2152284 SEM CONDUGTOR DEVI CE AND METHOD OF FABRI CATI ON THERECF The present

/rﬁVQQtlon relates to a sem conductor device having two circuits 5&5, S

m onduct or substrate and to a nethod of fabrication of such £ %gﬂm
raturisation of sem conductor devices (1Cs) has 5 been attenpted to

I ncrease their operating speed and |qprpve their integration density:. N(ég,

el emrents (MOSFETs), which are typical exanples of MS el enents (M SFETs),

are no exception. To mniaturise MOS el enents, the thickness of their gate
oxide filns has been reduced and the | ength 10 of their channels has
beconme shorter and Shgéﬁfconﬂﬁt@oﬁﬁﬁe&ﬁtahm Mdioyeby strong electric
field is generated wt injectron of hot carriers
into the gate oxi de fil moccurnprachdtenttreakord vol tage shifts or there
I s a degradation of nutual conductance. 15 A doubl e-di ffused drain
structure such as that shown in Figure 1 of the acconpanying draw ngs has
been proposed to solve these problens. Figure 1 is a section through a
typi cal N-channel MPREEprefeRt vimvesitiemnrekatesntochosesilssimdtatalr has a
silicon dioxide (SiQ2) 20 film2, a gate oxide film3 and a gate el ectrode '
4 formed thedewﬂcelhaandgrtwo|uannuat$eosttbﬂgsemecsemachnﬂuthqrthe
proximty of the drain, both drain and source have a double-diffused drain

structure cosebstirageohndnth & yrthed o f sEabrpRasERr Gfs SUSh #hFigruit. .
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Miniaturisation of semiconductor devices (ICs) has

5 been attempted to increase their operating speed and

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 gete oxide films has been reduced and the length

10 of their channels has become shorter and shorter. This
meaﬁs that a relatively strong electric field is generated
within the device, so that injection of hot carriers into
the gate oxide film occurs, and the threshold voltage shlfts
or there is a degradatlon of mutual conductance.

— 15 , A double-diffused drain structure such as that
shown in Figure 1 of the aceompanying 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 (Si02)

20 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 arsenlc (As) (refer for exanple to the arlcle by E Takeda, et aI
entitled."An As-P (N+-N) “Doubl e Diffused Drain. MOSFET" for VLSI's", y
publ i shed in the Digest of Techni cal Papers, Synp. on VLSI Technology C&E)
Q.80 Japan, pp. 40-41 5 (Sept. 1982)):. A protective circuit is usual
forw®d .on the same seni conduct or subsfrate to protect the MS element from:
_abnoﬁﬁ&l S|gnals fromoutside the IC. As shown in Figure 12 of the o
~acconpanying. drawnngs .the protecthe “circuit 10 (e.g., electrostatlc

' he d h '
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| ect f-ode of &l h t 10.
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of Figure 2 o cconpanyi ng -8 s a typl rote

used for protgglddyg C'sffﬁ-h’%t Soﬁ)t@ﬁélt'f&?hﬁafoﬁgm éﬁ’sbveJ baaY EPte&-ﬂ”

internal .circuit 20 A si gnal e |nterna C|rc I's applled
10 a .bondigg mgggktrqgg@h)a di ffusion resistor 10, one end of which is
connected to the pad 8, and a clanpi ng MOSFET 11 whose gat.e and source are-

‘earthed i's connect ed A (pidieedtieéi oirbeivees tbgalegi sbemedOoangnehgame
tnternal circuit. 25 The inventors of the present invention have

produced sanplsenmssrbrdnstiet csulsevrats bd prdpobtetHef Musedlémeht Sromct ure,
and have dlscovered the foll owm ng problem
: abnormal signals from outside the IC. As shown in Figure 12

--.K{-f of the,aceompanying_drawings, the prbtecﬁive_ circuit
10 (e.g.,.electrostatic_prbtective circuit) is eifcuiteto
_ prevent the destruction of'theigate_inSulating film of.a _
MISFET 71 oﬁ a fiist etaée.invexfer,Ge,_theﬂgate electrode
~of whiph_ie connected to a'bonding pad 8 through-a-'
resistor-io. Destructlon occurs when electrostatlc.eﬁergy
15 is applled to the bonding pad |
A circuit such as that represented by the equlvalent
c1rcu1t dlagram of Flgure 2 of the accompanylng draw1ngs is
N | oa typlcal protective circuit 9 used fornprotectlng circuits
other than the'protective_circuit, e.g. an internal_cifcuif
.20 of_an I¢.' A signal to the.inte:nei circuit_is applied to
 a bonding-pad:8 thfough”e diffusion resistor 10, one end'of '
which is cppnected.to the pad 8, aﬁd-a.Claﬁpiﬁg MOSFET 11
.whese gate_and source are earthed is cbnneeted to-the
junction-between the resistor 10 and the internal circﬁit.
25 - The inventors of the present invention have_prodﬁced'
"saﬁple semiconductor devices_of a double-diffueed drein_'

structure, and have discovered the followinq-problem,

fve cirfcuit 9



N this sem conductor device, the ,protective circuit 9 has also a _
bl e-diffused drain structure. A section through the circuit 9 is shown
Figure 3 of the acconpanying drawings. .A P-type sili-con sem conduct or
substrate 12, has an isolation SiQ2 film 13, a resistor 10, '‘a cl anmping
MOSFET 11, a source region 14, a gate gxide film 15, a gate electrode 16, a
phosphosilicate glass (PSG film 17 and 18 an al um ni um el ectrode formed’~ |
thereon. Both the dirhf 4$8% R%iHdHauldk N dddiees Ot &k + 1 981 @NscdPr of

t he source and drain regions of the clanping MOSFET 11 have a SRR
doubl e- di f f ugeda€r ailBoSar WUl -EITF HEE idtait! sy dwird. -A ypect syer and
an N -type layer. In the sem conductor device of this kind, however, _
destructi on ehrbheh nbel ativegifd [9micf shddSERT FigyusenB aoflStHe r st st age

i nverter and having a double-diffused drain tends to occur. This is because
t he backwar d abcempdowi ngoldrags ngts -t héd jRirigtpers idfi oV SiFblc ¢l weled r and
having a double-diffused drain rises, the electrostatic energy is applied
“to the insul aubag§ratemlBef bog ian d&Pladdion P2 HubskI ate tasistakdown of
the clanping M SFET. The present. invention seeks tq overcome, or, at | east ¥
anel i orat e t Re§e2PpPIBGeMOSEET drloviddiSRPHGE £994dt khpett9ate i nduct or
integrated circuit device, fornmed in a _nmjor surface af. a sem conduct or -
Substrato. hEdLRglGr PedBter @ lorETASS APt G BIGTHGS T 1<ARE T14R5 afPiGhst -
one M SFET h%\ilhn“g 19 g.'n]:if li%e%ndra iU néleecatcrr})dder afonrn[teecigI-tonneroezorg.h e at

Both the diffused resistor 10 and the semiconductor regions

10 of the source and draiﬁ regions of the clamping MOSFET 11
have a double-diffused drain structure, and consist of an
N+-type layer and an N —-type layer. |

In the'semiconauctor device of this kind, however,
destruction of the insulating film of a MISFET'férming a

15 first stage inverter and having a double~diffused drain
tends to occur. This is because the backward breakdown
voltage at the junction of a MISFET (Diode).and having a
dOublé—diffused'drainlriSes, the electrostétic'energy is
applied to the insulating film before it can leak to a

20 substrate by breakdown of the clamping MISFET.

The present invention seeks to overcome, or at least =
- ameliorate these problems, by providing in a first aspect,
a semiconductor integréted circuit device, formed in a
major surface of a semiconductor substrafe,fhaving'at least
25 one MISFET for a.firSt'circuit, the at leésf one_MiSFET

having a diffused drain fegion, each drain'région.of thé'at



4 .l east one NISFET'conprising a first doped region -of high concentration
and a second doped region of relatively Iom/cohcentration of the sane
“-conductivity- type as:the first doped region, the first doped region bei ) -
wi thi-n'the 5 - second doped region, wherein a protective elenent of a s 40 d/
ciro#it. electrlcally connected-to the first circuit, for. protecting the
- M'SFEF-from an exter nal surge vol t age I g roduced through an external
;tern1na| ‘has a doped region of a high concentration substantlally the sane
10 as the firsiegapesha agi SFERNEbir { $ien § aarer cHOEUGSpuat ye§YoR 880hAgh
-region haVIng a concentration and conduct|V|ty type substantially. the sanme
~as the second glaqeash 08¢ {bh ikl Wi Sdcdnd | dopedt Begivn t &f t helaegirebyoloki gh
-concentrati‘on of the protective el ement, wherein the region of high concen-

15 tration of dd}&:emﬂteﬂﬁicbn/eoﬁlmmmmms dmdmdtsvntﬂrt'aymue‘aythetﬁlthe
first. doped -region. The second circuit may be an el ectrostatic protective
circuit Wwhich,depedengiord v rsr cdeped régisnrkeingreithinr thedamage
due to abnornal external signals. . Such 20 a device reduces de radatlon of -
“characteri $t i csechrd tdopRA %RF F9Rr SWheFRi Al 3 PFREREELVecalanaREoRfoP the
destruction voltage, In this. may the field intensit

oxi de fil'mof $LPRAF HICMEBFEe et Pl B TRRISCHRS %?2@%%?9FﬁgggF%gﬁug?$oe'

Boveees 1" A8 ES AR SnIHEFRE e 3R" bt LkBOr R oTLEgRICt O

. voltage 1ntroduced through an external termlnal, has a.
e .doped-reglon_of a high concentration substantially the same
| | 10 as the flrst'dooed.region andlof tne“same'cOnductivity;type__'l
and'no region having a concentration and"conductivity'type
substantlally the ‘same as the second doped region and whlch
. is in contact with the reglon of high concentratlon of the
-:protectlve element, whereln the reglon of hlgh concen-
15 tration of the protective element is formed 51multaneously
with the first’ doped reglon. | | | |
The second c1rcu1t may be an. electrostatlc protectlved
circuit which, as_mentloned above, protects the first
Circuit'frOm'damage dne'to abnormal external'Signals. - Such
20 a device reduces degradation of characteristics due to hot
. carriers, and also reducésfdegradation of the'destruction
'3§oltage; In thls way the fleld 1nten51ty actlng ‘upon the
: gate oxrde fllm of ‘a- clamplng MOSFET may be reduced
| The present invention also prov1des, in a second :
.25 aspect;-a method of fabricating_a semiCOnductor device
having at least one MISFET for a first circuit and a

protective element of a second circuit electrically



having at |east one M SFET for -a first circuit and a protective el enent of
'second circuit electrically: connected to the first circuit for
Xecting the one M SFET from an external surge voltage-introduced through
xternal termnal, the first and second circuits being forned in a mjor
ace of a sem conductor substrate; t he met hod i ncl udi ng; Y
forming by diffusion first and second _doped regions for the at |east on&™ -
M SFET, the first doped region being of high concentration and the second
doped regi oncbehegtefl tel &hevéliystowicondienifoat iproteaft inge tdemone
conductivity type 10 as the first doped region, the first doped region

bei ng wi t hi nMERBESefuny dopedtesgirdnsuage Voltage by tdioduesidrihe alupedan
region of the protective elenent, the doped region being formed

si mul t aneousEFERFRALt KETRLAL s dsPed EAE§toRDEn GCRNch G 18 TMidts &eideht r at i on
- 15 substantially the sane as the first doped regi on; wherein no regi on of
t he protectigeréﬁénéﬁtai@aﬂBFnéﬂrﬁﬁFEhoﬁaé SR ROBRUCHOTo P UlRF t&fifuct i vi ty
type subgtan- tialg t he gaﬁe.as the second doped region and which is in i
contact with the r é?oﬂeB ©Ri JASLBREBR rati on of. the 20 protective element. *
The two diffusion . S Of 1 [ Clgl: cul t Y | t her. first

e i fior by, ALERLSTonrSiE st oF asterfl BheR icHS

maski ng the second Circu ormafion O usi ayer

and then renpyingnbhge Makst0bnBY MISFRE!, | ¥hel 81 ristP lGRpledl QY it HY iy

of high concentration and the second doped,regibn being of
relatively low concentration, of the'same.condﬁctivity type \j
10 as the first doped. region, the first doped region being
within the second doped region; and ;
forming by diffusion a doped region-éf the pfotective
element, the doped region being formed.simuitanéouSly with
the first doped region and having a high concentration
15 substantially the same as the first doped regién:
wherein no region of the protective élemént is formed
which has a concentration and conductivity type'substan-
tially the same as the second doped region and which is in o
contact with the region of high concentration of the
20 protective element.
The two diffusion layers of the fifst_circuit may be
.formed either by first masking.the second circuit for the
formation 6f the first diffusion layer, and then removing
the mask, o;_by selective ion implantation scanning.
25 .Embodiments of the invention will now be described in
detail, by way of example, with_reference“tO'the accom—

panying.drawings, in which:



'25 ~© ' Enbodi ments of the invention W | nom1be descri bed |n deta|I by -
way of - exanple with reference to the accom panying drawi.ngs, in mhlch

Figure 1is a section through an N-channel- M'S elenent with a S
doubl e-diffused drain structure and has al ready been descri bed; Flgure 21s -
an eFEctrlc equi val ent circuit diagram of - éy an exanpl e of an electrostatlc
protebf1ve circuit and has already been descri bed; Figure '3 is a section

t hrough a device corresgondlngato the-e U|vglent circuit of Flgure 2 and

has al ready been desEtPBES; F uPe53°t§ 8 SPERUGRedRoN- Shaéﬁﬁ&pmé of the
hip 5 1t t f DRA| ct tat tect t

andlan i hrer neBPRE FAbh Fototile"aineRRaR FRARSHREPARES BRELMEES 0 b

are secti-ons tgi?%g§6abégglﬁgggyggg? deV|ce, showi ng' t he fabrication nethoq e

in accordance W I ment "of the present. invention; Figures 9

and 10 are schenati CF%!;GPevbeW?, Qﬂréiéctb?%db&gﬁgléﬁ@ EHEEEE‘ESEﬁ%ngam of

pl’ ot ect| ve ci I’CUI t an the internal circuit - Fi gure y- respect| Vel Y,
Figure 11 |5 aaﬂréﬁbmﬁieeéﬂeéhmméétrbgﬁﬁltﬁ.é §bewveeelve 01rcu1t and has

,5
' already been descrlbed -



'-15 the di el ectric breakdown voltage of an- electrostatlc protectlve circuit
singl e-diffused .drain structure, conpared with that of an

ostatlc protective circuit with a doubl e-diffused drain structure;

e 12 is a circuit diagramshow ng an electro- 20 static protective
c™¥cuit and a specific internal circuit protected thereby; Figures 13 and
14 are respectively circuit diagramstshow ng the present invention appli&d
"to a M SFET conposing a first stage of an input buffer and a M SFET -

- conposing a 25 final stage of an output buffer. Figures 15, 16, and 17 show
circuit diagrans OFigiM&| ESienbodgchgonhthpregbng devdas cuormspdrdiure 18
is a cross sectional view of part of the circuit of ~the circuit of
Figure 15 duxdvhi reguibvalentscisrnihgefieRignrei 2sandnbed mdnteaddy deen

sem conductor device and a 5 nethod of fabricating it- in accordance with

t he presentdgsfeeedn will now be described with reference to Figures 4 to
10. However, such descrlgtlon exenplifies, not limts the invention.

Figure 4 shows an %k%%ﬁ?e oiStAePLafoliieBr Of aRi pxedple of Ahe M random
access rrem;ﬁéi accordance _w.th oge enbidlnent of the invention.

The DRARN cAFGIR{TD Brg¥iged WbF t 8Bt PYECEEPSHAL S Rrokesdd eor

each bondlqgﬁfad 8, a nal geneiatlon c CU|Eh100 whi ch generates read
and wite t 9ﬁf%|iﬁgﬂ§ tpgsrng nﬁﬁﬁ??l € same semiconductor .

substrate;

i

Figures 5 to 8 are sections through_a sémiconductor

device, showing the fabrication method in accordéhce with
10 one embodiment of the present invention;

Figures 9 and 10 are schematic pian views corres-
ponding to the electrostatic protéctivé circuit and the
internal circuit of Figure 8, respectively;.

Figure 11 is a graph of experimentél results showing

15 the dielectric breakdown voltage of an electrostatic
protective circuit with a single-diffused'drain structure,
compared with that of an_electrostatiq prdtecti#e circuit
with a double-diffused drain structure:

Figure 12 is a circuit diagram showing an electro-

20 static protective circuit'and a specific intérnal circuit -
protected thereby;

Figures 13 and 14 are respectively circuit diagrams
showing the present invention applied to.a MISFET composing
a first stage of an input buffér and a MISFET composing a

25 final stage of an output buffer.

Figures 15} l6, and'17'show citcuit diagrams'of

CMISICS embodying the present invention;iand

Figure 18 is a cross sectional view of part of the circuit of



15 array 101 in which MS elenents are used as nenory cells, and colunn.
and row decoders 102. Figures 5 to 8 are. cross-sectional views show ng, .
st'ep- by-step, the process of fabricating a seniconductor device being an :
“enbodi nent. of the present invention. The,20 protective circuit is sho
on. tke |eft of each drawi ng and a nenory &el |, which is part of the .
intectrdt circuit, is shown on the right. Flgure 8 is a section through a
conpl.eted .sem tlon ddCCwirt deiigare dbdaddoyding t8° arfirdd atengabasat i ¢ plan
views of the sen1conductor device of Figure 25 8. Figure 5 shows the state
I n which the process. has been conpleted up to the formation of the gat e
el ectrode of the MOSFET of the DRAM This state nmay be conpl eted by
conventi-onal ‘techni ques shown in Figure 5 are a seni- conductor substrate

20, a gate oxide f|In121 and a gate el ectrode 22. The seni conductor -
substrate 20 is, e.g.? §lPSFy5@bﬁéﬁ88P§sP§IPlﬁéméFPPéBﬁt§Eb§FVaF§ Radi Ag a
(100) 5 cr stal R g g E exa and the gaée OXIde 21 is an [err]
fitm for exanpPEiC TRE §aPEigps Pgan 33 RECQTABREGCIAY ePrﬁéﬁﬁlng a

S d | d f d t tall I

e ™o PR B BB e BE AR BRR S, gegeg%nghogéﬁméresns
10 to-f I | t
afecrroge nhy YoHEELE o Byl SepS he%%@'fg. 9?-“3 bor i

a layer of the;shitsi fRe0inddfilion. -

. Flgure 4 shows an example of the layout of a chip
.-\ff".._;q 7'of_a.dynamic random access-memory_(DRAM)'innaccordance
_with one embodiment of the invehtion.' The DRAM: con51sts
of bonding pads 8, a protective c1rcu1t 9: prov1ded for'
each bonding pad 8, a signal generation c1rcu1t_100-wh1ch_--
generates reed_aod write timing'sigpals, etc., a memory-
15p. artayilOl iq'whiCthIS elements”ere_uSed'as memory cells,::
‘and column and row_decoders 102. |
Figures 5 to 8 are croSs—sectional vieQS-showihg,'
Step-by—steo, the process of fabrlcatlng a semlconductor
-dev1ce belng an embodlment of the present 1nventlon. The
" ) 20 protectlve circuit is shown on the left of each.draw1ng
'_ and a memory cell, which is part of the internal circuit,
.is shown on;thepfight. Figure 8 is a section;tprough a_s-
completed semiconductor,device, and'Figutes_B'and'lo-are.
o .schematic plan views of the semiconductor device of Figure
25 8.
z Figure 5 shoﬁs the state in which the process_has
 been completed up to the formatlon of the gate electrode

:of_the MOSFET of the DRAM. ThlS state may . be completed by



a metal, or a two-layered struct ure consisting of poly- crystalline silicon
ah] the silicide of a netal with a 15 high nelting point. The circuit

-in Figure 2 illustrates an exanple of the protective circuit on the
of ‘Figure 5, and the nenory cell faf the DRAM i s shown as one exanpl e
"of an internal circuit on the right oftFi.gure 5. 20 . A thick oxide

- film 23 providing isolation is formed by sel ective thermal oxidation of "*he
- 'surface of the silicon substrate 20, for . exanple. A silicon nitride [err]
- film25 acting as a dielectric filmof a storage capacitor is forned on the
surface of tdunvdrtibrxl deeéhhiggd@soshola 25 Fégory Geldresiadesemsind al so on
:the surface of a thin SiQ2 film24 that continues fromthe film23. A -
pol ycryst al [dorslwitorxosuleserated027ai gater pwdden fiile 2i,n and a 2fattehr ough
an SI2 film26 and is diffused with e.g. phosphorus .ions as to reduce its
" resi stance. elfwtnadriuk? i ve Thgesemhrendinstoheshpbssratgy @0 densiestgng of
this polycrystalline silicon electrode 27 fornms one of the electrodes of
the 5 capad tBrtype tmenogrysbatiine sidacPppEuksirade haviag ianvidr® bon
..prevention layer (that is, a channel stopper |ayer), or for.controlling the
threshol @ varEafal ekane ha50%| e¥auplgecndopPeddlenrPriges Hilay2l Nkt , as
shown in Figure 6, a_ photoresist fihn128 10 is selectively formed over the

surface of e $ry ctie EPF cEF¥EmBIGre, THE d2FRoLIPCHROGSFH dSrocess.

: Nor e conductive layer forming a second.iayer, and is formed by
depositing polycrystalline silicon by chemical vapdur
‘deposition (CVD), and then diffusing e.gq. phosbhofﬁs ions

10 to form polycrystalline silicon of a7redu¢éd résistance.
The gate electrode may consist of a layer Of'a.metal which
has a high melting point, a layer of the siiiCide of such.
a metal, or a two-layered structure conSiSting-of poly-
crystalline silicon and the silicide of a metal with a

15 high mélting point. The circuit shown in Figure 2
illustrates an example of the protectiVe'circuit on the
left of Figure 5, and the méhory cell of the DRAM is shown
as one example of an internal circuit on the right_bf
Figure 5. | | |

20 | A thick oxide film 23 providing isolation is formed
by selective thermal oxidation of the sufface of thé silicon
substrate 20, for exampie.- A silicon nitride (Si3N4) film
25 acting as a'dielectric'film'of'a stofage capaéitor is
formed on the surface of the field oxide film 23 on the

25 memory cell side, and also 6n.thé'sﬁrfac§ of a thin sio,

- film 24 that'continués from the £ilm 23."Aﬁpoiycfysta11ine

silicon electrode 27 is formed on the thin film 25 through



-speC|f|caIIy, ‘the photoresist film28 (1 [err] is formed only:over the
regi-on ‘A in Figure 4. -lon inplantation is then:effected using this o
photoresi-st film28 as.a mask, in order 15 to formN -type diffusioy '
~l'dyers 29 which act -as source and drain regions in the menmory cell. _
-|onfwnplantat|on -uses phosphorus-ions a ‘©he N-type inpurity, for exanpt®e.
- The +purity -dose .is:1 x [err] and the i mpl antation energy is, 50 KeV

~ Arseni'c i ons can -be uséd as the 20 . inpurity. Referrlng to F|gure 7, the:
photoreS|st film28 is renoved, and then N-type npurity ions such as
ar seni ¢ i ons ‘@ §ify Fike 26 e rﬁ-%ndef‘tl?ﬁé Y’M}Br e3g. Hh&sﬁﬁﬁé'é‘samns
“double-di ffused drain structure. This ion |npla tation 25 alio forn

di f-fusion- rem%ﬂeﬂﬁx??eﬁ@ﬁugﬂ.tﬁstﬁ%sb$5?%ﬁ?rve frEgr ucﬁévﬁelPY$§ 4 ich
-source-drai.n regiaqn 32.-0of. cla dose i's

;.g X [eér]- aﬂdﬁ: e f*?ﬁﬁa. %??oﬁ %ﬁg?b§ngs°§ggﬁé§ p°$ﬂ8§§ﬁgggé 1%6ns can

' t t d

| _bgb? ormed f r orfiid I8 E” %H%flﬁﬁ%ﬁf £ rée%?tgreﬂ%d B P1EttppaRs B ThE Tor
: trat _As h
substr at g. s T s T T mﬁscé%gg Ton! BpRLALEEULKC £6L Ui ¢ has

a.single-d Th'3 ructure er har CIFCUIt (menmory cell)

f'ggsl a d_‘_’“b' e- diJJéisseldor?fﬁf&éﬁw&ﬁumyer' CehBbsig3ss, chQﬁnE'iOTs%%f)b% film

fylayer), or for controlllng the threshold voltage, etc.,
- has already been completed by thls stage.
- Next, as shown in Flgure 6, a. photore51st £film 28
10,;is_ae1ect1ve1y formed over the surface of the protective
| oircﬁit alone, by a photolithdgraphio proceee.hMore:.-f |
”LJspec1f1ca11y, the photore51st f11m 28 (1 pm) 1s formed only
'.fover the reglon A in Figure 4 . Ion. 1mp1antatlon is then
7>ffheffected u31ng thlS photores1st f11m 28 as a- mask, in order 'j.
'“;;15”-to form N -type . dlffu51on layers 29 which act as. source: -
”'”m@and draln reglons in the memory cell. ThlS-lon-lmplantationpf:
3;uses phosphorus 1ons as the N-type 1mpur1ty, for example.

2 and the 1mp1antatlon |

.\Q'_L:rﬂ:h:_The 1mpur1ty dose 1s 1 x 10 /cm
o '-energy_ls 50 KeV. Arsenlc ions can be_nsed as the
.20 '1mpur1ty. |
. ' Referrlng to Figure 7, the photore51st fllm 28 1s
wyremomed,-and then N-type-lmpurlty-lons such as’ arsenlc
1ons are 1mp1anted to form an N ~-type layer 30, and hence
-_;;a double-diffused draln structure. This ion 1mp1antatlon
w257_a150-forms a diffusion re51stance layer'31 of the protective"
| },c1rcu1t, as well as . a source—draln reglon 32 of the : clamplng

'MOSFET. The 1mpur1ty dose is 8 x 10 /cm2 and the
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he protective circuit. . However, the |nplantat|on of phosphorus
he protective circuit can al so be prevented by control |ing the
the ion inplantation (by ﬁ oi di ng scanni-ng 15 of- the region
he protective circuit, i.e regron Ain Figure 4) - This is”

'ﬁforned in a certain region around the periphery. of the chip, as shown* |n

JFigure4, and so inhibit the ion_ i Iantatlon may be 20 linited by

-:Zav0|d|ng scARplagteliion anengy Aks 50 tFeVe| cBhesBharns pP&ﬁe@ﬁﬁv@30|rCU|t

*hﬁof 't he sing

“-doubl e-di f f
“glass film
conductive

'f as an out pu
“ el ectrode 3

| e-di ffused drain structure and the internal circuit of the -
ysed &ﬁmQ?Qn%WRH{R%yhave t hus been forned a -phosphosi licate
(PSG'hI&Q nd an 25 alu nrunt r acting as a third
| ayer a

el_ectr n_resistor

CLRSlLone o, T Al [ Lusipn Lesi gtor ST, ang cgoutput

CAThRE APRISRHA TR £ HiF cdBt EUFhEnaF FHALR Fayer lact.

10 selectrvely f or med to prevent t he |nplantat|on of the N-type phosphorus

S

“.line 37 Sf %Egnlcnqéé;aq§5°£“% %ﬁ £, PSG film33 is forned, photoetohlng

s used

5is d F S
LS o S gdg e el e IR,

ijthe el ectro

sputterrng

ese el ectrodes, and aluntnrum

hathg Pl 'é’ﬂuﬂéf&‘iff@é@d'&i&iﬂa!stfh&{i&ké %ne the

internal circuit (memory cell) has a double-dlffused draln_ o

- structure. In this case, the photoresist f11m 28 is

10

selectively formed to prevent'theﬁlmplantatlon of the

N ~-type phosphorus ions. into the protectiVe-circuitQ: :

‘However, the implantation of phosphorus ions into the -

15

protective circuit can also be prevented by controlling o

the scannihg of the ion'implantation (by'avoidiug.scanning_

.of the reglon 1nc1ud1ng the protectlve c1rcu1t, i.e.,

region A in Figure 4). Thls is relatlvely easy because

_the]electrostatic protective circuit is usually'formed ;nh

S 20

a certain region ‘around the periphery of the"chip, as:showu
in Flgure 4, and so 1nh1b1t the ion 1mp1antat10n may be
limited by avoiding scanning thlS reglon.

. After the electrostatic protective'circuit-of theijm'

- single-diffused drain structure and the interhalfoirCuit:g7'

. 25

ofithe:double‘diffused drain structure'have'thus'been'

formed, a phosph05111cate glass fllm (PSG fllm) 33 and an.

~aluminium layer actlng as ‘a third conductlve layer are

formed as shown.ln Flgure 8. ‘The alumlnlum layer acts as

an' output electrode 34 for the dlffu51on re51stor 31, an’

-~
-

"firelatlvely easy because the electrostatlc protective circuit is usuallyﬁ“’?-;”t

¥

- ;).



Figure 8,  respectively. A section along the [ine B - B 10 of Figure 9 and
a section along the line C- C of Figure 10 correspond to the .protective -
circuit region-and the internal circuit region of Figure 8, respectlvelxéi:> s

In Frgure 9-is 'shown a bonding pad 40,.a & ffusion layer 41 for an inpu
port¥on,. a: ‘contact hol e 42, and a 15 drft ed resistor 43.. Also shown is a
gfclanﬁrhg MOSFET 44 whi ch consrsts of a region 45 connected eIectrrcaIIy tp.
i the.diffused resistor 43, a gate el ectrode 46 and a source 47. . ‘The region"
45 i's connected to an.al um nj-um si gnal line 45B through contacts 45A, and .

rfthe.atunrnrunP§F§H£ qlegrrase; 5 if %ﬂ%ﬂﬁrt?ﬁﬁtﬁatoﬁ Seilr t® PPBIFRt erna
t.-"Si-m : 47 t I
Sy ouoh cont nedeckeadt Aot & died TS 81 o8 e SRbE B LLDoatEy |

I ?rrnoi AP LR L5 B8 Bem22y e

120,20, " GURENOL Sler S LA DAL SAAS O oy hering
silicon 52 actr%,ua%n%neooff&ae Gl dradesodls ! NrLAREE 1 Of PhotBRIATERIY

cell;; ‘and an alflumniumelectrode 53 1s wired to cont act

data line. 5 js formdd G & dte BF@ P Bh, typi cal - experinental. data
gonparing -t he- ‘el éctrostati'c destruction voItage of a. protectlve ‘circuit

with a singl e- di f f us@d giiraisn Stamdtll eare schematic. plan.views of the
| _ electrostatlc protective circuit and_1nterna1 circuit of
T-5L_Figure-8,rreSPectiVely. A section along-the-lineﬁB'- B'

_ iofrof Flgure 9 and a sectlon along the llne Cc-=C of Flgure
'fg:10 correspond to the protectlve circuit region and the |
"hkirnternal c1rcu1t-reg10n of Figure 8,_respect1ve1y..t

| . In Flgure 9 is’ shown a bondlng pad 40, a dlffu51onh
;hilayer 41 for an 1nput portlon,_a contact hole 42, and a
| :;:151_d1ffused re51stor 43.  Also shown is a clamplng MOSFET 44:'gr
”;i wh1ch con51sts of a reglon 45 .connected electrlcally to |

%ﬂ_tthe dlffused re51stor 43, a gate e1ectrode 46 and a. source o
A "g?ihr;-47-- The reglon 45 is connected to an aluminium signal line
'4::'._.-' fd'45B through contacts 45A, and the aluminium s1gna1 11ne
| 2°:f453 is electrically connected-to the internal Circuit.-

tf Slmllarly, the source 47 is connected to. an. alumlnlum 11ne

: ~47B through contacts 47A, and one end of the aluminium- 11ne

_;'47B-1s connected to the gate electrode.throughga contact
'“48, wlth the other end earthed.

- 25 In Figure 10, a boundary line 50 of the field oxide

':lfllm defines the actlve region of the memory cell, and a

:,tpolycrystalllne 5111con word ‘line 51 corresponds to’ the
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é&@nd it he el e
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a protectlve CIrCUIt with the double diffused drain structure.
age accunul ative defect 10 ratio is shown along the ordinate,
ctrostatic destruction voltage (V) along the abscissa. The .
ine a denotes the data from devi ces having a doubl e- dlffused
ture, and the segmented |inEhb-data fromthe devites. having |
used .drain structure. 15 . The vol tage resistance of the saneWpln

'f{,of five sanpl es was examined. It can be seen fromthe graph that a 7

'-~?protect|ve
" petter el ec
.protective
i‘nternal-ci
~..concentrati

in the gate
.. can be redu
~.destructi.on
.to prevept
~t he-doubfe-
‘be . easily f
alternative
fscannlng to

10

circuit with a single-diffused drain structure exhibits a much -
gesst glesthode of ithe WPSBEB. ABolpcrystalilinevsildicone Sehe
circuit 20 has a single-diffused drain structure and the .
pEESt aFane ®utihe Fleckeadarapf sheucppAeitpKeofl gberic fiel d
onin the_.internal circuit and the electric field concentration

mﬁﬁpﬂy'HQh%«ﬁaqqu?9|§¥Hm%?%§% f4SEETOge PRelFnVAFRYI tOi Acuit

d, 25 th [ f hot d of - .
CoBiask, Hola o Bt ohe (G B PHEEY O (o p(r:g'[relct?lr\sleagl rouit
the f t f f th
dlffuge Jﬁhﬁghqjtﬁ%?§gﬁ$5%ﬁ u%% ﬁyagg? Zgﬁ?eFﬁantﬁ&eﬁFtSn can

BOE R, P LA Va0, SORLALLLISH BB RESBLRE: At ation

p@%@@%ﬂry% circuit- .w1th a single-diffused drain structure .
and that of a protective circuit w1th_the dduble-dlffusedu
drain'structure; The percentage accumulative defeétl H
ratio is shown along the ordlnate, and the electrostatlc

destruction voltage (V) along the absc1ssa. The segmented

_line a denotes the data from devices hav1ng a double-

‘diffused drain structure, and the segmented line b data

from the devices having a single-diffused'draih strueture._.

‘The voltage resistance of the same pin of five'semplesif'

. was examined. It can be seen from the"graph'that'a

20

protective circuit with a single-diffused drain struCture B
exhibits a much better electrostatic destruction voltage. hd
As described above, since the protectiVe circuit

has a single-diffused drain structure and the 1nterna1

. gcircuit has a double—dlffused draln structure, the e1ectr1c

field concentratlon in the 1nterna1 circuit and the electrlc

~ field concentration in the gate oxide film of the first

25

stage MISFET of the internal circuit can be reduced,
ameliOrating'the problems of hot carriers'and”of'f
destruction voltage.

"Since a mask is-applied to the protective”eireUit |

'._;?-



protective circuit, the present invention can be executed by a sinple
producti on-process. Although the invention has been described 10.
speCJflcaI1y with reference to an enbodi nent -t hereof, the present .invg
is not- limted thereto, but can be nodifjed in various ways. For exg
the protective circuit in the enbodlneﬂﬂLHescrlbed above consi sts of
- di f fused resisstor and one cl anmpi ng MOSFET, but this is not 15 necessary
“and-the inventi-on-can be applled to various protective circuits that
utilize the junction breakdown in a diffusion Iayer and the surface =
breakdown: ‘at: - the phesentertheffarmatainn rf MEFEL tEhe i Ehesipm LREPESt PFc
- brieak- domn Vol tage Mor eover, the clanpln MOSFET an be replaced_20, . by
one .or “two- Juﬁbﬁlg@qﬂhﬁﬁéiffq§?4fﬁ¥9¥%5 kﬁ?TtﬁﬁQg oéegﬁged?sdﬁhrg

 between the P—type substrate and t rnmed_sinultaneously

with the N - {}p¥RIY&Ts %ﬁﬁ h@bh%%ﬁggkiﬁ?éag%.Téé&ﬂ%agnt%eﬂ "lescri bed
‘as-‘an exanple 25 of e |nt rnal_circuit, but the internal circuit is not -
limted to a Bﬁﬂﬁ° qgﬁ? rﬁ?%ﬁlnay be applied to other circuits -

“pfOVIded ‘Wi th NIS eI t ubke ed drain’
structure: > ‘Thus;: St ?tnlvvee o’% %%%h%éagénb‘g%lgaedg# nlg&%}g‘gET havi ng.
a~single-: dlfoS tures d o6 {Qrgyggdtgg flrst
"stage of: an |r‘1:pl?t q1‘ floé{g ‘M'S ml' olr(%rl?ngcé{l1 EJ ©

:zprotectlve c1rcu1t, the present invention can be executed
by a 51mp1e production process. _ S ~
_ Although the 1nvent10n has been descrlbed | |
'-f:,idn;speclflcally with reference to an embodiment thereof ‘the
.:'present 1nventlon 1s not 11m1ted thereto, but can be
:[mod;fled in varlous,ways. For-example, the.protectlve'
_rcircnit in-the:embodiment-described above consists of'one h-
- p{sdlffused re51stor and one clamplng MOSFET, ‘but_ this is not :
?iﬁﬂis.'necessary, and the 1nvent10n can be. applled to varlous
_'&jprotectlve-c1rcu1ts-that utlllze the junctlon breakdown |
r-hln a dlffu51on 1ayer and the surface breakdown at the drain
d\/ 'f.-..'dend of a clamplng MOSFET to 1mprove the dlelectrlc break—".
'{;down voltage. Moreover, the clamping MOSFET can be replaced
20 . by one or two junction diodes. In this case, the. junction
:1of .the dlode is between the P-type substrate and the N -type :
2}1ayer formed 51mu1taneously with the N--type layers 30,
'_]31 and 32. |
Slmllarly, a DRAM. has been described as an example
f:25f_of_the,internal_c1rcu;t, but_the internal circuit is not
. l;limited to a DRAM, and the'invention may. be applied to

: other circuits provided with MIS elements which have at



5 f| nal stage of an output buffer. Circuit diagrams for such M SFETS

" ha ng the single-diffused structure, applied to the M SFET form ng the

. 'stage of an input buffer and the M SFET formng the final stage of an:
) buffer are shown in Figures 13 and_14. In Figures 13 and:14, 10 .
u’respectlvely, there are shown an |nput\ﬁﬁd 81 and an output pad 82, and-jhe
- “structure within dotted lines 83, 84 represents the single- dlffused dr o)
iﬁstructure ‘Mor €over, -the invention may al so be applled to N channel

'dT?NISFETs of a CNISIC where N-channel MOSFETs are 15 fornmed in a P—mell

- - ¥egion-or. alkastbst datubl d-djfbesdd, dusimnstttdcthoe. t h®huss,cthe grageats
“for rsuch a CMSI'C. The structure within dotted |lines 85, 86 and 87 has a

'?[S|ngle dlffugednmtgnwQﬁnwhﬁlﬁNPOdﬂ¢Qesmr%CM&$EBTohth89NBSBEE9188 89 and

1]90 in Figure 15 are 20 shown in nore detail in Figure 18. . The N-channel
-~ M SFET 89 hédffusash|dradint faletrei%e n %P?ht?@r‘éov\ﬁtﬁlﬁﬁEN foypingapbe 58
and .N -type | ayer 59, which are forned_in pe substrate 56.° P -type.

" regi ons 61 §é€5§s§§ﬁﬂﬁx9§ﬂﬂp(ﬂ%ﬁ?FrQﬁﬁEﬁé %?dtﬁﬁ P—@Eﬁﬁﬁ@lfﬂFBFE$ 80

 formed - | _The .M SFET 88_h gle = 3
f)d?;gﬁsedgﬂfgﬁ 95? %uﬁﬁh‘ﬁ%? @%éf?ﬁyefcﬁﬁc?bFngaaﬂggpge%égbsfratef -
- 56. "A.diode 9 i t J t .di,od :
93,04 (Fi Suggci*e)"@éaﬂ&? Rering Sfcﬁjereeil??g%? S EFNELaERGh RSP poBLica® S 1

substrate and Ml YRR YR @ 10 *5L4B8 LBYERS 18R BNRELD

-~ .and the MISFET forming the final stage of anfouput buffer_.ﬂ-:g)
are shown-in'FigureS'13 and 14.d In Flgures 13 and 14, S E
10 respectlvely, there are shown an 1nput pad 81.: and an output
pad 82, and the structure w1th1n dotted 11nes.83, 84
represents the single—diffused drain structure.:..
Moreover, the invention may also be applieddto N-
ohannel MISFETs of a CMISiC, wﬁere N—channel'MOSFETs are
15 formed in a P-well region or a P-substrate. B |
- Figures 15; 16 and 17 show the§circuit~diegrams for:-
such a CMISIC. Tﬁe structure withihzdottedfiiuesdés,:86__
and 87 has.a.single-diffused drein structure.'.The"
. structures of the MiSFETS 88, 89 and 90 in Figure'ls-are
20 shown in more detail in Figure 18. The N—channel MISFET =
89 has a double diffused drain structure ‘with an- N -type'_
- layer 58 and N_—type layer 59,-wh1ch are formed in a P -ld'
type substrate 56. P -type reglons 61 act as source and
..draln regions of the P-channel MISFET 90 formed in an N ;}t_fl
25..type well region 57.' The MISFET 88 has-a 51ngle-d1ffused_
ddraln ‘structure. w1th an N -type layer 60 formed 4ins the

substrate 56. A dlode 91 has a same structure as the



Lol

'_Flgure 18 The N -type Iayers 60 are dralns of M SFETS 5 and are forned
. sinultaneously. :If a resistor 92 is made of an N -type layer, e.g. . * - L
simul.taneously with l-ayers 60, the diode 94 can be formed parasitically/~t™ .
between the resistor 92 and the P-type substrate 56. Thus, while the Sﬁ%i.j,
f.or ed |ng ‘descripti-on has been 10 d|rectee to a DRAM and its protectifvé o
_ Ci r ¢ ‘the - -pr esent i nvention may be appl \ed to ordinary MOS:integrate B
~CIrCUItS such as DRAMB (‘e.g. 256 K bits DRAMS), SRAMs, MOS logic circuits;
' ' h. N®SFBT 88 haveuntbimn agiéodesc?? bld (§h®@€$n%ﬂls9 fap@ed7s -
ention, :it should be understood that the inven-.tion is . not -

limited. Tetth%?r?slgbsééﬁt?%F%eéfbﬂHW%?Bué BnbYRRsSHRStHREEf #Bti ons as

i's a aren.*to one havj ordin i the t and therefore do not - -
wish to be il icre iﬁﬂeaetaw YaRokhe e a%g%ai%%%urﬁe oW ih e

o I bl ish
,S?L?SEdAgﬁtlgﬁgiﬁgr%P%%en?gég #?o g%%dsdg c#h e%r%%8$42P)¥2§§59 cribed
in the pr%entaﬁ@&%&?iﬁ&?@ed é\ix&\&i‘&éﬂé‘ohé u%herf% £°9¥K1$9@5h83t ion:

“No.: 87.:02881 sem condutt or egra d Circul evi ce,

formed in.a ”%Praﬁuﬁfaﬁf?éf aysem &OQdUQiﬁﬁlééhbééﬁé a1 ¢ wbewmyéesl gast- one
M SFET for.7a first circul he af Teast one havi ng a dlffused -

r_ﬂraln reglon @ﬁ@hdﬂééén94eéa@nbéfformed para31t1cally between the

present’ i

"".re51stor 92 and the P- type substrate 56.
- Thus,_whlle the foregoxng descrlptlon has been
.Tibrtdlrected to a DRAM and its protectlve c1rcu1t, the present
rlnventlon may be applled to ordinary MOS 1ntegrated |
.Ac1rcu1ts such as DRAMS ' (e. g. 256ﬂK-b1ts DRAMS), SRAMs,
ZA.F-MQs:Logle-c1rcu1ts, and so forth. ' |
| -While”weihaVe.shown'and;deecribednembedimente ef_the:

flgreSent'inVention, it should be nnderstooduthat'the-invené

ﬁ-'ef]tienris_ndt_limited_theretozbut is susceptib1e36f7numerous
'Seziéghanges'andfmodifications“as is apparentrterone_having.
u:r:qrdinary_skill.in'the art.and'we'therefore_defnotjnishﬂto -
: C b§:limited to the details shown andrdescribed.herein; o
:rhﬁol:;. UK Patent Appllcatlon No. 87.02881 (publlshed under
L No. 218642e ) has been d1v1ded out of the present .
‘fappllcatlon and descrlbes matter also descrlbed in the .
jpresent appilcatlon. Attention is therefore drawn to'

i{UKjApplicatien No. 87,92881;



. .the at | east one M SFET conpr|5|ng a flrst “doped reglon of hi gh - :

. cogreentration and a second doped: regi on of relatlvely Iom/concentratlon of -
fMe shne conductivity type-as the first dop _the first doped -

\régf'gn ‘being within the 10 second doped region, wherein a prote tiye

' ent “of “a second circuit electricall coniﬂﬂlﬁﬂﬂﬂ st .circuity”

“for protectl ng the. one M SFET from an e Yern "m Hﬂ i ntroduced

- ~through’an external termnal, has a doped reglon ©oft a Mi eoncentratron,.
: _substantlquLAstsane 15-as the first: doped regi on and of t he same’ o

“conductivity type and no region having a concentration and conduct|V|ty

- type substadleI)Atd&mrnnnﬂuctohe13€e@ndtd®pedr¢mgtodeaﬁdemhfohmed in
-;contact wi th the region of high concentration of the protective el ementy
“wher ei'n t he & egiimr futfage coh censerbcordudoor osubsier pret ebavirgehbment

. formed sinultaneously with the first doped region. 2. A sen1conductor ;-
“devi ce accorll@aff e |MEFHET Sprerai iy é ¢iraeiti rebetatsleastneBenal

- circuit,.and the s cond C|r§¥5%%|s n_electrosfatic protectjve: circuit. 25-._
"3 A SentBdi Y M2 BPeR ndr 2P FeT 1Dy ‘é‘t‘eﬁiﬁa%%ereglon of T

 Enda °f22ts't%a£eaqtﬁaﬁf>pﬁc“ : C”%’I%#F ﬁ%gﬁ??i%%igs bt Se%g%f?%;g%c”
e di t dj f
Goncent rati gD ncen““{*egﬁ o i el e %fgwfeﬁ%ﬁtéﬁalxo o
251 on i ch Rasch AR 10 35 e é&ﬁeceswpémiey 8PSta0 the

first doped- region, the first doped reglon belng within the_ \J

10 . second doped region, wherein a protectlve'element of a |
second oircuit;electrically connected to the fifst oircuit,
' for protecting the one MISFET from an eXterﬁaldSﬁfge |
voltage introduced through an external termiﬁef[_has.a
doped region of e'high'conCentration eﬁbstantially the-seme l:
15 as the first doped region and of the same COhduotiVity'type-
and no region hav1ng a concentratlon and conduct1v1ty type:
substantlally the same as the second doped reglon and Whlcht:.
~'is in contact with the region of hlgh concentration of the _;}
protective element, wherein the reglon of high concen- |
20 tration of the protective element is formed s1mu1taneouslye
w;th the first doped region. - |
2. A.SeﬁiCOnductor device'acCordihg-to_claiﬁ:i{fwhefeino'
the first circuit is an intérnal circuit, end'tﬁépgeéond
circuit is an electrostatic’proteotive oircﬁit.*'"
25 3, ‘A semlconductor device accordlng to claim 2,.where1n

- the electrostatlc protectlve c1rcu1t 1ncludes at least one..

diffused re51stor and at-least_one clamplng MIS-element.



_5, tlaIIy the sane. as the second doped reglon 5.— A seni conduct or deVICG
‘according to claim3 or claim4 having an input bonding pad, the resistpk

~'being electri- cally .connected to the internal. u"ﬂu bond/
pad. 10 6. A sem conduct or devi ce accordi ng t ﬂﬂunuﬂuﬂrunnens 2(t

~Wwhergin the internal “circuiit has a dynam ¢_RAM el’enént*
‘seni‘@wtiduct or. devi ce substantially as heri?n descri bed - mnth reference to

‘and as- i})lustrated in-Fig; 4, .15 or

fo 8. 8 o Mt ho %?m*%%?¢6%Fzﬁgdsgésﬁ188ﬁ853%89 ERTEE T
“one or - { :
el ectrically cof¥ étggu?% fﬁﬁsfg 8fa8$Fg%$ tl!?or pro %F%é° %ﬁ%%ggﬁfgég$'3_.

froman 20 exter g%%sgﬁges @étggetthEQQngﬂoEQﬁoyg 189 S?EeﬁBaEebgbﬁ‘na|

.the first and s% Ci rcui eing fornme r surface of
-sen1condu0t0r.ég9éﬁrﬁ£§ atggndﬁégﬁdthCt?genﬁndf@bﬂbEEt?&thBfB%b@ﬁahFrSt
and.second_dop regions 25 -for the at least one M SFET, the first doped
~region beiBg ofiki PP £RECEAREakk0BhaNdetbadsacpad depednr.egi on being of
telatively | ow concentration, of the sane conductivity type. as the flrst
doped-region, she. flASéeﬂ@@Gﬂdﬁegoﬁndbeung wictbird inke teecdadmdéped cdgiion;
and- forn1ng by di.ffusi on a doped region of the protective -

SR 4,;__' 4 hav1ng an- lnput bonding pad, the resistor belng electrl-

cally ¢onnected to the 1nterna1-c1rcu1t and to the bondlng.
pad. | |
t.io'jG;d.--A semicdnductor'device accordingzto'any-onefof claims
d. 2 to 5, wherein'the internal_circnit has e_dynamicdRAM.
*:.element.-' |
7. A semlconductor dev1ce substantlally as herein
.ﬁ:tﬂ{}descrlbed'w1th-reference to and as xllustrated.ln-Flg. 4;
.”ffeistfor Figs. 5 to '10, or any one: “of Flgs. 15 to 18.
8. A method of fabrlcatlng a semlconductor dev1ce having}
d@*at least one ‘MISFET for a flrst c1rcu1t and a’ protectlve
o element of a second c1rcu1t electrlcally connected to the -
d'-flrst c1rcu1t for protectlng ‘the one MISFET from an
T - "?Ol'external surge voltage introduced through an external
L p'fpmi ptermlnal,_the flrst and second circuits being formed in a .
lI”-:emajor:surface;of a'semiconddctor Substratef
| "~ the method 1nclud1ng.-
formlng by diffusion flrst ‘and second doped regions
- 25'7for the at least one MISFET, the first doped region belng
f“of high concentration and the second doped region belng of

'relatlvely low concentratlon, of the same conduct1v1ty type
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regi on’
doped

¥ has a
- «‘skcond d
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© 8i wherein a

of 'the secon
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-region. :10.

- a photore3|s
20 diffused

first circui
concentratio
.scanni ng dve

”°faccord|ng to

. internal cir
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10

doped regi on belng f or med. 5|nultaneously mnth 5 the first

and having a high concentratlon~sabs%aﬁ%rakky—%he—sane as the

regi on; wherein no region of the protectlve elenent is formed

concentration and conducti vi ty tzjmmu y the same as
oped region and which is i glon of hrgh
0 égm

n of the protective elenent . A neth accerdlng t-0,.ck

SQH%Ke' £1kQEMRd oo %ns,ect‘?{éd f‘irfscé"Gcic?&de Ofe% TE {&# metion

doped region, “and t mask 1s renov ter mation

widapad thadisagohut d%@ar dier;0rdiRe tion of the fl rst doped
A net hod according to claim9, wherein said mask i's made from

t f i | MEothing ByMalif@tsaerordiatpdd redidh St Wies ehrotdet seeond

region is formed by ion inplantation scanning over only the:
elemrdtt hehki depedi riegie h@yng1ﬁunhédmsrmgﬁtnneﬁu@lghw1th
n of the protective elenent are fornmed by ion inplantation
thehéicsti depedr fegdonf anide hdeiiinge .a I6ighl xoncgnpathiben

any one of clainms 8 to 11, wherein the first circuit is an
éHPﬁtaaﬁéaééEOHBGCﬁﬁﬁﬁlPsl§hﬁ1ﬁ¥4§ﬁrqgﬁ%ﬁ|¥9$#%ﬁectlve

13. A net hod according to one . of cl ai ns to 12, wherein
0" secoNHSaBABd PeGRAHOR Sifd (iR RIGRaF Eive Slement is £ormed.

which has a concentratlon and conduct1v1ty type substan-':'
tially the same as ‘the second doped reglon and’ whlch lS in

contact with the region of high concentratlon of the o

;pIOtectlve element.

‘9. A method according to claim 8, wherein a mask is

15

formed over the second circuit prior to the formation of -
the second doped region, and the mask is rémoﬁed-after the
formation of the second doped region but before the forma-

tion of the first doped region.

'10. . A method according to claim 9, wherein said mask is

20
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made from a photore51st fllm._

ll) A method accordlng to claim 8, wherein the second e

diffused region is formed by ion implantation scannlng over
only the first circuit, and the first diffused region and -
the regioﬁ-of high concentration of the-pro;octive-element
are formed by ion implantation scanning over che'entire
surface_of the device.

12. . A_method_according to. any one_of-ciaimsia to 11,

wherein the first circuit is an internal circuit, and

_ second circuit is an electrostatic protective.circuit.

5



T reg| on of i gh concentratlon of the. pr ot ectlve eI ement are each forned b
ion inplantation. 5 14. A et hod accordlng to,rla|n11? wherein the
second doped region i-s an N layer forned by ion inplantation of

- phosphorous ions, and the first doped region and mﬂ gh.
_concentratlon of -the protective el enent are U , mﬂmmmm
|nplaﬁ%at|on -of -arsenic ions. 10 15. ghod atco?dﬂﬂg"to any one of

- clai‘ns’ 8 te 14, wherein the electrostatlc protective circuit is p05|t|oned
at-a peri pheral3 porw e thiodf: lae: cordiingn diec taory  smies tafated dimsar8 ofd sk,
'_arrangerrent 16. -* A nethod of fabricating a sem conductor device sub- 15

S'stanti al Iy aswaleyeormetﬂner éllandtemdl Isegonid Kopeideregionse Rings the tdoped of.

- the acconpanylng dramnn% . A device formed by the nethod of any one- -
'-of clalns 8. tgeg@on of igh concentration of the protective element, are

_”_each formed by ion 1mp1antation.
aﬁfidel4._. A method according to claim 13, wherein the second
-doped region is an N layer formed by ion implantation of
fphosphorous ions, and the first doped region and the region
dofihigh concentration of the protective element are N¥
_ layers'formed by ion.implantation of arsenic ions.
1b_isa -~ A method according to any one of claime 8 to 14,”
. wherein the electrostatic protective circuit ie positioned
'at-aiperipheral portion of the semiconductor substrate'in:f
-;an;offset arrangement | o
.adlﬁ.a A method of fabricating a semiconductor deVice sub-
'“€i155stantially as any one herein described with reference to
| VFigs. 4 to 14 of the accompanying draWings. |
e_rl7. A dev1ce formed by the method of any one of claims 8

to 16.




