi st
films at spa
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coupling the
el enent; 15
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transi stors.

the MOS tran
second condu
accordi ng to™

regi on, and

claim?2 or c
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15

20

25

A sem conduct or device having a gate-protecting circuit
nput pad and internal circuit elenents including MS .

conprising: 5 a diffused sem conductor well region of

ductivity type within a sem conductor substrate of a-first

type, the diffused seniconductor well region acting as an ’

or of the gate protecting circuit; 10 ' two 'silicide

ced-apart positions on the diﬂfused sem conductor well region,
filmcoupling the input pad to the well region and the ot her

cnalIMSregion to the MOS transistors of the internal circuit

a field.oxide filmover the well region; and further 3

ﬁs cove® ﬁgmnnenéyeﬁeé éﬁﬂlﬁﬁahﬁvieglénsaﬁ? Eﬁ%t$ﬁi?"9
A devi ce acgordin

-

uyf

n.at ast one of

9?995%5 PELWELRe An; ﬁnBuFug?hoﬁnalfPﬁggﬁa ?frﬁﬁl?e PS¢ he

ctl | strate. 3. A devi ce
uﬁﬁ?gy§©sng a?gﬁ gkg ﬁ%gifig Sistor with source and
drain reg ons of the ikFusean uﬁﬁashaucuspewémtbsgiaatapradséémd wel |

25 at | east one transistor with source and drain regions of

| ai m 3, wherein
first conductivity type, the diffused semiconductor well

region acting as an input resistor of the gate protecting
c1rcu1t.

two silicide films at spaced-apart posltzons on the
diffused semiconductor well region, one silicide film
coupling ihe input pad to the well region and the other
coupling the well region to the MOS transistors of the
internal circuit element;

a field oxide film ov;r the well region; and

further silicide films covering the source and drain
regions of the MOS tranQistors.
2. "A device according to claim 1, wherein at least one
of the MOS transistors is formed in a further diffused well
region of the second conduckivity type in the semiconductor
substrate.
3. A device according to claim 2 having at least one
MOS transistor with source and drain regions of the first
conductivity type in the further diffused well region, and
at least one MOS transistor with source and drain regions
of the second conductivity type in the substrate.
4. A device according to cléim 2 or claim 3, wherein

I

| i

- - g ER R . = . B

. the second ceifidvidtiviityt ¥ypei Withensubgbindtonddctor sébslevace afcarding to
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the further diffused well region is formed sinultaneously wth the well
region acting as an input resistor. 5. A devi ce according to any one of
Llainse 1 to 4, wherein the silicide filnms over the well region and LQe 5
further silicide filns over the source and drain regions of the MJH
transistors are forrned in a self-aligned manner with the field oxidé&film

6. - A devi ce ‘according to any one of t precedi ng clainms, wherein the
silicide filns and the further SI|ICIde 1845l ms are forned S|nultaneously
7 A devi of the precedin _havin

er-‘nﬁ\onducto?:?1 g eﬁegﬁtgﬁ |E?%&99|*%3 %ﬁﬂ#ﬁ aqﬁaﬁ%iﬁ whi ch

haye, o he samlﬁﬁn@u@ LL¥LEYrLyp naécm 2, 4 gme,;noéa@wéélyst%glcentratlon than

the well 15 reg evi ce ac ordlng any one of the precedi ng

clai ms having, a fur Ahgevseal seaéy&mg £SGAMP dd e 1idiGaal leg @gi on and
the field oxide filmwhich has the sane conductivity type as but a higher

i mpurity conehetredhi ehe28ilbeabdé heilws lovegithe well regidie\ance taecor di ng
to any one of the preceding clains, having channel stopper regions adjacent
the source afigréhernsiticide 51 1n$1cowdS thersdunas #nd [y adimameglionisopfer

regi ons beln% of a conductivity type opposite to 25 the adjacent source or
drain regi ontheoMOS trapsisters et of Pghed Jd}aarﬁealﬁd-@ld@@i’dww claim

with the field oxide film.
6. A device according to any one of the preceding
claims, wherein the silicide films and the further silicide
10 films are formed simultaneously. |
7. A device according to any one of the preceding
claims having semiconductor regions between the silicide
films and the well region which have the same conductivity
~ type as but a higher impﬁrity concentration than the well
15 region. ¢
8. A device according to any one of the preceding
claims having a further semiconductor region between the
well region and the field oxide film which has the same
conductivity type as ﬁut a higher impurity concentration
20 than the well region.
9. A device according to any one of the preceding
claims, having channel stopper regions adjacent the source
and drain regions of the MOS transistors, the channel
stopper regions being of a conductivity type opposite to
25 the adjacent source or drain region. |
10. A device according to claim 9 as dependant on claim .

8, wherein the channel stopper regions are formed

A




8, wherein the channel stopper regions are forned 13 sinmultaneously with
the further sem conductor region. 11. A seni conduct or devi ce .
substantighly as herein described with reference to and as illustrated in
Fig. 7 o(é%ye acconpanyi ng drawi ngs. 5 12. A met hod of fabricating a
sem conduttor device having a gate protecting circuit and internal circuit
el ements including MOS transistors, the net'}odl conprising: formng a

di ffused sem conductor well region of a secofd conductivity type within a

seni conduct or guRSitahéodflpfwich i €itd LN | sdniDedndifs t OB it WO
silicide filns at spaced apart |ocations on the diffused sem conductor well.

region; form ngjla fiRl demkecomdictor clevriddesudtantaigildly asnchdxain ng 5
further silicide filnms covering the source 15 and drain regions of the Nﬁggﬂ
transi stors; tfesepjbed vt refexence it vindng Hd lyistnaked seniEigontiaf or
wel |l region acts as an input resistor of the gate protecting circuit, one

of the silicid&h®i PREORBRRPYERYI t FeAYHIAR - pad to the wel |l region, and the

oLner o111 chieyLl I ROaEHBALOR HIEELLALEA Tl AR A LA
el ect rode of ag l;geétpPQEegéiﬁeec%{{ aﬁ?& sitrﬂ;resrﬂai fﬂf@.ﬁt elements
including MOS transistors, the method comprising: |
forming a diffused semiconductor well region of a
second conductivity type within a semiconductor Substrate | \/
10 of a first conductivity type:
forming two silicide films at spaced apart locations
on the diffused semicqnductor well region; _
forming a field oxide film over the well region; and |
forming further silicide films covering the source
15 and drain regions of the MJS transistors; -

_thereby to form a device in which the diffused semi-
conductor well region acts as an input resistor of the gate
protecting circuit, one of the silicide films couples the
input pad to the well region, and the other silicide film

20 coupling the well region to the MOS transistors of the
internal circuit.
13. A method according to claim 12, wherein a gate
electrode of at least one of the MOS tranéistors is formed
over a part of the substrate other.than the part in which
25 the diffused semiconductor well region is formed, and
impurities of the second conductivity type are implanted

into the substrate adjacent the or each gate electrode,
- ——
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'bver é part of the substrate other than the part in which 25 the diffused

..sem conductor, wel1 region is fornmed, and inpurities of the segqnd
«conductivity type are inplanted into the substrate adjacemzééiéor ach
gate el ectrode, thereby to formthe source and drain regi of {Eé at

| east one MOS transi'stor. 14. A met hod acgording to claim12 or cla m 13,
wherein the diffused sem conductor well regi is afirst diffused 5

sem conductor region and a further diffused sem conductor region of the
second conduct thergbyype Eerhothedsburiédecas@bdts ol e it @ relded rade of at
| east. one of the MOS transistors is fornmed over a part of the second
diRfused seni céraatt onewdPE tognshstand inpurities of the first 10
conductivity t¥ e are.inplanted into the further diffused sem conductor

regi on adj acen

the Br™e5RAAgaFEOoERERY  BRICla MR khor ¢ldimmlthe Weneda and

dr ai ' I f th t i stors. _15. A net hod
aceording Lo cPAP rATAERERoPmE HaR AT AT (4ETH (SRR ot it O Shpimed

T aand 8 'osbiliLREYELEE 2eds SRTLAR LA di S8 08 OTRY

nmet hod~accor 0O any one O

si mul t aneousl y.

further includiagiohOsfi fHedsbeyRd Sbnddtstd widya ﬁ;s,;grbrgl}éﬁr ihhenk! el d 20

oxide film and formng an alum nium | ayer over the

substrate, a gate electrode of at least one of the MOS

transistors is formed over a part of the second diffused

\/ semiconductor well region, and impurities of the first

10 conductivity type are implanted into the further diffused

semiconductor region adjacent the or each gate electrode,

thereby to form the source and drain regions of the at

least one of the MOS transistors.

15. A method according to claim 14 wherein the first

15 giffused semiconductor welt region and the further diffused

semiconductor well region are formed simultaneously.

16. A method according to any one of claims

further including:

20 oxide film, and

12 to 15,

forming a layer of insulating material ovér the field

forming an aluminium layer over the layer of

insulating material.

17. A method according to any one of claims

12 to 1le,

wherein the silicide films and the further silicide films

25 are formed Simultaneously.

18. A method according to any one of claims

12 to 17,

wherein the silicides film and the further silicide film

* 4 L M S *



insulating material. 17. A nmet hod according to.any one of clains 12 to _
16, wherein the silicide filnms and the further silicide filns 25 are forned "
Si wltan@sly, -18. A nmet hod according to any one of clains 12 to,17, 1

wher ei n silicides filmand the further silicide film 11111111 111111
11111111Tr711111 15 are fornmed in sel f-al{i ned manner with the field
oxide film 19. A method of fabricating a~“sem conductor devi‘ce
substantial ly as, h%%wd dfécgé{)@gaﬂé#eé%ﬂr?&%{& Rk field oxide
f£ilm. | s
19. A method of fabricating a semiconductor device
substantially as herein described with reference to Fig. 7.
o/
L )
o/
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