2 6 18 b(2 SEM CONDUCTOR DEVI CE AND METHOD OF FABRI CATI ON THERECF The
/%g nt invention relates to a sem conductor device having two circuits on
ame sem conductor substrate and to a nethod of ‘fabrication of such a
circuit. Mniaturisation of sem conductor devices (I1Cs) has Sﬂb§§P~:4:'6
attenpted to increase their operating sgeed and inprove their ™ é@ﬁh?ion
density. MOS el enents (MOSFETs), which are typical exanples of MS el enents
(M SFETs), are no exception. To mniaturise MOS el enents, the thicknesg*of

their gate oxide fil meghascOB8B80CHORUSRE K At M@gﬁ‘ g of their channel s
has becone shorter an | ely strong

electric field is generated wgiggrderdavrgex=6e that injection of hot
carriers into the gate oxide fiTmoccurs, and the threshold voltage shifts
or there is a degradation of mutual conductance. 15 A
doubl e-di ffused drain structure such as that ( shown in Figure
1 of the acconpanyi mhedpawisrys: hasvdreeiopr opbaedst aosal genmtikesdupta ens.
Figure 1 is a section through a typical N channel MOSFET. A P-type silicon
seni conduct odeydlgst havd.ng Kaw axisiduthod dnokhdesgBeOBem20onfiukcnoz, a gate
oxide film3 and a gate electrode 4 forned thereon. In order to reduce the
strong el ect Estirate i@k ke i Berhed of faerdcathonbefhsuchi g sidcdddrce
have a doubl e-di ffused drain structure consisting of an. N -type |ayer 5 of
phosphor ous (P) andMéﬁqq;qﬁHﬁgq%ggﬂo% $gmiconductor devices (ICs) has

5 Dbeen attempted to increase their operating speed and

e improve their integration density. MOS elements (MOSFETs),
which are typical examples of MIS elements (MISFETs), are
no exception. To miniaturise MOS elements, the thickness
of their gate oxide films has been reduced and the length

10 of their channels haé become shorter and shorter. This
means that a relatively stréng'electric field is generated
within the device, so that injection of hot carriers into
the gate oxide film occurs, and the threshold voltage shifts
or there is a degradation of mutual conductance.

15 A double-diffused drain sﬁructure such as that {
shown in Figure 1 of the accompanying drawings has been
proposed to solve these problems. Figure 1 is a section
through a typical N-channel MOSFET. A P-type silicon |
semiconductor substrate 1 has a silicon dioxide (SiOZ)

200 film 2, a gate oxide film 3 and a gate electrode 4 formed
thereon. In order to reduce the strong electric field in
the proximity of the drain, both drain and source have a
double~-diffused drain ‘structure consisting of an N -type

layer 5 of phosphorous (P) and an N+—type layer 6 of



. -2-. arsenic (As) (refer for exanple to the aricle by E Takeda, et al,
“entitled "An As-P.(N+-N) Double Diffused Drain MOSFET for VLSI"s" :
publ i shed in the. Di.gest "of Technical Papers, Synp. on VLS Technology,

QA SO,. Japan, pp. 40-41 5  (Sept. 19821) A protective circuit is usually _
~ forned on the sane senlconductor substrate to protect the MS el ement. from
~‘abnornal -si.gnal's fromoutside the IC. As shown in Figure 12 of the.
“acconpaayi rig drawi ngs, the protective circuit 10. (e.g., eIectrostatlc

‘protective. cnrgygétlbn(AstltﬁéfértQoprexanblbheodeﬁtraetb@e BP hheTgﬁtea,
insulating filmof a MSFET 71 of a first stage inverter he gate.

el ectrode of wstchlj sesofipbedetahoas- POmdkng)p@du%lbhbgggnsgdrgghghor 10.
‘Destruction occurs when el ectrostatic energy-15 is applied to the bonding
pad. ‘A circui tMeSERT aSot haLSI &gl espabedshydt he edei valigast 6Fr Tachndcagram
- of Figure 2 of the acconpanying.drawings is a typical protective circuit 9
. used for proteE@Pﬁgsc|$EmwtsootﬁESItﬁaqhnhéogyot9&80veJapanu|pp e4g-4an
internal circuit 20 of an IC. ‘A signal tqo the internal circuit is applled
to a bondi ny. ph8eBtthk®8Fh) a diffusion resistor 10, one end.of which is
connected to the pad 8, and a clanping MOSFET 11 mhose gate and source are
“earthed i's connected QOP¥%%e?EhE?|6hrEétﬁeéﬁ pEBaléyi §pspedoonnghehsame
internal--circuit. he..i nventors of the gresent i nvention have

pr.oduced sanpl%e@eﬂ?%%hﬂﬁ%to?uﬁﬁhfteg bP Brabasket FfME§e818W§PH'§FPBCture;

and have d'SCOVEhS?%éPes{§%APs-Pgogr Lsghe the IC. As shown in Figure 12

B ‘of- the accompanying draw1ngs, the protective. circuit
..niQ__(e g., electrostatic protective c1rcu1t) 1'.n,c1rcu1t to
| -prevent the destruction of the gate-insulating film of a
MISFET 71 of a first stage 1nverter 68, the gate electrode ,.
.;of which 1s connected to a bonding pad 8 through a_'
reSLstor 10. f Destruction occurs when electrostatic energy
.'hh*is is. applied to: the bonding pad. |
E A c1rcu1t such as that represented by the equ1va1ent
circuit diagram of Ficure 2 of the accompanying drawings: lS'
'\/. L a typical.protective c1rcuitg.9 used for-protecting c1rcuits
- other than.the protective'cirCuit, e.g. an internal circuit
20 of an IC. A signal to the internal circuit is applied to
a,bondingfpad.sfthrough aidiffusion-resistor.LO, one end.ofh
which is.COnnected-to_the pad 8, and a clamping MOSFEThll
whose gate and SOurce_are earthed'isgconnected to the
junction between.thejresistor.io and the internal circuit.
25 o The inventors of the present invention have produced
| sample semiconductor devices of a double-diffused drain

structure, and have discovered the following problem. .



3 In this sem conductor device, the protectlve circuit 9 has also a

dou di ffused drain structure. A section through the circuit 9 is. shown
in re 3 of the acconpanying drawi ngs. A P-type silicon sem conductor 5
subsgyate 12, has an isolation SiQ2 fgln113 - a resistor 10, a ‘clanping .
MOSFET 11, a source region 14, a gate’oxide film 15, a gate electrode 16, a
phosph05|llcate gl ass (PSG f|In117 and 18 an al um nium el ectrode forned
thereon. Both the diffused resistor.10 and the sem conduct or reglons 30» of

the source and dra'Pnr@91Qn%eﬂic$H&anggp&QQig$§Fggﬁl§fg@¥8F§ve circuit

doubl e-di ffused drarn structire onsi st ype €r.and an N

Lype laver .| fiad hey 56T capahies 05 fe¥LER Bath §tghe@ureomxegec@§ahruct' on

of the insulating filmof a MSFET formng a Irst stage Inverter and .

having a doubheosh fusedcdrahict engds él@o&ﬁcﬂﬁ Fidhi&é BSobegpuse the
backwar d breakdown vol tage at the junction of a M SFET (Di ode) and having a

doubl e- di f f usedomipmyifid S@Bawilgs el ext pocypéi §itDebfyskhiappbuedolro t he
insulating filmbefore it can leak to. a 20 ‘substrate by breakdown of the

cl-anmpi ng mﬂS§Eﬁétﬂm@eplmsemasimweﬁ$®bmt$e&k$i®g.ﬁmeCDBE;aOfegiste@suo,
anel iorate these problens, by forming a first Circuit, e.g. an internal
circuit suchaasl&mmmm@rMOSEET,1butm sodocd| eedidhubéd araanesbrudeure, and
a second circuit, e.g. 25 the protective circuit, with a single-diffused
drain structfkln IThe scaadvrl ©l¢©nr©dﬁay6beaanh@seb@$at;a@te giasecﬁPss)

‘circuit which, as nentioned above, protects the
film 17 and 18 an aluminium electrode formed thereon.

Both the diffused resistor 10 and the semiconductor regioné'
10 of the source and dréin:reéions of the clamping MOSFET-li

have a .double—diffused~drain structure, and consist of an

N -type-layer and an N -type layer.

.In the semiconductor device of this kind, however,

-destruction of the insulating film of a MISFET formiﬁg a

15 -flrst stage inverter and having a double-diffused draln
tends to occur. Thls is because the backward breakdown
voltage at the junctlon of a MISFET (Diode) and having a
‘double-diffused drain rises, the electrostatic energy is - ~
applied to the insulating filﬁ beforé it can leak to a

20 substrate by breakdown of the clamping MISFET.

The present invention seeks to overcome, or at least
amelioraté these probiems,‘by fofming a first circuit,
.e.g; an internal circuit such as a memory cell, with a
double-diffused drain.structuré, and a second circdit, e.g.

25 the protectiﬁe circuit, with a singie—diffused drain
structure. .The second circuit may be an électrostatic

protective circuit which, as mentioned above, protects the



"4 region of the at | east one M SFET conprising a first doped region of high
concentration and a second doped region of relatively | ow concentration of,
the same conductivity type as the first doped region, ‘and in contact wi}
the first 5 doped region, wherein a protective elenent of a second {
circuit electrically connected to the firkt circuit for protecting the

first_cl(cuit froman external surge voltage introduced t hr ough an_external. .
‘term nal’, hasragtopedfrenéoat oleasti ghe CRDSEBTI abmpnisthgt antiaktydbpedsame

as theﬁfTrSt'lO__doped region and. of the same conductivity type and no :
r.egi on havingregtoncefit haghoooacentoatichi andyat ypeosdbdopadi nkgyonhef sane
as the second :doped region and which is in contact with the region of high
concentrat i onretatheepyolevt torcentnehionwhér the saweregnéucbivhtyghtype
concentration of . the 15 protective element s forned sinultaneously with
the first dope® FegibhrshndonpérEffiohe 3Beohl GBPeECEYibh tRefbiREH in
sel f-aliggment wth the gate el ectrode, and the:first doggd region.is
fornmed i n”sel FORFF ghRBHET wi FREDAE of PHRESFHEVRaPtoBpaters AndStRRdgate
el ectrode. The_second,20. cirguit nmay be-an _electrpstatic.protective

G roui © vihi che L EGSREneFEREES GREVE, CEPBTSEre FReCPFr St oF rEbTE St ofPHamage
due to abnornmgl. external .sLg © _Sugh: a device.r s_degradat j on; 1
characteristr€%0g§%€§gahgﬁécg?#$gr%?ygﬁﬁgaggéhrg ugggggga?agggg%nbg?t?ﬁg o

~destruction vohtaggucehNchPbighadn 28xtbhRali ELent ALENShAY ACAbPE4UPEY:ibRE
‘gate oxide filmof e.g. a clafping MOSFET may be reduced. The presen

i nvention a'S@fpéOMigﬁscohBeﬂtﬁSﬁﬂaﬂ substantially the same as the first
| -kJV .L-10':doped région.éhd of the saﬁe c§hductivity-type_énd ho:fegioﬁ 
: héving é éoncéntration'and.cohduétiviﬁy.tyPé.éubstqﬁﬁialiy :f.
the same as ﬁhe second doped fegidﬁ and.whicﬁ is in ¢ontact
: Qith the,fégidn of hiéh céhééntratioﬁ df the prdteétive
7i,éiéhent,'wherein'the'fegion of_higﬁ conééntration oflfhe
jzls*’protective eleheﬂt is.formea'éimuitaneouéiy with tné first
| :..dpped.reQibn;_and,whéreih fhé.sécbnd:doped fe§i§ﬁ is formed
in'self—alighment with £he'ga#e.eiectfodé,;and thé.first 
' doped.régiQﬂ iS'forméd}in'seif¥aligﬁﬁent.with.éne'pf"fhe'.
e .:Side wall Spéceré and the.gate electfode;'.Thé second
20 ‘circuit may be an electrostatic prbtéctive ciréuiﬁ which, as.
mentioned abdve,_protects the_fi:st circuit from_damége due
.  fo-ébﬁormél extefnal-éiéﬁalé:_ Such.a:déﬁice'redﬁéeé"
degradation of characteristics due to hot carriefs;_énd'alsé'
fedhdes degfédation bf-the deétfuctioﬁ voltagé.-_In'this way.
_.25.-£hé_field intensityﬂaétiné ﬁpon the gate bxidé.fiiﬁlbf e.g.-
|  a_c1amping MOSFET may be reducedf. |

- The present invention also provides, in a sécond



aspect -a nmethod of fabricating a sem conductor device having at |east one
°SFET for a first circuit, the at |east one M SFET having a diffused drain-
on and a gate el ectrode with side wall spacers on either side of the
e electrode 5 and a protective el ement of a second circuit- electrically .
connected to the first circuit for protecting the first circuit from an
external -surge voltage introduced throsigh an external termnal, the flrst.
and. second circuits being formed in a major surface of a sen1conduct0

substrate; tfpet? MEuRMINIUdidEida G Bentiddnsibd |de3ilc¥1d1a{iﬂ§@1
doped regions for the drain region of the at-least one MSFET, the first

doped regi omthaigagtoforke gIT SFRTCeiti at ifdr ssna iheiuia: f artreecht esadtf -aaldé gnnent
with one of the side wall spacers and .the gate el ectrode, and the second
doped regi oMIEFHIkhay iofg raeldaiﬁf\uese,d |dong igo reggiitamatansh,a afattehee lsanterasienduc-
tivity type as the first doped region, beingin contact with the first
doped regi owitdng ige g llospadens ul feidiheghragide Wi Hhehgaga e ldadaadsde;
and fornjng by diffusion a doped region of the protective elenent, the
doped r g%gl o@ﬂ?el%g’%efcd'-rlﬁ’&j oiemAndt %&Jﬁ%%‘ff?%@’fq reskeidiiet? Flghi on

and having a hi concentration substant.i-a t he sane as .the rst doped’
regi on; \/\/ner‘:@“ﬁ’1 Jiorhs Hifeth r"dtré'é’ﬁtveg%q SRS YD R {Mﬁstth has a

Second GSLE%%Z‘C&%% d””'v'cea?%eﬁﬂ BRI Vaagd Aol g B en

Concentratl%&t &gYatermlnal, the flrst and second circuits belng

formed in a major surface of a sem;conductor substrate; the \J

lp method.including; forﬁind b& diffueion first and second
doped reglons for the drain reglon of the at least one
MISFET, the flrst doped region being of hlgh concentration
and being formed in self-alignment with one of the side wall
spacers and the.gate electrode, and the second doped réegion

15 being of relatlvely low concentratlon, of the same conduc-
tivity type as the flrst doped region, being in contact with
the first doped reglon, and belng formed 1n_self—a11gnment
with the gate electrode; and forming by diffdsion a doped g;
region of the protective element, the doped region.being

20 formed simulataneously with the first doped region and
having a high concentration substantlally the same as the
flrst doped reglon,

wherein no region of the protective element is formed

which has e concentration and conductivity type substan-

23 tially the same as the second doped region and thch is in
contact with the region of high concentration of the

protective element.



protective el enent. 6 The two diffusion |ayers of the first circuit may
be:formed either by first masking the second circuit for the formationa

the. first diffusion |ayer, and then renoving the mask, or by sel ectivejx
_ |nplantat|on scanning. 5 An enbodi nent of the invention will ndy
- described in detail;, by way of exanpl e, with reference to the accom o
panyi ng drawi ngs, in which: Figure 1.ig a section through an N-channel MS
~elenent_w th a doubl e-di ffused drain structure and has al ready been 10 '

described: Floure 2rhs &l ChPekil ofCbhyaLenbe cLAE UL LogLAMPL Aoy camP! € )

“of .an electrostatlc protective circuit has al read een descri

Figure 3 is arserédonitRepUGH ﬁlﬂ&\!'ﬁ&sﬁ?ﬁdjeEHQnQéBSné5ciPcui@eféﬂutN@ ent
circuit of Figure 2 and has already been described; Figure 4.is a plan view
of an exanpl efefmabeoshbdp pnétEiﬂsafdaffﬁwmtﬁrDaydfd #hdéhtRenetebvorgatic
protective circuit and an internal circuit on the same sem conductor 20.
substrate; FigueesaskiooB lyesskettbvs ibnoigbhlanseticnnscenningdevice,

_ shomnng t he fabrication method useful in under- standing the present '

i nventi on: Fi gur es @naﬁmeQlﬁﬁetscﬁehhglcnpeahloneuslbonoesbe25epondbag to

-the electrostatlc grotectlve circuit and the
_ : R detail, by way of example, w1th reference to the accom-

panying draw1ngs, in whlch,
Figure 1 is a section through an N-channei MIS element
with a doubleFdiffused drain;structure_and-has_already been
10. gescribed; o | |
-'.Fignre'z is an eleetric equivalent eirehit,diagram of
'an.eXample'ef an.electrostatic protective ciréuit and has |
already beenfdesCribed;:'
Figure'3‘is_a_section.throth.ardeVicehCOrreepending.
_15't6:the.equivalent.circuit of"Eigure'Z and has already been
described~ | | | i
Flgure 4 is a plan view of an example of the Chlp
-;kJ o - pattern of a DRAM prov1ded w1th an electrostatlc protective
circuit and an 1nternal circuit on the-same semlconductor
20 substrate;

HﬁﬂFigures 5 to 8,are'sectibns through a semiconductor
rdeViee, shOWinqﬂthe fahricatibn method neeful'in under-
standing the present invention;

tFigures 9 and ld are sehematic plan tiews corres-
25 ponding to the electreStatic protedtive circuit and the
internai_circuit of Figure 8, respectively;

Figure 11 is a graph of experimental results shbwing



rnal circuit of Figure 8, respectively; Figure 11 is a graph of
\-mental results show ng the dielectric breakdown voltage of an
ostatic protective circuit with a single-diffused drain structure,

conpared with that of an electrostatic protective circuit with-a
doubl e-di ffused drain structure,; Figure 12 is a circuit diagram
showi ng an electro- static protectlverkerU|t and a specific internal
‘circuit protected thereby; Figures 13 and 14 are respectlvely circuit)
di agrans. sh&ﬁ%@%ﬂ%@%@é’ﬁerﬁrqa\%ﬁéﬁtﬂ HP AT Qf tan £ IATEE tnisdsi ng 1
first sta e of an input buffer and a M SFET conposi a final stage of an
out put bu?f é’FOtﬁcgji}r"%s cfig cuid W 7 SPh G %"tsedf ‘G\WSIEC'S
Jgure 18

ful d
ooty corn M IR e R SO S S S iy 1o
first ar rangganent, %gﬁg¥anléﬁhv1em/o paﬁ:uégwﬁgresent i nvention; and

Flgure 19 is a cross-sectio € circuit of Flgure 15

cocordhan {5, TN O IS RSO Wil o gledb iy

- enbodi nrent of a sem™onductor device and in
-accordance Wldt it rytesanlivd RMahiian aMd la e dier idesigrddigrh Widih-dgfer ence

to Figures 4 to 10. However, such description exenplifies, not limts the

i nvention. Protected %uyﬁéby4 shows an exanple of the |ayout of a chip 7 of

| | Figures 13 and 14 are respectivély circuit diagrams
showing the present invention applied_tb_a MiSFET_coﬁposinq 3.§)

10 a fi:st stage of an input buffef and a MISFET composing a

- final stage of an output buffer;
Figures 15, 16, and 17 show éircuit_diag:ams of
CMISICS ﬁseful in understanding ﬁhe present invention;
Figure 18 is a cross—sectibﬁal view of par£ of the
15 circuit of Figure 15 according to a first arrangement not
bein§ an emﬁodiment of.thé present invention; and
Figure 19 is a cross?sectional view of.part'of the
‘circuit of Figure 15 according to an embodiment of the
_ present invention.

20 A first eﬁbodiment of a semiconductor device and a
method of fabricating it in accordance with the present
invenﬁion-will now be déscribed-ﬁith reference to F;gures'4
to 10. However, such description exemplifies, not limits
the invention.

25 . Figure 4 shows an example of the layout of a chip 7 of

a dynamic random access memory (DRAM). The DRAM consists of

bonding pads 8, a protectiVe circuit 9 provided for each



- section thro

- a dynamc random access nenory (DRAI\/9 The DRAM consi sts of bond| ng pads 8 _
a protective circuit 9 prOV|ded for. each. bondi ng pad 8, a signal C

~generation circuit 100 which generates read and wite ti.mng S|gnahs’ii .,

a menory array- 101 in which M'S elenents are used as nenory cells a@LJ’ '

“colum and row decoders 102. 5 qugres 5 to 8 are cross-secti ond

Vi ews shomﬁng step-by-step, the process of fabricating a senlconductor

-~ d ful d d th t t
e it B A elﬁr%ésri%wg{%ﬁgm’ar"%%r QB SR oh 1
part of the IALEInAle £ £ G and S MO B8 L0En L1 GNerc Fl gl @

; th ed Semi Con VIC s FTgur €3 TR 10 are
‘'schematic pl Vi £ i.gur 5

ot he ot A R ST MR e %%%%d&%“ ’@F‘§°r>iF i
formation of i gstane! &ed rasie @fcddie- MIFET of the DRAM Th| s state may

be conpleted .by  conventional techniques shown in Figure 5 are a semi-

conduct or Ssubst r at er ZPurés JRt o 0K e fd g8 2Isectitbraal feved asigwileg 22.
The semi conductor substrate 20°is, e.g., a P-type nonocrystalline silicon

substrate havstep-tby-498p 5 thoe ypsnt@dess aoe, £ dlor i extaingd 63 el ddredgatex oxi de

film21 is an-Si® film for exanple. .The gate electrode 22 is. a
_qev1ce useful in- understandlng the present xnventlon..'The
.protectlve c1rcu1t is shown on the left of each draw1n§.and

U . .a memory cell, which is part of the 1nterna1 c1rcu1t, is

| | lo.shown on the rlght Flgure 8 is a section through a

.completed semlconductor dev1ce, and Flgures 9_and 10 are
_SChematic-plan views of-the_semicohductor device?of'Figure_
hs; _ o :
- Floure 5 shows the state in whlch the process has been

15 completed up to the formatlon of the gate electrode of the- L

;MOSFET of the DRAM. Thls .state . may be completed by



conductive | ayer forning'a second | ayer, and is formed by depbéiting
polycrystalline silicon by chem cal vapour deposition (CVD), and then

di f f usi e.g. phosphorus ions 10 to form polycrystalline silicon of a
re%éﬁggigesistance. The gate electrodq%nay consist of a |ayer of a netal
whi s a high nelting point, a |ayen of the silicide of such a netal, or

a two-|ayered structure consisting of poly- crystalline silicon and the .
silicide of a nmetal with a 15 high nelting point. The circuit showny

Figure 2 illusivéle5oa010%¥aRheqEst BRORROTRCEIYEr &1 6ClEL QNsbhe-l ef t of
Figure 5, and the nenory cell of the DRAMis shown as one exanpl e of an

internal cir&dhdu@PotN8ubk@hhtef 261, gHr §abe 8Ride film A1} hagH ax?see‘fi I m 23
providing isolation is formed by selective thermal oxidation of the surface

of the silicorestbsdeate.20, Ther sexaoph@uctér sébbeoratétzodes( Se384) film
25 acting as a dielectric filmof a storage capacitor is forned on the
surface of tdep+tgpd mshderfyskal2inensibécdb sebwtyatel hasvide, aandoal)so on
the surface of a thin S Q2 film24 that continues fromthe film23. A . 7
pol ycrystal |¢ressal i pbanel e€orodsafples &pdntde opatéeoxhda film 25 through
an SiOfilm26 and is diffused with e.g. phosphorus ions 2 so as to reduce
its resistame.SiFheftbmduéervexpapde. whTha gatehelestsede ayerigonsi sting
of this polycrystalline silicon electrode 27 fornms one-of the el ectrodes of -
the 5 capacteRRuetivRelA¥RBr fOEBLPI RoACFAPE ab ¥eT orRdrignformed by
depositing polycrystalline'silicon by chemical vapour -
_ : _ _ CETT 9
deposition (CVD), and then diffusing e.g. phosphorus ions. o
10 to form polycryStalliﬁe siiicon of a reduced resistance.
-Thé-gate electrode may consist of a layéf of a metal which
has a high melting point, a layer of the silicide of such
a metal, or a two-layered structure consisting of poly-
crystalline silicon and the siliCide of a metal with a
15 high melting point. The circuit shown in Figure 2
illustrates an example of the protective circuit on the
left of Figure 5, and the memory cell of the DRAM is shown
as one example of an internal circuit on the right of ()
Figure 5.
20 A thick oxide film 23 providing isolation is formed
by selective thermal oxidation of the surface of the silicon
substrate 20, for ekample. A silicon nitride (Si3N4) film
25 acting as a dielectric film of a storage capacitor is
formed on the surface of the field oxide film 23 on the
25 memory cell side, and also on the surface of a thin SiO,
film 24 that continues from the film 23. A polycrystalline:

silicon electrode 27 is formed on the thin film 25 through



i nversion prevention layer (that is, a channel stopper |ayer), or for U
controlling the threshold voltage, etc., has already been conpl eted S
stage. Next, as shown in Figure 6, a photore5|st film28 10 is selec» e y
f.ormed over ‘the surface of the protectlggi circuit alone, by a

phot ol'i t hograph| c process. Mire specifi ly, the photoresist fil m 28 (1

um is formed only over the region Ain Figure 4. lon inplantation is then-
ef fect'ed using this photoresist film28 as a mask, in order 15 to formN

-type diffusian saygr. $i2% WE chddls a5 SUYQRE wilth @.3i.N phegphldg ush ildies
menory cell. "This. ion inplantation uses phosphorus ions as the N-type

i mpurity, forsexasple. rduce? iflwe nermﬂatqc&i%ﬁ'h@ cbndulcerink  lagert Rhich
|nplantat|on energy is 50 KeV. Arseni.c ions can be used as the 20
i.mpurity.  Ref ésrithg tfgrléltgtlraefeﬂf Ctdmsmtutmyeﬁi sthifs lpole@riystedivved; and
then N-type inpurity ions such as arsenic ions are inpllanted to forman N~
-type |l ayer 36ilasgnhedestaadeulde-ffifssme dfaithes elestardesThifs then '
qlhplantatlon 25 ‘also forms _a diffusion resistance layer 31 of the
protectivedci FERRCites Wl lthes memasn c%i]dr -ai ﬁ%@“@%agfa&ﬂophéoé'l &¥ping 15

2 MOSFET. The inpurity dose is. 8 10 and the | ant atlon energy
580 Kev. | PROYBRSTRE F5RS anbi e T AENAE Y FRTORL ShRDR

.appreglated. &he gHtf%%l %fwggﬁﬁrolfﬁﬁé'the threshold voltage,'etc

has already been completed by this stage.
- -Next, as shown in EigUreVGy a photoresist_film 28
lei_is se1ectiVely forﬁedIOVeﬁ-the-suffaée of the pfgtecﬁive :
 :§ifcuit alone, by a photolithographic pfoéess. More:
_specifically,-the.photoresist.film'28_(1 pm)-iS-forMéd only
-over_thé fegion-A in Figure-4.n'I§n implantatiqﬁ-isfthenV.s
"effécted using;this:pﬁotoresist film 28'as-a'ma$k,.ih order
'L i5' to form_N—ftype-diffusion 1ayeré 29-Whicﬁ-éc£ as source
;_and_drain regions in the ﬁemory éell._ This ion implaﬁtation
'ﬁseS'phOsphorus ioné as the N-type impuriﬁy, fcr examélé. |
'&/' . The]impurity-dose.is,l x-.__101-4'/cm-2 and_the'implantatibh
| | energy is 50 KeV. Arsenic ions can be used as the
20 impurity.

Referring to Figure 7, the photoresist film 28 is
-removed,.andgthen'N-type impu;ity ions:such as'arsenic'.
%ions are implanted to form an.N+;type layer 30, .and hence

'-.é'doublefdiffuéed drain structure. This ion implantation
25 also forms a diffusion“resistaﬁce-layer'31 of the protective
circuit;-as well a$ a source-dfain'region 32 of the clamping

2

MOSFET. -The impurity doseis '8 x‘lOlS/cm- and the



he Ty med froma polysilicon |layer, e.g., fornmed over 5 the sem conductor
.ggzg ate. As can be seen fromFigures 6 and 7, the protective circuit has

a~siegl e-di ffused drain structure while the internal ‘circuit (menory cell) .

has a doubl e-di ffused drain structure.ysin this case, the-photoresist film
28 is 10 selectively forned to preven} the inplantation of the N -type
phosphorus ions into the protective circuit. However, the inplantation of
phosphorus ions into the protective circuit can also be prevented by A=
controlling Ghe186RaRiRe ehd:Re 1an doTHEAN! iRy dotisneaseanni ng 15
of the region ncluding the protective circuit, i.e., region Ain Figure

4).  This isysghatkvehy gapurhiagause the el ectrostatic protective circuit

is usually forned in a certain region around the periphery of the chip, as
shown in Figure 4, ardca® ibdhidpdrddimtest) ithd antfafuisdonmaesiest2 damited
by avoi ding scanning this region. After the electrostatic protective
circuit of the forgkea- diriusepalryail istarudtayes: ,ared a-he fioxmedhalvesi rcuit of
t he doubl e-di ffused drain structure have thus been forned, a - L
phosphosi I5i cahe gladsohiduntcRSGuUkdtYatd33 and an 25 - al umi nium | ayer .acting

as a third conductive |layer are fornmed as shown in Figure 8. The al um nium

| ayer acts as an ouPsucad & SRR F I FIRE SR 1 fhidon + S RFCEECtiNe
out put electrode 35 for the interngl. circuif, a source-elec L_de;%?, and a
data |ine 37C3ECHRE Rafordy Sddigle A ifdusett PSE T iSThuSFYrS ,the -

phptoetChlngih%e%%%q %%QEE}E (memory cell) has a double-diffused drain

structure. In this case, the photoresist film'28'is
ld 'selectively formed to prevent the implantation of the
N -type phosphorus ions into the protective circuit.
However, the implantation of phOsphcrus.ions into the
protective circﬁit can also be prevented by controlling
the scanning.of the ion‘impléntation (by avoiding scanning
15 of the region includinq'the protective circuit,'i.e.,
regioh A in.Figure 4). -Thié is relafively easy because
the electrostatic protective ¢ircuit is usually formed in
a certain regioh around the periphery of the chip, as shown
in Figure 4, and so inhibit the ion implantation may be
20 1limited by avoiding scanning this region.
| After the elegtrostatic protective circuit of the
single;diffused drain structure and the internal circuit
of the double-diffused drain structure have thus been
fofmed, a phosphosilicate.glass film (PSG film) 33 and an
25 aluminium layer acting as a third conductive layer are
formed as shown in Figure 8.  The aluminium layer acts as

an output electrode 34 for the diffusion resistor 31, an

.,
~

o



contact holes for these el ectrodes, and al um nium sputtering 5 is done to .
formthe electrodes. Finally, a PSGfilm38 is forned as a protective
film Figures 9 and 10 are schematic plan views . of the electrostatig
~protective cireuit -and internal circuit jofy Figure 8, respectively. _ _
section along the line B - B 10 of Figure ™9 and a section along theXQ#ae C
- C.of Figure 10 correspond to the protective circuit region and the

internal circuit region of Figure 8, respectively. In Figure 9 is shown a . -

“bondi ng" pad 4Qu ¥ iF1tiddays Ak fdle amidiidl RAMIGR, & clald hol e
42, and. a 15 diffused resistor 43. Also shown is a clanping MOSFET 44

whi ch .consi st 1@fctardRgiW) 4nd ARALd fle@7 igraldne nenidtsy Gdifusatter
resistor 43, a gate electrode 46 and a source 47. The region 45 is
.connected to ahealRsd rHilm [Sgna fdmed5BHduceugih icontiac usedbAo @ukn he
alum niumsignal line 20 45B is electrically connected to the internal
circuit. Sinilcantactt thelssurfor £hdse cdmwotasest,;o amd @ liamimiivm |Spve: siEng
‘through contacts 47A, and one end of the alum niumline 47Bis connected to
‘the'gate el 2ctitodenchitoudiora dhet adedgoddis-h tHaadilyor seR$Cefiitlneds 25
In Figure 10, a boundary line 50 of the field oxide filmdefines the active
regi on of .t he ifedOrede(as 3o idF oL g5 yistld-l i ne silicon word line 51

sorresponds to the | psdiigsleatuody gld DR MRRRRL Sy cuaialld naet |1 con
an alu”iniun‘@f@gﬂng%é%iéfifgﬂéﬁifdéi%ircuit and internal circuit of
¥J} - : _ FigureZS,hrespectively. ‘A-section along the line B_; B
10 of Figure 9 and -a section along the line C - C of Figure
10_correspgnd-tozthe protectiye circuit region and ;hé
L intefnal circuit region-of.FigufeuB, respectively.
 :In.Figure 9 is shownia-bonding pad 40, a_diffusion
"_laYer 4i-for an'input'pOrtion, a. contact hole 42} and a
"1_15}-diffuséd;resiStor 43. Aiso shown is a clamping MOSFET 44 - :
o which. consists of a_regidn{45”conneéted elecificaily.to.
~ ‘the diffused-resistor~43; a gate élegt;ode_46“and-a'source
. 47. 'The'reéiqn_45.is cohnected:;q én”aluminium_siQhal line
. 45B through contacts 45A, and the*alumihium signal line
20 45B is electrically connected to the internal circuit.
:-_Similarly, the source 47 is connected to an aluminium line
47B-through-contécts 4?A,-and one;end of-thé-alumiﬁium line
47B is conhected to the gate électrode thréugh a contact
- 48, with the Other,end.earthed.
25 In Figure 10, a boundary line 50 of the field.oxide
film defines the active region of the memory cell, and a

polycrystalline siliconlword line S1 cortesponds to the



tact. hole 54 of the data line. 5 Figure 11 is a graph of typica

i mental data conparing the electrostatic destruction voltage of a
~et’ective circuit with a single-diffused drain structure and that of a
protective circuit with the doubl e-diffyded drain structure. The percentage .
accunul ative defect 10 ratio is shown along the ordinate, and the~

el ectrostatic destruction voltage (V) along the abscissa. The segnented

line a denotes the data fromdevices having a double- diffused drain ;-
structure, anghdde QM PMLbF | ife bMOgFBT{ r 0P 1 Per oA CEShdAYiNfcén 52
singl e-di ffused drain structure. 15 The voltage resistance of the sane pin
of five sanplesivas iR dhd teTastbedesest f tinan ¢heagitph dhatha
.protective circuit with a single-diffused drain structure exhibits a nuch.
better el ect meicaty calest rared | am abhhagium Asl elescodd et abowea red nce 4 he
protective circuit 20 has a single-diffused drain structure and the

i nternal cirocwntavds holdo i eofli thes@atarbimestructure, the electric field
concentration in the internal circuit and the electric field concentration
in the gate oxide fiBigwre thle I$ rat952Ryec M SAETCRH} eFrerinental dtrauit

can be reduced, 25 anelioratjing the problens of hot carriers and of ,
destructi on FAMRRELNEI the @l erskos s bppl deICTeCt prt&®Is vef @rcuit

to prevent the fornmtion of one of  the diffusion, er f.the
doubl o- a1 {1 UGG RIS (HE SEhT o R Br= T S L YRS Prich s GFRCHH B

¢a5|ly fabrl%&&F%ﬂ%&Eg¥h§m££g%gé€9§epgg£gﬁit with the double-diffused

drain structure. The percentage accumulatiVe:defect

10 fatio is shoWnlalong the ordinate, and the.electrosﬁatic-
destrﬁction_voltage (V) along theiabscisséf Thé segmented
line a denotes the.dataifrom devices having a double-
diffused draiﬁ structure, and the segmented line b data
from the devices having a single-diffused drain structure.

15 The voltage resistance of the same pin of five samples"
was examihed;- It_can be seen from thé graph that a
protective circuit with a single-diffused drain structure
exhibits a much better electrgsfatic destruction voltage.- \J

As described abdve, since the protective circuit

20 has. a single-diffused drain structure and the internal
circuit has a double-diffused drain structure, the -electric
field concentration in the internal circuiﬁ and the electric

 field concentration in tﬁe gate oxide film of the first
stage MISFET of the internal circuit can be reduced,

25 ameliorating the problems of hot carriers and of
‘destruction voltage.

'Since a mask is applied to the protective circuit



Ilthographlc step. 5 - “Alternatively a method may be used of IocaIIy ;

controlling the ion inplantation scanning to avoid the protective ci t.)
The protective circuit described above consists of one diffused res&éﬁ?}

and one cl anpi ng MOSFET, but this is.not 10 necessary and protecti

circuits may utilize-the junction breakdown in a diffusion Iayer and the
_surface .breakdown at the drain end of ‘a ELanplng MOSFET to inprove the -
- di'el e€sric breakdown vol tage may be used. Mbreover, the clanpi ng MOSFET
~can be repl acd® mrmtortfte/\dqrtMJJcon afi ages .of |U11e153.1ﬂﬂ11§.03’ﬁ$]faydﬂ’ke of
junction of the diode is between the P-type substrate and the N -type |ayer
formed sinul t &eoiauplgdififtised -dnaia .l der se30cBtwmtbriievSian | Ighisa
DRAM has been described as an exanple of the internal circuit, but the -
internal ci rcd1”t"e|n§"1?6‘t cA@ be fasdd %t §APIBRACRRY AN iandy onep g taed

with MS ele ?1 p'%‘ used which have at |east a double-diffused drain
structure. T § qﬁﬁ? 1§FEfeﬁHy have: a single- dlffused drain structure,

_aMHwtanSET r first . st em n ffer or to a’ :
- M SFET forming a 25 l%enrpa sltvla&;ié’ S & r?% a?[g oé) ally I agr ans. f or

such M SFETs Rhaythg ltlll‘?\gs e g 1%?)%%;%@1%% ‘ér %nn%%%t%ﬁe%t%#i" Sﬁhrl\élg S![:El-: :

forming the first stage “of an’inp and 't

final stage obr@Qe@ﬂumg éyﬂth& are shown in Figures 13 and: 14. .In Figures
13 and-14, reéspectively, there are shown an input pad 81 and an out put pad

82, and N _ The protective circuit described above consists of one
— - diffused resistor and one clamping MOSFET, but this is not
la.lo; necessary and protectlve c1rcu1ts may utilize- the junctlon
breakdown in a dlffu51on layer and the surface breakdown at
the drain end of a clamplng MOSFET: to improve the dlelectrlc
'.breakdown voltage may be used. Moreover, the-clamplng
MOSFET can be’ replaced by one Or two Junctlon dlodes In
f;sfithls case, the junctlon of the dlode is between. the p- type
substrate and the N -type layer formed simultaneously w1th :
the Nt —type layers 30, 31 and 32.
_ o . Slmllarly, a DRAM has been descrlbed as an. example of |
the 1nternal c1rcu1t but the. internal circuit.is not
20_-11m1ted to a DRAM, and other circuits provided w1th MIS
| -elements may be used. whlch have at least a double- dlffused
draln Structure. Thus,.the MISFET may have a 51ngle-
diffused drain.structure, applied to a MISFET forming the.
-first.stage”of an-input:buffer or to-a MiSFET forming a
'25'yfinal'stage:of.an output buffer. Circuit_dlagrams_for"such
‘MISFETs having the single-diffused structure,'abplied to the-

MISFET forming the first stage'of an input_buffer and the



ucture within dotted lines 83,84 represents t he S|ngle di ffused
tructure. Mreover, N-channel M SFETs of a CM SIC, where N-channel
SFETs are forned in a P- vel | region or a P- substrate nmay be used.

" Figures 15,16 and 17 show the circuit diagrans for. 10 such a CM SIC. The
structure within dotted |ines 85,86 and 87 has a single-diffused drain
structure. The structures of the M SFRIE 88,89 and 90 in Figure 15 are
shown in nore detail in Figure 18. The' N channel M SFET 89 has a doublae
di ffused dragnssit U@éﬂﬁ?nc%\ﬂ the anih1 typs%é aaeraé%@eﬁlué%ﬁtfapeafaygmow
which are forned in a P -type substrate P -type regions 61 act as
source and dimiPidegeodns3 odnd B4 P- chanpedud SFET &0af D4 petespeabideiyype
wel | region 57. The M SFET-88 has a single diffused drain structure with an
N -type | ayeth&be f areeshown tdae sSupst rpéé §5. and aim ocket 9dt hpsd 282 a sade
structure as the M SFET 88. Junction diodes 93,94 (Figure 16) 96 and 97
(Figure 17) the structupetwebhina dottggel supst it 84 apepreseype thgers such
as the Nestype |ayers 60 shown in Figure 18. The N -type layers 60 are
drai ns of hﬂ%F@H%eaﬁﬁféﬂ%e¢0¢ﬁéﬁns$ﬁ%¢?5%€%usly If a resistor 92 is 25

+ made of an N -type |ayer, sinul taneously with |ayers 60, the dlode

94 can be formed pParss? ?Eal¥ %?V%%nM¥ﬁ%E?%s¥§t%rC@§S Mo Yhete. type
substrate 5 ent_inventi ver..the N—channel M SFETs
Substrate SOy chablel o BhERE bt Fihed” inReF weLL | 2EgloRT8Ng! 2 ST

substrate may be used.

Figures 15,16 and:17 show the circuit diagrams for
10 such a CMiSIC. The structure within dotted llnes 85,86 and
87 has a 51ngle ~diffused drain structure. The structures of
the MISFETs 88,89 and 90 in Figure 15 are ‘shown in more |
detail in Figure 18. The N-channel MISFET 89 has a double-
diffused drain structure with an N+-type laysr 58 and
15 NT-type layer 59, which are formed in a P -type substrate -
56. P+-type régions 61 act as soﬁrce and drain regions of-
the P-channel MISFET 90 formed in an N -type well region 57.
The MISFET 88 has a single diffused drain structure with an iy
N+-type'layer 60. formed in the substrate 56. A diode 91 has
20 3 same structure as the MISFET 88. Junction diodes 93;94
(Figure 16) 96 and 97 (Figﬁre 17) are forméd between a P-
type substrate and N*étype layers such as the N+-type layers
60 shown in Figure 18. The N+-type layers 60 are drains of
MISFETs and are formed simultaneously. if a resistsr 92 is
23 made of ah N+-type layer, e.gq. simultaneously with layers

60, the diode 94 can be formed parasitically between the

resistor 92 and the P-type substrate 56.



source and/or drain- regi on of the M SFET 91 is .formed by an N -type Iayer

64 fornmed in self- al i gnment with a gate 5 el ectrode 65 and. an N -type
| ayer - 63 formed in self--alignment with a side wall spacer 62 and the -

el ectrode 65. ‘The M SFET 91 repl aces the M SFET 89, for exanple. Thud
while the foregoing description has been df: rected toa DRAM and its
~protectiye circuit, the present 10 . |nved on may be applied to ordinary

. MOS |ﬁtegrated circuits such as DRANVG (e.g., 256 K bits DRAMS), SRAMs, MOS

| ogic circuits, andIo %6y PFESPRits IayEntdan oMaveyeseethe) Wedanoel of UK
Pat ent -Application No. 84.32417 (published under No. 2152284) and 15 : E
descri bes mat tEPTEH S0 ddedden & ﬁtFHQFuéﬁpﬁnﬂﬂﬁ(%$ FAGUE® i16n |§hﬁherefore

d to UK Patent ljcati No. 84.3
sre%\/\l(r:]onguct or asoﬁltgggf\pp °%| rdg[]?llf’ dg\?llé’é‘ rr'rk?v?d %C#FETr'ng or"ssﬁr"f"?;ﬂ'?é1 by gn

sem conduct or NS-UQ%?ISEE%’qua\éI n%o%nel g, er].% M ?'gl%;l;le}legl d.rff' ! rSt ! rCUI t,

the at | east one having a used gate

“eFectrode 9 t bigicdeoml 1655 RAGES, gﬂ_eg?@e& e&eﬁgffBQﬁe%aH% glq trode, -each

drain-region of the at |east one M SF rising.a first dope region of

hi gh concent r atiiighmend ¥itBCandidePed1neaparedl s2elald ValkY Ja®¥ electrode
-concentratlon of the same conductivity 10 type as the first doped region,

and in contacﬁﬁmiﬂTthMIBEmﬂt9d0we@lhegbomheWMES$Em @9prQbQCbkﬁ®prﬂﬁent Of_.
‘a second circuit electrically connectedto the first circuit for
Thus, while the foregoing description has been
gg_.-;. - dlrected to a DRAM and 1ts protectlve c1rcu1t, the present
."10 lnventlon may be applled to ordlnary MOS 1ntegrated circuits
| such as DRAMS (e 9., 256 K bltS DRAMS), SRAMs, MOS logic
- c1rcu1ts, and so forth |
| ‘This appllcatlon has been d1v1ded out of UK Patent
'Appllcatlon No. 84. 32417 (publlshed under No 2152284) and
didi?- descrlbes matter also descrlbed ln that apollcatlon

Attentlon is therefore drawn to UK Patent Appllcatlon No.

84 32417,



protecting the first circuit froman external surge-voltage introduced

t hrough an external ternminal, has a doped region-15-eof—ahigh—concentration -
supstantially the same as the first doped region and of the sane

cofigctivity type and no region havi ng a co ﬂmn ilmumlmuhndut:ti,vi ty
t substantially the sanme as the se ohd d [ 4 ichis in

act with the region of high concentration® of® t e profec?ive 20 .,
el-ement, wh ‘he region of high concentration of the protective elerent
is formed si,ul taneous|ly with the firs d lon, eLe| he . .
~.second doped Teqi or}‘h_siesm%/coornrr%%c%gn]?s]é ‘%%E?é%?re%ég‘%“?ﬁ ?%ggﬁg?e%gk{ég%]r g' e_fil
and the fir dar [ on.4 s, f4 ' $-align i th:ope . of 25
e | Ha P O S SLgRbohuGELE BLbGPTROL MhaiRgeafl JblEc?S
~according tQd qiyBraT WeF e Nefhe TE{SEupt] CthE hE 8BabBIBRBAMIGKFEGUI T, and
the second * C L M S *circuit is an electrostatic
protectige qidFitHd -a Jiffudededt £ON0LESDbn lexhgeaagaedengctPoakaiti, ,
wherein the electrostatic protective circuit includes at |east one diffused-
resistor andiale @Sl $pecet anpn ngidhse eseaenbf Bhe date eMedifodendeathr
devi ce according to claim3, wherein the diffused resistor has a high
concentrati adrsithsteanioal ¢f the sankeasttbepef MISFERoOpedpeégiog andimet
regi on which has a conductivity type and concentration substantially the
sane as the dGmsrhdrepenl efghbeh goncentrationeandondaerondddeped zegardi ng

to- claim3 or_claim4 having an input bonding _pad, the resistor being
el ectrical | ypf relatively low concentration Of the same conductivity

10 type as the first doped region, and in c&ntact with the ~
fi;st doped region,'wherein a protective eleméntlof a second
circuit éléctridally connected to the first circuit:fér

:protecting the first circﬁit from an external.sﬁrge voltage
introduced through an externalrterminal, ha§ a doped region

15 of a high concéntration substanﬁially tﬁé same as the first
doped region ahd.of the same conductivity type and no region
having a concentration and'conducti&ity type substantially
the same as the second doped region and which is in contact
with the region of high concentration of the protective k?

20 element, wherein the region of high cbncentration of the
protective element is_formed simultaneously with the first
doped region, and wherein the second doped region'is.formed
in self—éliénment'with the gate electrode, and the first
doped region is formed in self-alignment with one of the

25 side wall spacers and thé gate electrode.

2. A semiconductor device according to claim 1, wherein .

the first-circuit is an internal circuit, and the second



connected to the internal circuit and to the bondlng pad’ 6.

- semi conduct or device according to-any one of cI ein tre _
internal circuit has-a dynanic RAM 15 el enent. ‘m !{ ﬂctor ige
substantially as herein described with ferencest oca trated

r
~Fig. 19. 8 A nethod of fabrlcatlngt sem conduct or deV|ce havi ng at

| east. one ‘M SFET for- a first circuit, the at |east one-20 M SFET having a
di f fused dralﬁlrégiénlénénaeééFér@ﬁé@ﬁﬂ@d@nmﬂﬂ¢ﬁmWﬁaQMﬂqukﬁmwers on either
side of .the gate el ectrode and a protective el enent of a second circuit
electrically’ éonnec@eéeﬂécPﬁéuFFP§td@Wﬂ@GlPCF&Fq&qﬁeﬁﬂ|Qﬁfkﬂu¥¢|WQﬁreln
circuit froma

t roduced t.h 2 t |-
Cerminal | thecher S1EERAosEAEAE BRPEAAES YBs 1 e AT o eR Y R of
‘a sem duct gt t.rate. th t.h | ud di ff
B Sor ot 8RRk g.% b B LA G
M SFET, the fjyrst dﬁpﬁgml%%gﬂct&%'r” c*%%c%?’&i &% d'cfi[]éﬁgds be&ﬁl&éﬂ{ med

in self-alignmént wth one of the SI spacer

el ectrode, angdphthg;geaqad Q@B%@tb%gh%@ QﬁHﬁéHﬂbdﬁééﬁﬂﬁéﬂﬂbd(§Mbstant1ally
~concentration, of the sane conductivity typ€ as the first doped region,

being in cont'apt whhbe ke thiel $tirédepadpedir@iyicNtleiny fefidd which has a
self-alignment with the gate el ectrode; and form ng by diffusi.on a doped -

- region of 10 tbﬁdpccﬁedt&Veypbemamtpdwmentﬁaaidnxﬁumxdaﬁuﬂpﬁkyruhh'same-
si mul ataneously with the first doped region and having a -
as the second doped region.

N~ 10 5);': A sémicbnductor_dévice according to claim 3 o} claim 4
':'haVing an.input-bondiﬂg pad, the reéistdr being electrically
 .¢bnné¢ted_to-thé internal circuit_and to the'bonding pad..
-:6, A semiconduct¢r dévice'acgording to any'one'of claims
2 to:S,uwhéréin the_internéi:ciréuit has a dYnamic.RAM
ff15 .élement; o | | | -
:'7§  A'SemiCOnducﬁor dévice substantially:és“hérein
:deséribed with“féferehce to and as illustrated in Fig. 19.
: 8.-'. Avmeth§d of fabricating a'semiconductbrfdevice having
N at 1eastf6né MISFET for a first ciréuit} the at least one
_20 MISFET having a diffused drain fégibn and a gate electrode
witﬁ side wall spacers on either side of the gate electrode
. o and;éjbrotecﬁive element of a second CirCuit eleétrically
connected to the first circuit for ptdtecting the first
'ciréuit from an external'sﬁrge voltége iﬁtroduced-through an
25 ~external terminal, the first and Second3circuits.béin§.

formed in a major surface of a semiconductor substrate;

the.method'including:



-

concentration substantially the sane as—the—first uuped region

In no region of the protective elenent is formed

Centration and conductivity type substandj“ n J i as the second
doped region and which is |n contact wifh t concentration
of the protective element. 9. A et hod accordlng to claim8, whérein a

mask is 20 formed Pefﬁaug&f%gea% ugisﬁumeg ghdt SekBad ao%h %qqfontshe

second’ doped regi on, 'S renove ter the forrmation “of

second dopedgg£oipd @yélbefegeoﬁheffehaah'tomeefstt baef Mx%tFaquecﬂler Qg'r%'% " 10.
A nmet hod according to claim wherein said mask-is 25 nade froma -

phot oresi st dépsd ddgionAodBh§odsaneghdiBackn teladiiong antheeding tefta eer amd
di ffused region is forned by 1on inplantation scanning over =~ only the
first circuiselfrndlipmént swidhf dbneedfr eheos ided whlld ﬁ@@c@msohdm gthe
concentratlon of the protective elenent are formed by ion inplantation
scanni ngSovegatéeebactredsur fndetbe skeondvidoped Fegizn bedngedfod
according to any one of clains 8 to 11 wherein the first circuit is an -
internal C|rEﬁlﬁtl&ﬁdyseednGOBFPBGF?tP§nan°§Ié@@r@ﬁﬂ%|99ﬁﬁqﬂﬁﬁﬁﬁRﬁatYPe

circuit. 13. A nmethod according t Qne qof clains 8 t.0 12 re|n the
first and seﬁ%nﬁhﬂoBéHsFeéPBﬁg gﬁdop §3H8d 110 CHEGIn Yot tq1ﬁﬂéwqg |

Fﬁgfgg:;?f;ﬁg Ofdtpgggggteg%hvgeghgn?orme r%ne%%qff%ﬁm%%ﬂaﬁﬂ(ﬁkth the

gate electrode; and forming by dlfquLOn a doped region of
10 the protective element, the doped region being formed | d' L
siaulataneously withjthe first doped region and having a.
high concent;ation substantially the same as the:first doped
region;
wherein no-regidn of the protective eiement is formed
15 which has a concentration and conductivity type substan-

- tially the séme as the second doped region_énd which is in
conﬁact with the region of high cpncentratioﬁ of the
prdtective element. |
9. A method accordiﬁg to claim 8, wherein a mask is ;)

20 formed over.the second circuit prior to the formation of the
second doped region, and the mask 1is removed after the
formation of the second doped -region but before the
formatiod.of the first doped region. |
10. A methed according to cleim_9, wherein said mask is

25 made from a phptoresist film,
llQ A method aCchding_to claim 8, wherein the second

diffused region is formed by ion implantation scanning over



14.. A method according to clai m 13,  wherei n-t—hgﬁﬁim;ﬂh‘regi on is an
N - Iayer formed by ion |nplantat|on of phosphorous ions, and the fi

doped region and the region 15 of high concenummmm ot ect |
el-enent are N1ayers formed by ion |rrplantat| HH" em
e

‘met hod according to any one.of clains 2 *wher di n®t he ctrostatlc .

- protectlve circuit is positioned at a perlpheral portion of the:

- _sem eruluct OlofHP YA Lt aéh?@upéfsaﬁdamanﬂfﬁsetmffusea region and
 the region of hlgh concentratlon of the protectlve element
are formed;by_lon implantation scanning over the entlre-.
surface'ef_the device. |

. - 12. . A @ethod aeeordingmto any one of claims 8 to 11
-whereia the first circuit-is-an ihternai circuit/_and secend
circuit is an electrostatlc protectlve c1rcu1t._ .

- 13. A method accordlng to any one of claims 8 to 12,
QJ - whereln the first and second doped ;eglons,.and the.doped
o 110 ‘region of high CbncentfationsoftthethoteCtive_element, are
' each formed'by:ion'implantation. |
14. A method accordlng to clalm 13 - wherein the second
doped reglon 1s an N~ 1ayer_formed by 1on.1mplantat10n_of
.phosphorous ions, and the firstadopea regioﬁ and'the.regipn ;
'ilsh.dfehigh concentration:of the prptective'element are Nf |
llaYers formed bj‘ioﬁ implantation of arsenic ions.
15, | A-methOd'according to any ene of claims 8 to'ld,_“
. wherein the electrostatlc protectlve circuit is pOSLtloned
at a perlpheral portion of the semlconductor substrate in an

20 offset arrangement.




