SEM CONDUCTOR | NTEGRATED ClI RCUI T DEVI CE The present invenfion relates to a
sem conductor integrated circuit device, and nore particularly to a

senpeenduct or integrated cireuit device (which will hereinafter be referred
to "M SIC') which includes 5 an insulated gate type field effect

tr tor. An exanple of an insulated gate field effect transistor is a
Met I nsul ati on sem conductor field effiect transistor (hereinafter

abbrevi ated to M SFET). ASEMICONRUCGTOR)| INTEGRATRI: GIRCUIY fOBUIGRNal static

10 electricity is frequently applied to the external termnals of an MSIC
during transportation _or handling. However, the gate insulating filmof an
M SFET usual |y has a MReaBrRASAY dpuanEbsieaiasade fo samikcqnduatas oken

flovvn \élvhent t he atm%@&tat |t)éd1icafr€éﬁdﬁ ey t i!é’e,am{di Q{br@ ﬁa&-_tiifcﬁuca&tltqredcefa% rotd_e-
n order to prevent, su reakdown it is usual, to, provide.a gate jarotecting
el enent or. ci r cFSMR téIﬂrSI:‘(’i‘,“:ﬁ‘%"'ap'i""cﬁf¢=5"C"tr"t"}‘?'é‘ Iﬂeg’lé‘lff %ﬂr‘c‘iﬁ}é‘% es an
ext ernal signal hebeinadter ecxefipatreashta @y iaedMISIAN)) Whe Q0 inoledes s of

the present ignvgpt &%ursj%]\{%tél %Ptfaél lq%ﬁo%wgiéﬂgs %ﬂﬂ% iy ol tgge wil |

break down the gate in not onl’ e signal recei ving M SFET
but al so a si gn&xapplguciveorEnslated gafiec finld effagt transigto is
rendered subst aat-Makhl iiReRQadiior sémidnBddtorsifiRald fifedt Misidtor

bpoken douny 21 HRULL LR ! il LR, Mol [ S Prof ot ed aga st the
recei ving external teAm adnorirerldyf hidie voldege duesad ifoickdadmal gtatic
over come thiio electricity is frequently applied to the external ' '
' terminals of an MISIC during transportation or handling.
However, the gate insulating film of an MISFET usually
has a relatively lgﬁ'breakdown voltage so that it is
broken down when the abnormally high voltage is applied
15 to its gate electrode. 1In ordei to prevent such
breakdown it is usual to prdvide_a.gate protecting
element or circuit in the MISIC, to protect the MISFET'
which receives an external signal.
_ ' ‘However, investigations carried out by the
20 inventors of the present invention have fevealed that the
abnormally high voltage will break down the gate
insulating film of not only the signal receiving MISFET
but also a signal output MISFET of the MISIC. As a
result, the MISIC is rendered substantially inoperative
25 when its signal output MISFET is broken down, although
the signal receiving MISFET is protected against the
abnormal voltage by providing the gate protecting means
at the signal receiving external terminal thereof.
The present invention seeks to overcome this
30 problem, and provides a semiconductor integrated circuit
device comprising: o
. an output circuit including an.insulated gate
field effect transistor formed in a semiconductor
substrate, the insulated gate field effect transistor
35 having a first output electrode, a second output
electrode, and a gate electrode, the output circuit

~



30 problem and provides a sem conductor integrated circuit device
conprising: an output-circuit including an insulated gate field effect
transistor formed in a sem-conductor. substrate, the insulated gate fiel
effect transistor 35 having a.first output electrode, a second out put
el ectrode, and a gate electrode, the output circuit -2- being adapted to
gegerate an output signal and deliver tha? output signal to an ext er na

ter\ginal, the eXtSEQﬂ%hEQE @ﬁ' th!EEHeI-Q ﬁ%o&égﬁtsﬁfﬁ@)&f e PR rate

and belng coupled to put e ectrod |nsulated gate
field effect tran§P§FoPUtBuBrF@Gnélrﬁﬁlﬁnf%¥ﬁ§§nﬁh teemiead cobRi@®rernal

substrate for gengeghifgl Bbifg SULRLE 68" thédseh{Cok@iceossussianal to
be fed to the gatePglgctrode 0 e |nsulateqw&€te field ffect transi stor;

t
and 10 fird §F§90F°H85ﬁg EBnhae { 2ECPAT \REHPYH B LRATRRAE ATithE  of
the drive cir6uitinsdlabedggaeecfieldodffebt ttransbsatot ed gate fiel d ef fect

transistor, the first rgs?§39 ggggﬁ ?e égr dtﬁ@ éghi éﬁ%ﬁ?éég)flln1on

t he sen1conductor substra | Uncti ofis are no orned at
the end of the fisubsteatet §ornganerahing, |¢tea@cwtmt|'9emnm1ct@tenapﬁ he

gate el ectrode. | éPEGé”Ei%Mai“GB HQ'fé&let@aﬂﬁ’érEaEé’ é’f‘eé‘%&é% Grdre

signal generating external fermnpal, the gate insulating film of the si gna
out put M SFET is bpgpéepgg gate fleid efféct transistor; and
10 first resistor means connected between the output

terminal of the drive circuit and the gate electrode
of the insulated gate field effect transistor, the first
resistor means being formed on an insulating film on the
semiconductor substrate, such that PN junctions are not
15 formed at the end of the first resistor means which is
‘electrically connected to the gate electfodé,. |
If abnormally high voltage happens to be applied
to the signal generating external terminal, the gate
insulating film'of the signal output'MISFET is protected
20 by the resistor meahs. ' '
If the semiconductor integrated circuit device
has a plurality of external_tefminals, the abnormally
high_voltage'discﬁssed above may be applied arbitrarily
to any one of the external terminals. Therefore, in
25 such circumstances it is preferable that a first
resistor means is provided for each of the signal
output MISFETs which feed a signal to a corresponding
external terminal. | |
Those signal output MISFETs may be output buffer
30 circuits of various types'including_invertef, NOR and
NAND circuit types. ' '
As will be apparent from the detailed descrzptlon
to follow, breakdown of a gate 1nsu1at1ng film due to
the abnormally high voltage is particularly liable to .
35 occur in a signal generating MISFET in which the
parasitic capacitance between its gate electrode and
its output electrode is relatively reduced, such as a
silicon gate MISFET which is fabricated by the self-
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20 by the resistor neans. If the semiconductor integrated circuit device
. plurality of external termnals, the abnormally high voltage ‘
sed above may be applied arbitrarily to any’ one of the external s
als. Therefore, in 25 such circunstances it is preferaple that a
esistor nmeans is provided for .each of the signal output M SFETs .-
whi ch.feed a signal to a correspondiﬁg external termnal. Those signal | #
out.put- M SFEad igamebs mecpnﬁqhetfeASSa.reBn&&htthefpvasébusinypasibncludfﬁg

nverter, NORaand. NHReCiuh chiPRErebts tohbnPeapBARERY 1£508p! fe detail ed
description to follow, breakdown of a gate 1nsulating m, due to the
abnor mal | y hisgrigendugsors ipsegrated: cyprruis devicgsingtudingnas si gnal

generating Ms$GRA1i BubputhMIBPERALASCHi SsCEAReibated bot vRenskig~gate
el ectrode_and_iits output electrode is relatively reduced, such as a silicon
gate M SFET ﬁﬂ?&ﬂmﬁgtf§SF AFE& by t he sel f- -3- alignnent technique.

As a result, the peEmpedimentsnbifomheadnexhichon @it2l hewt bef festsibbkdn it is

applied to a,sen uctar ..ot egr Gircyi:t.deyi Lacl pdi a signa
ourput M SFEFRAREEALLS PovRY. B, ditiele CHipn BkaRehRE L' Pel © OO
Enbodi ments efcempanyiagt dsawings Apwwbdcheéscribed in detail, by way of
exanmpl e, wth refeﬁgﬁqeltgstgecircuit diagram showing a first

10 embodiment of thé present inventién;

| Fig. 2'is'an_equivalent'circuit diagram of the
first embodiment;

figJ'3 is é_vdltage waveform chart explaining a
~dielectric breakdown phenomerion; .

15 Fig. 4 is a characteristic graph illustrating the
correlation between the resistance of a resistor R,
and the channel width W of an MISFET;

Figs. SIahd G_are circuit diagrams showing other
embodiments of the present invention, respectively;

20 Fig. 7 is a top plan view showing the MISFETs
~ forming an output buffer circuit; and '

Figs. 8 and 9 are sections taken along lines
A - A' and B - B' of Fig. 7, respectively,
' B Fig.:l_is a circuit diagram showing an output
25 buffer circuit DB and a drive circuit DA, both of which -
are cénstructed in a éemiconductdr?ihtegrated circuit
~ device according to a first embodiment of the present
invention;.' o . _
' The ou#put_buffer'éircuitiDB_is constructed of an
30 N-Channel typé_MISFET Q3 and a P-channel type MISFET
Q4. The N-channel type MISFET Q3 has its source and



actonpanying drawings in which: Fig. 1 is a circuit diagramshow ng a fi.rAt
10 enbodi ment of the present invention; Fig. 2 is an equivalent circuit v
di agram of the first emnbodi ment; *Fig. 3 is a voltage wavef orm chart
explaining a dielectric br eakdown phenonenon; 15 - Fig. 4is a
characteristic graph illustrating the correl ati on between the resistanc
a rgsistor Rin and the channel w dth W-efdan M SFET Fi gs 5 and 6 are

circuit diagrans s h f

Cespattivel g, 5o SaBbEREL"GheE UANIRE o Vhd ERRY MR Besving
form ng an out put mmemal:utemmahrwl F¢fg§ sﬁmrmmzsemammm%
along lines A - A ogpcH- S it
di agram show ng an out put %%”68%fﬁgcalrﬁ:ut?féB%\ééingﬂaéddﬁ\%‘ggﬂgéu}?k%gﬁ%ot h
of which are constha®t%®S | $PRESRni conductor integrated circuit device
according to a first enbodi nent of the present invention. The output buffer
circuit DB is constructed of an 30 N-channel type M SFET - and a P-channel
type M SFET 4. The N-channel type M SFET Q has its source and - -4-
substrate gate connected with the power source receivVving _




" "_'_'"éii'twgf"nal terminal T of a semconductor integrated circuit- device IC, and
,-t_.he' P-channel M SFET [err] likew se has its source rand substrate gate

10

coppected with an external terminal T3, at which- the reference potential aof
‘rcuit is provided. The drains of the MSFETs [err]- and [err] are
ted 5 wi th each other thereby to construct the output term nal.
e output buffer circuit. DB, Thig Qutput terminal is connected, as #~
through a resistor [err] with & signal output_exterpal termi nal- N
[ er r |andheubsteater gate omaated, WEtA &0 @xienpal dermiral 10 with
each other thereby.to congtruct the,input .termnal of the ouytput buffer
circufsgs DBtTPf@l&?‘i Fhe Bl freRpe; BOLE t%"?&e FARELHAkRl type M SFET
[err] and.a'd-chanhel type MSFER [err]. These M SFETs [err] and ]J[err] are
conneRT 8 Ffi%eries bet- 5 ween the ternminals [err] and [err] o
simlarly t :M_SEET T e o[ arr ouf-put ] of the drive
fle! B MSTTS et sRBRl 071 lank® OUA Lo diE1 40 P

circuit DA and np term na outp er circurt DB are’ con-
nect egs tW bHcBa6hat Yhe @b No¥NcoRY taucds it Tod it Asrahal be apparent

. fromthe later description, the resistor R s constructed so that a high

strayofapnei butbatnduffdmbtistedtbdBieeThilss it tdwmioar source
wiring or the like of the circuit. On the contrary, the resistar [err] is
so cobstcophedtedsat as shown through a resistor Rout with a
‘signal output external terminal Ts.
The gates of the.MISFETs QB and Q4 are connected
with each other thereby to construct the input terminal
of the output buffer circuitDB .
 The drive circuit DA is_construéted of an N-channel
type MISFET Q; and a P-channel type MISFET Q,.
;['These'MISFEQS Ql and Q2 are connected in_series bet-
ween the terminals Tl and T3 similarly to <+the MISFETs
U5 and Gy o
The output terminal of the drive circuit DA and the
inpuf terminal of the output buffer circuit DB are con-
nected, with each other, as shown, by a,resistor Riﬁ.
As will be apparent from the later description, the
resistor R;, 1is constructed so that a
'high stray capacity is not established between itself and
the power source wiring or the like of the circuit. On
the contrafy, the resistor Rout. is so constructed that

a relatively high stray capacly is



arelatively high stray capacity is 6 established between itself and the
power source wiring or-the:like of the circuit. Fig. 7 is a top plan-viewy
showi ng”"the seni conductor integrated circuit device which forns - P
out put 5 . buffer circuit DB of .Fig:.l. Figs. 8 and 9 are sectiong (N

taken along lines A- A and B- B of Fig. 7. |In Fig. 7, incidental Y>>

t he_out put buffer circuit OB is arrangeds gS—Customary, -t a portion in th
vichpkty of the side Iine SL of a sem conductor substrate 1. 10

Al t hough not espeblaished betieasan o tsekl sandcbheupoyers gesrmeg eviring or

constructed of N-type single-crystalline silicon which is made to have a
t hi ckness of BBBuL1EGOPEr rihearfdEZCWYeci fic resistance of 1052cm ahd which

has its principal surfage .arranged i arallel.wth a surface (100). 15

On the princi pal séf"\gacge&fs t%er%rﬁdg%lﬁdﬂ%?‘gr Shiing ‘thee sf,mtc’?é'rdé)qts"r

f or med - | ) i | b Sufo into t _

i ndi cat ed in ?r\kg_eg%%%g (%'alfcﬁgi?nrhe%#@né IC:Th%iél} a%‘gﬁﬂg S ng:é%éto a\Fe a
depth :pf aboubuPrk@' lircudc bR dt i, Vel | FeREONESerd Pl beblions
indicdted 20 In the two-dotted chain lines in Fig. i's used to act as
the N-channel takga b 3bigT 1fietes ng + el ofnd LBkewBde ofolFtigf. 1t iTnFi4e. and
43 indicated in tw- dotted chain lines in Fig. 7 are used to act as the
sem - conduct®@y imsidemtaldyny rithe egatputinbuffierPeiremidl OB/hes 2rranged,

M SFET form ng region, respectively. . oL : :
as customary, at a portion in the vicinity of the side

line SL of a semiconductor substrate 1.

10 _ "Although not especiaily-limitative, the semiconductor
substrate 1 is éonstfucted of N-type single-crystalliﬁe
silicon which is made to have a thickness of sbout 200 ym
and a specific resistance of 10fcm and which has its
principsl surface arranged in parallel with.a surface (100).

15 C f. On the principal surface of the semiconductor sub-
strate 1, there is formed . . a P-type well region B‘Which

is formed into a paftern indicated in two-dotted chain
lines in Fig. 7 and is made to héve a depth of about
Sluﬁ. Of the P-type well region 3, a portion 41 indicated

20 in the two-dotted chain lines in Fig. 7 is used to act as

the N-channel type MISFET forming region. |

' Likewiée, other portions 42 and 43 indicated in two-
dotted chain lines in Fig. 7 are used tg act as the semi-
conductor resistor forming region and the P-channel type

25 = MISFET forming region, respectively.



-7- The surfaces of the P-type well region 3 and the sem conduct or

substrate 1 excepting the element formng regions 41, 42 and 43 are _

covered, as is apparent fromthe section shown in Fig. 8 for exanple, with

afi{zlS insulating film2'" or 2 which is.made of sil+icon oxide having
I

“a rellgtilyely large thickness. The field insulat- ing film2 is’ prepared hy,
t-hé: W8 known sel ectively heati ng_O)yi di zation techni que, although not ‘Hq-ér
limtative thereto, to have_ a thigkness of .gbout .1.2[err 0
siirface of tﬁgeP-sP'}‘éqﬁe? 0% e@?%nﬁ?,gmef ?5’1’31431 ﬁ@%%eita“%%r‘#?%g region 41

is forned, .as_shown_ in Fi 8, Wt ' 1 C edi 4l1a and
41c f orsﬁ%sﬁﬁa“fg%ft ﬁélbs%ﬁ%%e\r,\ﬁéglggg_gb}g%% %@%ﬁ%& ojirﬂ [0 u]?g%/l SFET and
Wwth a m regio or | dj ' drain '
regi onnggéﬁ'éggsg%é g'{?gh t gttsa#étﬁggégf%di g%sqflgﬂ%ﬁé}gtncli%%% are made to
have a grat Beetiabowhdwierind .Fige 8yr Foee exfaripie Puitie avetieldgi on 3 anong
‘the N-type sem conductor regions 4la, 41b and 41c is formed with a gate
- & ect rofinsdldiing iliss aader 02 weigheipompde2®f sildromt adtidee silicon
‘having a thickness of about 3500 through a gate insulating film8 which is
made ofhavingona mﬂ@&iﬁmﬁmd@%@l'ﬁbﬂ-?&ﬂﬁsﬁml [Thenifgiedds singulaout 700 to
800 [err]. _The gate eIectrq%g 41d. t hus dixgs extended, as is indicated
in brokthg| fAd8 Fnis prepayed JBPyLhenyedd~kmoviny,sedastai e iRisul ating film

2 surr%ggkgﬂst r39::i.%.liez.ﬁa"ecr%on technique, although not limitative -

thereto, to have a thickness of about 1.2 um.

10 The surface of the P-type well regibn 3 to form the
element férming_resion 41 is forﬁed, as shown in Fig. 8,
with N-type semiconductor regions 4la and 4lc for provid-
ing the source regions of the N-chamnel output MISFET and
with an N-type semiconductor region 41b for providing the

15 drain region.of the same such that all those regions 41&,
41b and 4lc are made to have a deﬁth of about 1,4@..

The surface of the P-type ﬁell region 3 among the
N;type.semiconductor-regions 4la, 41b and 4lc is_formed | i
with a gate electrode 41d, which is made.of N-type poly-

20  crystalline silicon having a thickness of about 3500 %,
through a gate insulating film 8 which is made of silicén
oxide having a relatively small thickness of about 700
to 800 2. The gate electrode 41d thus made is extended,
as is indicated in broken lines in Fig. 7, to above the

25 thick field insulating film 2 surfounding the element



—

8 form ng region 41. The surface of the semi conductor substrate 1 is

formed,- as shown in Fig. 8, with an insulating filmb5 which is nade of :

silicon oxide having a relati'vely large 5 t hi ckness of about 0.9[err].

Yhis-insulating fiilmb5 thus made is utilized as an inter-1layer insulator

for multi- layered wiring. This insulating film5 is fornmed, as indica
symbols X in Fig. 7, with openings #=hBoergh whi ch.thé seni conduct or .

regi ons and poly- crystalllne si- 10 l'icon Iayers t her ebel ow are exp d

to The out sFdemivng Fe@i®mN4lpe seni conductor regions 4la and 41c which are

exposed through the openjngs f din the ins Iat fil there is
c)(;lr[:nect ed a ggur ae elsg’tﬁilrﬁgfe Qﬁeﬁﬁ’n I%ﬁm?'goﬁlgl}& Iﬁ‘(l% I rIG]reat]e&‘sdl um! num
| ayer haV|n a thickness @f abgu rr sour ce
el gct- rode f@’ fihu?s'f oﬁq%‘ﬁl rrlgjo% §5 g#ﬁ%&n#‘nl& 1%2;:%5 E\“".r?isrg into a
o e o eorrikll 39 Wb o #1%%?%%%%‘?3*3@573 R e

| nsuldting thligkdest) of addigt (BNYgkhy, THEsS AU atlions rfade &) ettnss

conne€cted at an opening portion Cl’with the P-type well region 3. As a
result, thiaaBet igewtdllizeabian & aithteg-asyelre insudtatae fat enuiit i-he
N-channel M SFET is maintained at the potential of the power source wiring
63. 25 .  layered wixtagy t ylzh;s smugﬁamasﬁkl@g&mmmrwbr €a§ s

indicated at symbols X in Fig. 7, with openings through

vhich the semiconductor: reglons and poly-crystalline si-

10 iicon layers therebelow are exposed to the outside.

With the N-type semiconductor regions 4la and 4lc
which are exposed through the openings formed in the
insulating film 5, there is connected a source electrode
4le which is made of.an evaporated aluminum 1éyer having

15 a'thickness of about 1/ﬁm, for example; The source elect-
rode 4le thus formed is madé; as shown in Fig. 7, £§ merge
into a power source wiring layer 63 which is formed si- .
multaneously with the source elegtrodé'#le and which is
extended to above the thick field insulating film 2.

20 Incidentally, the source electrode #4le is connected at an
opening portion C1 with the P-type well region 3. As a
resﬁlt, this P—tyﬁe well.region 3 ééting as the substrate
gate of the N-channel MISFET is maintained at the potential
of the power source wiring 63. '

25 W1th the N-type semlconductor reglon 41b, there is



| i kew se connected a drain el ectrode 41f which is made  of an al um num
| gy . = The drain el ectrode 41f thus nade i.s nade to nerge into an out put

1K) g.layer 64 which is extended to above the field insulating film2. 5 |
- The”seni conduct or” substrate 1 to formthe elenent fornming regiqn 43 is
‘formed thereon with P-type sem con- ductor regions 43a to 43e to be used as
the source and drain regions of the<-@hannel type output M SFET. The

f t hy i cond bst r af <1 10 C N
e condabe ST HReabat & SR, TR kD Rt R SpaBR08 y thin gate
xi de fil | [ boiyt,. 7 hleh t lectrod
a3t uhi o e i Epbal FERERS P sthaer bl OeERbae My Lo Belel Cos of
about Sigomat(de BeékES Aneb _T7a|ﬁ_e cRipte| Wb {ge1 43t BUSyh3cn  MRde s

shown .in broken lines 'n Fig. Thé gate el eCt- rode 43f Is extended to
above the hitEnded! tooxboeef ithe Tield hindel Keiygpefsdm 2onduct or regi ons
43b and 43d, i.e., the drain regions, there is connected a drain elect-
rdde 43g whi (the ssemileonfuatosy spdstmatalLaufiotnythe 2lementThis drain
el ectrode 43g is extended to abave the field oxide film2 through the

i nsul at fegmingn megheni 43nige fosmed Jhengen twithuPptiypRi seBdcoRyer 64. A
source el ectrode 43h'is_gonnec%§F 1 th the'P—t%ge ﬁeniconductor regi ons
43a, 438ugiPmkegIons 4PR.TY IS 5 De used 43 sthe TREUTSEr @8de| ectr ode

43h-th“§£%¥ﬂ“¥éé§%ﬁ§.or the P-channel type output MISFET. ' The

surface of the semiconductor substrate 1 among the-P—fype
iO semicohductbr_régions_43a to 43e.is formed through a re-

latively thin-gate_bxide.film having a thiclkness of about

700 to 800 X with a gate electrode 43f which is made of

P-type poly~-crystalline silicon haviné a thiékness_ofs

about 3500 X. .The-pattérn of the gate electrode 43f thus
15 made is éhown in broken lines in Fig. 7. The gate elect-

| rode 43f is exténdedito aboVe'the thick field oxide film 2.
With the P;tyﬁe semiconductor regions 43b and 433, | «

i.e., the drain regions, there is connecfed a drain elect—"

rode 43g which is made of an evaporated aluminum layer.

20 This drain electrode 43g is extended to above the field
oxide film 2 through the insulating fiim 5 and is made to
merge.into the output wiring layer 64. |

A source electrode 43h is connected ﬁith'thé P-type
semiconductor regions 43a, 43c and 43e, i.e., the source

25 regions. The source electrode 43h thus COnnected is.



extended to above.ﬂhe field oxide film2 through the in- sulating filn15.“f _

and is nmade to nmerge into-a power .source wiring |ayer 65 which is nmade of
an- evapof-at ed al um num | ayer. The source el ectrode 43h is connected mﬁth'dﬁgza
the 5 -sem conduct or substrate 1 through an opening portion [err] whi

is forned in tthe insulating film5 and the field oxide film2 bel ow the
former. As a result, the sem con- duct o~ Sthstrate 1 acting as the

hoto © SERIE B LB M SF R 20 2t o 8o

the 10 W g Tayer . The™ge N-type
poly-crystal Ehp_%t&&ig R 40 98t RaBbetlr Aol finRAG gﬁogvPef YEGu POk Y-

crystalline silTicon are connected, as shown in Figs. 7 an w th each

ot her .throughigiwel i1Grd2\65 Wich5is made of B evidtraddealihifgmi S
formed thereon through the.insulating film5 with a wring layer 61 which
i's made of alageanor &hed sdurgeuveléayeode FFal IS rcompdohest WHlth sthesed as
the output line of the drive circuit DA (which is referred toin Fig. 1). .
In th®2 enbodesBacondmatom substratei § through Miom@nia&rppmimﬁ@z are
not connected_directly with each other althqugh th{ are positioned

rel atively cMB3&h d%ddFMheld The alRER4ANIIBNTEHT e dherenkekdus far
dever be, ) BathS o 2 B L i B AT, b LR
e {0 " neebb o BN FOUSLIAG! G B SRR Yo OF 4
P-channel MISFET is maintained at the potential of the
10 wiring layer 65. . | .
' The gate electrode 41d made of N-type poly-crystalline
silicon and the gate electrode 43f made of P-type poly-
crystalline silicon are connected, as shown in Figs. 7
and-9,.with each other.througﬁ a wiring layer 62.
15 . The field oxide film 2 is formed thereon through the
insulating f£ilm 5 with 2 wiring layer 61 which is made_
of an evagorated aluminum layer. That wiring layer 61 is - "
used as the output line of the drive circuit DA (which -
is referred to in Fig. 1). In the embodiment shown
20 in Fig. 7, the wiriné layers 61 and 62 are not connected
directly with each other although they aie positioned :
.relatively clése to each-other.
In accordance with the embodiment thué far described,
in'drder to couple the wiring layers 61 and'62; a resistor

25 layer 44 is formed on the field oxide film 2. The resistor



~constructed substantially of the wiring layer 62. In order-not to increase
the nunber of the IC fab- 5 ricating steps, the resistor |ayer 44 and
’ S\gate el ect- rode 41d are made of the identical Ntype poly-crystalline .
con layer, although not limtative thereto.. The resistor layer 44 is
b¢yuired to have a relati- vely high resistance, as will be apparent from-
: e later 10 description. Fer Hlhi=s requirenent, the resistor |ayer\
i s mades; p3 BAOMR IRdE %o havd 1E¥CohbStergelY e dmghieiaeraased by
having a Tol ded pattern. For exanple, in-case the N-type poly-crystalline
Si licongtanes all 3ymede the Ravei g Shegerr 631 ahdnde Ofotimrittddminal 60
ohns/[err] , the resistor layer 44 is made to have a wi dth of about 4[err]
and an ebhetrueeeldesybstamticalky asf abhet widdngedridyer-684 hi s case, the
resistor layer 44 acquires a resistance of about 4.5 kilohns. Incidentally,
t hat resistofnl spderinaied® nncresee 2bhe numbpes fof dde pki t&abrin the
case, in_ which the portiogn of the ggliécrystalIine-siLicon'Ia er to be used
[

Sas the PEGRAELBE FEkE@S)altheasesiel YT 8 sk dhe B3t PFedtre
| duction d i ni ng { ipUr | ' i.ch_the term nal . f the .
ot put Tt nSiRofuR Eae Ry R 1Al Ikl A s AR b 1
i 1 ( . s ehd al : AS Lt ' to b t abl i shed
bet woor FHeCPRotEreR Rl enopdd mdtTARALRRL VG WHREQ. 7 e 71 S desi red
to have a smehk ¥Rl4@torr Wajdt w4 e8§0Bequi®ed to have a relati-

vely high resistanée,-as will be apparent from the later

- 10 description. For this requirement, the resistor layer 44
| is made, as shown.in_Fig.-?,,to have.its effective length
increésed by having a folded pattern.
For example, in case the N-type poly-crystélline'
Silicon layer is made to have a sheet resistance of about
15 60 ohms/7, the resistor 1ayer‘44.is made to have a width
of about 4/4m and an efféctive-length as 1argé as about
300 ym. In this case, the resistor layer 44 acquires a
resistance of about 4.5 kilohms, |
| Iﬁcidentally, that resistpr'léyer 44 need not have
20 the folded pattern in the case, in which the portion of
the poly-crystalline silicon layer to be used as the
resiétor material.has a relatiﬁely low concentrafion of
the conduction determining type impurity, in which the
terminél portion of the output w;ring layer 61 can'be'

25 formed_sufficientiy épart from the wiring layer, and so on.



resistor layer 44 i.s forned, as has been described in the 5 above, -
over the thick field oxide film2 on the sem - conductor substrate 1. I
Fig. .7, the output wiring | ayer '64 of the output buffer circuit is
connected with one-termnal of. a sem- conductor resi'stor regi on 42a whi 6&

i s made of a P type 10 silicon region-fgrn1ng a PN junction with the
seRgj conduc- tor substrate 1. The sem conduTt 2 Tesistor fegion 42a i s made
to have a relatively | ow resistance of about 200[errL for exanple. Wth .
t he ot her tern1naITb¢ rhrasiffic copasity ¥Fesbetept éi6h842betNRQMe i s
connected a wiring | ayer which_ is-nmade of an evaporated al umi_num

| ayer merg- |¢EF|§?§1§tB§n&?H§rbéﬂ'GHKiT%E?s%ﬁ?é%ﬁHGBFGPrb§H§PF§@FF04 t hus

Ser conduct oL ¢ ?gﬁggat for Baysl aamatlorihid 2o For e RenhaRnel type
out put M SFET 2Ll OLRALRY us is QMBI IOWIaselLaR! LOBIRLLEGHTIGe

usi ng t he gate as a nmas |ntr0 ucling an I npurit

speci fg cal I'y, a@&&sr t@eef’ ty@ﬁewma}@qtmé oﬂeef rem QXbﬁetiaLel @e%l&nd
the g&te oxide film 8 have been formed by the weli-known nethod,:

for exanpl e, Gom@h¥tor suﬁgtr@mﬁsnalline silicon layer is formed on the
prlnC|paI surface of the semiconductor substrate 1 by a method such as the

CVD-(i.e., Chem calnVRpgt Rgpdiet mrl:)nmtethﬂJ.nngayrert b& pc&‘l Yher ymtl:@lultl ne
S|I|con |l ayer is selectively etched
buffer circuit is connected with one termlnal of a seml—
conductor resistor region 42a which is made of a P-type
10 silicon region forming a PN junction with the semiconduc-
tor substrate 1. The semiconductor resistor region'42a |
is made to have a relatively low resistance of about )
2006, for example..'With the other terminal of the semi-
cénducfor'resistor region 42a; there is Connectgd a wiring
lS layer which is made of an evaporated aluminumllayer nerg-
ing into a2 bonding pad 66.
The semicoﬁductor construction thus far described
can be obtained by the well-known fabricating techniqué.
The semiconductor regions 4la to 4lc constructing
20 the N-channel type output MISFET are formed by -  a
well-known self-alignment technique using the gate
electrode 41d as a mask for introducing an impurity.
More specifically, after the P-type well region 3, the
field oxide film 2 and the gate oxide film 8 have been

25 . formed by the well-known method, for example, a poly-



k3

5 such that the |ayers 41d, 43f, ‘44 and so on aré’left' as they are. A
‘sg# con oxide filmis fornmed on the principal surface of the sem conductor
. pupdtrate 1 by the CVD nethod. The silicon oxide filmis renoved fromthe -
;%ﬁ?"”t form ng region 41 and the poly-crystall.ine silicor |ayers 41d and
X 44 by the selective etching nethod. In thisneanwhile, that porti-os._
~of .#he el ement form ng region 415 W ch is not covered with the N

poly-crystalline silicon |ayer 41d, is exppsed to the.outside. Then, the
'poIy-cPEﬁ%ﬂﬁ%#kP%i?%%bﬁQPagéV§rhﬁfeﬁhf. R YRR BFEREAPELor i ng region

15 41 are. doped with an N | MU t hod c the .-

i mpur i ﬂlr&la%q‘%s?‘bn tﬁ%’&.lcoﬁgh§%%§ls%é§%%p{l-%?&ngeﬁgggﬁ u%'}lgri regi ons

4la to roed, on theel ; ' : hACE verl ap

betmeeﬁé%%ygjqigeegéﬁf60§§%gﬁggﬁgg%ﬁd¥:%e oﬁggﬁgg)f%82§gaéndm?%gggate

el ectr Qg 4dlyScrpstaeting Bheivdd -lAyarbatsébebpinety etehedr e than a-

relati- vel'y I'ow parasitic capacity is established between the N type

seni cortied WhatotheasliFersosdily #HE J et gmid ebech- arediedtdas25 |

Li kéwi se, the sem conductor regions 43a to 43e const- -14- ructing the

P- chanrsdey ygoee outbus i M SPEToxd.del ifjlenl i t forhedganetbeeprinddp43df. For

exanmpl e, under the condition in which the poly-crystalline silicon |ayers
41d an@urfanfl Phcthe cRRRLCPBANCHPT ciptratert BHvERed Vbt retheds

Si|iCo%ﬁgdéa”{ééépoéggepgkihfggﬂggggéghs}%égoghéagfgmégQ forming
region 41_and-the'polyecrystalline silicon layers 41d and
10 44 by the selectivé etching method. In this, meanwhile,
| that portion of ﬁhe_element fbrmiﬁg region 41, which is.
.not covered.with the poly-crystalline silicon layer &ld,
is exposed to the outside. Then, the poly-crystalline
silicon layers 4ld and,##Iand the element forming region
15 41 are dopéd With an N;fype impurity by a method such -
" as the impurify diffusion méthod.-.As a resuit, the N-type
semiconductor regions 4la to 4lc are formed on the element
forming region 41. -
Sinée the overlap between the N-type semiconductor
20 regions 4la to 4lc and the gate electrode 41d is reduced
| Ey the-self-alignment technique, no more than a relati-
vely low parasitic dapacity is established between the N-
type semiconductor regions 4la to 4lc and the gate elect-
rode 41d.

25 Likewise, the semiconductor regions-43a to 43e const-



and the el enment farmng region 43 are doped with a P-type inpurity such as’:™
boron. Sinultaneously.-with this, inci- dentally, the elenent formng regiop=
42 i.s doped with a-P-type i-npurity. Thus, no nore than a simlarly |ow 10/y" ,
parasitic capacity.is established.between the sem conduc- tor regions 4 {:345
to 43e of the P-channel type M SFET and the gate el ectrode 43f. Althoug -
nqQt especially Iimtative, the senico?ducLoqhsubstrate s attached to a tab

B ok B Pin b8kt fl SodERs fifennRd LS dant et
wel | - known W re_ bondi i G Then.. I C t suh- are and-
the lead fra ea$39§e§?gSE§§H% %’ n, Té# %%%ﬁ?f%}egﬂgﬁgsgégn%%gﬁﬁhd' e
desi red devigge. ne, A~ : eyl alhg Jfhd mucan be
pro- vented ThonEbcbhe, poly G aRne IRy boE BBh LR Te LAY s
present enboghdeghe Wel bma tuTdntitodrdg Dont he hokl evhasrede GO HHRN
directed to those investigations of the breakdown phenonmenon of the output
M SFE® whi céibhoen?26xide Hfddm,cdhhigielybgrybtalhinet sidicon 1EyerTHSE
dielectric breakdown can take place at both the P- and N-channel output

M SFETs. | nand dbhet elementi famming regiont Afdang, depedr widhess P-itympe

foll owi ng description-will be_nade upon,onlg one of the output M _SFETSs.
Fig. 25 1¥ﬁﬂﬁ}§YsﬁBﬁ§_§§qua94xnn§%W%% apePRELY Wathnd haaYeei =~

output M SFET 8.1 35 U58e! 219RA rdhigi S ohegt bhoul’ $8Uoped with

a P-type impurity. Thus, no more than a similarly low

10~ parasitic capacity is established between the sémiconduc-
tor regions 43a to 43e of the P-channel type MISFET and the
gate electrode 43f. ' o -

Althoughinot especially limitative, the sémiconductor
-substraté is attached to ; tab portion (although not shown)

15 of a lead frame, and the bonding ﬁad'and a lead portion of
the lead frame are connected with each other by the well-
known wire bonding technique. Then, the semicondﬁctor sub-
strate and the lead frame are sealed by a'fesiﬁ, for exam-
ple, thus completing the desired device.

20 . The reason why the;ga%e'insuléting film can be pre-
vented.from being broken down by the circuit and structure
of the present embodiment will be understood ffom the
following description directed to those.investigations.of
the breakdowﬁ phenomenon pf'the output_MISFET, which have

25 been conducted by the Inventors.



g ted in the following are indicated in dotted lines i:n Fig. 2. 10
n’Fi'g. 2, a capacitor [err] is conprized of such a para- sitic capacity as .
Sts between the external terminal T of the bonding pad 66 or the like !
and the terminal T at 3 the earth potet§al. A capacitor C ‘i's. .
conprized of 'a wiring capacity whircch is inserted into such an output line _
15 as cohhectielleetodonbrtgakdowrecten driienplafce et M@RETEhéerr] and
[err] and the resistor-[err]. A capacitor Jerr] Is com prized of a :
par asi tP€ aa@aﬂfpyawmaﬂ1qqﬁnn#wﬂ%ﬁEET§etmé%noﬂﬁ@nﬁﬁﬂrf&ﬂiﬂiﬁﬁ#@e of the
M SFET and which is made up-nain¥¥ of % e PN_j.unction,  capacity between
the drdfh@ wrdegstandipg ., ngyegtthelfpsandiee Lol Latiag & W t or
substr at capagi tor d._is_conprized,of a.parasjid apaciiy bst- ween
The gattd Shabfly BAf o or G SEEIp cp ) T8, Rl MR e B, 12,
‘@apacit o4 e e | t . GARAGH t WSy is
ggnpri£§%E§¥§§§%8%§5F9?%*é§g§%¥§€?g}gét,Q§§§%HE gg'overﬁ%ﬁggépa0|ty bet ween
the gat&n?@gtsmmmofast' Re usdd SEETekBlblin tMHY WA\ectir @RS ARL [err]
is conpriz of the output capacity of "the drive circuit DA and i's made up
the jungdin@D cEpasdentealyecnidecireunt pbritiony Yeledgrddatishserr] and
the substrate. Incidentally, a diode Dis 5 ° - a diode which is made up.
by the &N whilchi arefl omittditimethé hfolllawingndrtehd miihrsdtead einln t he

equi valent circuit thus far described, the
dotted lines in Fig. 2. '

.-o;hj? I ncident.ally, the circuit portions the explanations of which are

10 | In Fig._Q; a'capacitqr Ct is compriged of.such a para-
sitic capacity'as éxiéts between'the external terminal T

y of the bonding pad'66_o_r the like and the ‘Eermii_zai T5 at
the earth.potential. A capacitor Cout is comprized of a
wiring capacity which is inserted into such an output. line

15 as'cohnects the commoﬁiy connecteﬁ_drains of'thé MISFETSs,

Q3 and Q4 and the resistor R A capacitor Cds'is com-

out*
prized of_a'parasitic capacity which is connected between

the drain and source 6f the MISFET Q, and which is made up
~ mainly of the PN junction capacity between the drains of
20 " the MISFETs Qj and Q, and the semiconductor subétrate;

A capacitor C_, is comprized of a parasitic capacity bet-

| gd
ween the gate and drain of the MISFET Gy» in other words,

the overlap capacity between the gate and drain of the same.

gs
25 an overlap capacity between the gate and source of the

A capacitor C is comprized of a parasitic capacity, i.e.,



capacitors [err] and [err] are connected in parallel with each other.
Moreover, the serially connected capacitors 10 Cgd and.C are /",
connected in parallel with thé capacitors [err] and [err] which in turn/agesF
connected-in parallel. The resistor Rout substantially constructs an inte-—
grating circuit together with the capacitorLs [err] and [err]. Both the
pacitor [err] between the drain and, gat 615 and the capacitor [err]

C

bePwé h arge of th M, SFE -. bst ant i al .
Construct o BESEER Parol MATRRYETy| 81 FDEPREOR G Of | CTRELEEDEPhL i ve 1o
recei ve as a@h'fg%%tp\{fﬁ t@%%‘éﬁ%tﬁgg %&Ve?%i&%&i@ ﬂaéﬂhﬁ]sé t&(?)%%%“t put

M SFET [err]. criti ut

M SFET [ef 1] upS so@Shirkisith  Qapiderg. Bé%%e%ﬁ%ﬂ@%ﬂﬂé‘%@“&{%ﬁﬁﬂﬂ@ of

about 80 V as"a result th its gate insulating filmhas a thickness:of
about 700 tog OQ.nEiEIQ’é dril @ nPhvstrateapdaichiicRmn Rl £abpbsdd opsiserr]
and [err] actrng 25 ~as the overlap MS capacity of the output M SFET
whi chSis -16a diode7whirdparednade thp byl thel Bihgeatc tticxhnf opmedirize traslen
remarka- bly low. Those capacities are about 0.01 pF for the M SFET having
a channel '| eh§ehdaeigy [and |thsasebebmaker width of about 50[err], for
exanple. 5 I.n the 1C thus copstructed. the capacity of the ca-

paci tor Cds subst Jﬁ't itgﬁ ek e\ u%J-BFu&%o%guf FED dgif;c?’d?e%xam e, and
the Capac'tlggp%%fggiéﬂﬂﬁﬁztéﬁé Cds are connected in parallel with

each other. Moreover, the serially connected capacitors

10 ng and cgs are connected in parallel with the capacitors
cout and'CdS which in turn are connected in parallel.

The resistor R_ ., substantially constructs an inte—
grating circuit together with the capacitors C°ﬁ£ and Cdé.
Both the capacitor ngfbetween the drain and gate

15 and the capacitor C s between the éate and source of the

output MISFET Q, sﬁistanfially construct a capacity vol-
tage~dividing'circuit which is made operative to receive
as an input voltage the voltage applied to.the drain of
‘the output MISFET Q.
20 . Although not §ritical, thé_output.MISFET
' Q, is constructed to have a gate breakdown withstand vol;
'tage'of about' 80 V as a result that its gate insulating.
film has a thickness of about'700 to 800 X, for example;.

The capacities of the capacitors ng and C__ acting

gs
25 as the overlap MIS capacity of the output MISFET which is

- 16 -



-rr] and [err] substantially have a val ue of about 0.2 pF- The capacitor
has a remarkably higher capacity, 10 . e.g., '0.5to 1 pF than that of
capacitors [err] and [err] of the out put M SFET not wi t hst andi ng t hat
. M SFETs constructing the drive circuit :DA are usually made to have a
remarkably smaller size than the out put4yeM_SFET, because it is nalnly made -
up of the PN junction capacity. 1% The vol t age source for 4
gener atpPgpihed abpothel self-Gl inhegt Sechnigueherier mided@dmetieatricity
can be simul ated by ‘a condenser Ce which is to be charged through a switch -
SW by &lly clopoweTheser capcifidmughe naboupeO.OlapFy flamithst iINESFETe
capacity of the condenser Ce has a 20 val ue of several tens to hundreds
pF, e. dhavie® prchanunelnd engiutol &b pegeand shehanpelpoiisitlsf ce E has a
val ue of 'several hundreds V, e.g., - 250 V. At an initial state before the -
abnorna?b?uﬁlaglﬁﬁthSE ﬁ?%ﬂﬁﬂ?ed to the external terninal [err] the gate,

25 f the M SFET I ial, f
L iy examﬁ” 8 b Sl R TR R BB GEPRe iR A RS A% ext or nal
termnalods 50 ghat p@%»&ngﬁﬂytgssoat9uigg'd§g§}bo&t < @ Nl gh Vo' tage,

a vol t &ge appearésbe e drain ut put M SFET
Lerr] agpa £68 Ubkafib1ENC iRPAMNd Youpht 2ETed! BrShaR cpaAtoddie esistor

[err] renove om’t he enbodi - i
ouf and Ct substant;a;ly have a value of about 0.2 pF.

The capacitor C;, bas a remarkably higher capacity,

10 e.8., O.s to 1 pF than that of the capacitors ng and cgs

of the output MISFET notwithstanding that the MISFETs
constructing the drive circuit DA are usually made to have
a remarkabiy'smailér éize than the output MISFET, because
it is mainly made up of fhe PN junction capacity.
15.' - The #oltage source for generating the abﬁormally
high voltage such aé the frictional electricity can be
simulated.by a'condenser Ce which is to be charged fhrqugh
a switch SW by a d.c. power source E. Although not spe-~
cially limitative, the capacity of the condenser Ce has a
20 value_of_several tens to hundreds pF, 'e.g., 200 pF, and
the output voltage of the d.p..power source E has a value
of‘éeveral hundreds V, e.g., - 250 V. |
" At an initiai state before the abnormally high voltage
_is_appliéd to the external términal Tz, the gate, drain

25. and source of the MISFET Q, are at an equal potential, for



ment thus far described, the capacitors [err] and [err] are
substantially connected in-parallel with each other. 10 Si nce the
capaci t or [err] has a high-‘value, as has been described in the above, th
conp03|te val ue of ‘the capa- citors [err] and [err] becomes far higher th

that of the capacitor [err] As a result, in case the resistor [err] s
ren$¥§d, a voltage substantially equal jto th drain vol -- 15 tage is
applied between the gate and drain of the™ SFET. [err]. The result is that

t he M SFET [eﬁKFmﬁ&§ |ts gate insu- lating filmbroken down by the abnorma
voltage applied to rain_thereo n_this enmbadi t ciycuit,
on thg colr[:ltorary 2 dc\»r?er? nOW’@i}%AS%gg vf’%r’tlaﬁe S gﬁf}:? hehe
capacitors [err d.C a I e bnorna-
1y high voFtSﬁ% %@a&eﬁ%f %¥3 §B ?hb@ #ﬁe ?%%%%i%ﬁ'v tage |V|d|ng '
ratio can bewtn&1 £ Sgnt%?kés r§31¥iéh \Na@eagae M SBEL e fpgiased e tlidd R

fed 25 ormal vol tage VD s ‘gate vol ttage "Can be raised

- Irgespect the dalife =3 gf£tecodf thbecnspadi MISHRI rq4 tas wickesuMal ue as
|s determ ned by the capacity ratio of the capacitors [err] and [err] and
by the vol t agef[ éhe] capathidtxapaltegeedivieion.and [err] take substantially
equal capacities to 5 each other. As a result, the voltage to be
appli ed bet- ween Hie c@ae el TRsiater Rhg issremoved: firase thawsmhodb-a

substantially half vyalue of {he vo ge lerr q nt | the breakdomn
wi t hst and voIPS Ush & a r: £€§ he ¢ Paco% %? gid &

substantiaslly connected in parallel with each other.

10 Since the capacitor C; has a high value, as has been
described in the sbove, the composite value 61‘ the capa-
citors C;, and cgs becomes far higher than that of the
capacitor ng. As a result, in case the re51stor R é

_ removed, a voltage substantlally equal to the drain vol-

15 tage is applied between the gate and drain -of the MISFET
Q- The Tesult is that the MISFET Q, has its gate insu-

" lating film broken down by the abnormal voltagé applied
to the drain thereof. . | | '_ |
'__ As shown in this embodiment circuif, on the contrary,
20 when the resistor R;. is provided, the'capacitoré Ces
end C, can be substantially isoclated, while the abnorma-
11y high voltage is being applied, so that the capacity
voltage dividing ratio can be increased.
As a result, when the MISFET Q, has its drain fed

25 with an abnormal voltage Vp, its gate voltage can be raised



W proved to a value twice as high as that in case the 10 - resistor R
i’g\pot provided. In other words, the gate.insulating filmis not broken

wh until the drain voltage Vd exceeds a val'ue twi ce as high as the

stand vol tage between the gate and the.drain. Incidentally, although

A specially limtative, the 15 time constant determned by the . =
resistor [err] and the capa- citqr [eLrkgis set at ‘a relatively high val\uey

as.conpared with,the risi t - a t QF" ta he

M SFET [EFT{SPRRF Kgi gkfilet?%r n%}{r%%l %gé% hg T gisllestla_gp g'r T, (qwq'g?age%% ors
[err] aqgs&ﬁiﬁé 889;803@tertined by therQﬁacgt&!E%%Ekﬁkﬂﬁiﬁﬂ? exanpl e of
the transient response characteristics of the drain voltage [err] and a
.gate vold f{e6prE cWheankdhe abnaideby voheagelitagepilj.ed T tdwpd-er mi nal
[err]. - %g I's appargat from&% g. 3, ¥he drain vgﬁta e [err] is raised with
the ti neLioowsalt , whicl js ke 2dubstantialilyedqalt vap=esitsies §a@rr], the
* capacitors [err]ggnd [erﬁ%f- -20- and so on, whereas the gate voltage VG
55 rai sezholt bthenal f Agr adinarulihctie avalbeseaye ber d@prldiadiated, as

indicated in a broken curve in Fig. 3, bﬁ s&g breakdown of the djode D5
whi ch i Weemsthaceadeorndhdnaiy wktthe DEREd Yheam Bie, laerathtQat e of

(a1 t hough FRRSERBHARLI BRAS alit ot | Bie, vodfaBe iz Gonsra et Fa o
As @ re Rl e 8iEBwh WithA A To108e8 BECTAAOMISIRT 3P dH e 29

improved to a value twice as high as that in case the

10 resistor R; is not provided. In other words, the gate
insulating film is not broken down until the drain voltage
V4 exceeds a value twice as high as.the;withsﬁgnd voltage
between the gate and the draig. -_ B
':Incidentally,-althoﬁgh-not speciallyflihitative, the
15 time consﬁ#nt determined By the resistor_Rin-and.the capa-
citor Cin_is sef at a relatively high value, as compared

with the rising time constant of the drain voltage of the

MISFET Q,, which is determined by the resistor R_ ., the
‘capacitors Cis _and_Cout, and so om.
20 . Pig. 3 illustrates one example of the tramsient

response characteristics of the drain voltage Vp and a
gate voltage'VG.wh_en the abnormal voltage is applied to
the terminal T,. As is apparent from Fig. 3, the drain
voltage Vy is raised with the time constant, which is de-

25 term;i.ne_d, by _tl_1e ._resistor Rout’ ‘the capacitors 'Cds and Cout’



10 hi gh as about 50 V, the drain voftage [err] is raised to ex- ceed

that breakdown voltage [err]. Incidentally, in case the resistor [err]
not -provi ded, the MSFET [eir] has its gate voltage [err] maintained
sfibstan- tially at<0 V so that it is kept non-conductive. -As a re- 15

sult, the drain voltage [err] is |lowered only by the breakdown of the diode
D. M\gn t he contrary I n case the resistthQ%ﬁs provided; as in the

enbodi ment ci bei n SLLD g% &£ ] uctive
when its gat VO|% ggéﬁ[g‘r‘g?f"g% ?gles %teo su s %nt‘lr%J %%%gg \gﬂfﬁ g
drain vol t age AG %Fa&f%ﬂ As a result t he di schargi ng rate of the-drain

vol tage [err] can De acce erated. Thus, -.if the rise of the drain vol t age
[err] can be de- pl‘lﬁ‘és&ﬁ'alﬁh@obtagbd W tihnterrst y ob & aped£aat e idr hher
I nproved. 25 Fig. 4 illustraties a characteristic curve which pl ots

- 21 - the r dgkemstupvéeincBigtlhd,r by diher Hmraldowet ef ntheddbydehat
simulation and the size of the MSFET. In Fig. 4. the abscissa indicates
the chgnnel witdidh \i§ ecopstruchedoofpiheVEEunclion Heebveenatbei daaiat es

5 ., "the resistance Jerr] of the [err The characte- ristic
curve plots @me xR %%ﬁE% o5 thpt MY %@ ﬁhe(min%}Qﬁ§$?%1$reﬁkﬂoqh°de
e o A TABk e LRSI M SERTen % PRt a6 8u0° ©
predEterninedéﬂgﬂgg%aﬂffgifyoéoﬁgﬁiﬁktedrm% the substrate. A4As a re-
| sult, even if the diode D has a breakdown voltage V, as
10 high as about 50 V, the drain voltage VD is raised'to ex—
ceed that breakdown voltage V,. ' .'
Incidentally, in case the resistor Rin}is4not provided,
the MISFET Q, has its gate voltage VG.maintaiﬁed substan-
| tiadlly at O V so that it is kept non-coneﬁctive. As a re-
15 . éﬁlt, tﬁe drain voltage Vp is lowered only by the breakdown
of the diode D. On the contrary, in case the resistor Rin
is provi¢ed,-as in the embodiment circuitebeing described,

the MISFET Q4 is rendered conductive when its gate voltage

e

Ve is ralsed to substantially one half of the draln voltage

20 .V As a result, the dlscharglng rate of the drain voltage

D*
VC can- be accelerated |

Thus, if the rise of the drain voltage Vp can be de-
pressed, the breakdown withstand voltage can be further
improved;

25 | . Pig. 4 illustrates a characteristic curve which plots



y cinféities of the capacitors [err] and [err] used in the out- put M SFET

- g€ eRioportional to the channel width W For exanple, the capacitors [err]

®Jr] have a capacity of about 0.013 pF fdr the channel width of

0 exr]. 15 . As will be understood from-Fig. 49 with the increase
in the channel width W the capacities of the capacitors [err] and [err] .
are accordingly increased to havest hekr2fakues increased relative to tha 4
of the | . SO LS, of th ' r. herr] can be
Cow 20 Y #ePht} SRk pe el CAE HELERERR R, | "Rek RSB HEL" ¢ (e
resi st ok ¥ rd1dnd1 384 ol pABOLd lnizd Nor ObHE  MERpERL L OTS aré made fo have

such capacities as have been described in the above. On the other hand,
the foregoi NgIAEBLE | Pl OBhieS sY B S84 Vi@ hEdst enbhendingleannaly M SFET
which will 25 e dielectrically broken down by a positive vol+tage.

-22- Si wdpm}p ofit the MiSPETs MEZBRETR heand ghhesopdannted indtik aitees resi stors
so that they may be prevented frombe- ing dielectrically broken down, the "
'eﬁbodim@hﬁ(ﬁ$§i§$a@ﬁes(ké?)déﬁbﬁhﬁxﬂ%ﬁkﬂtnntRﬁﬁve The chimakctew rent
capacity 5 _ sacrificed sg that its integration is not-deteriorated.
IncidenF%qRECsﬁ?ﬁ%ﬁtHi°F§sW?FbFQQ%ﬁ#%ﬁ%ﬁdﬁOFOaﬁﬁﬁénange§h§tddce of about

ayer, SOSrE AR e 68RAPFB A AR 9k 728 tor [orr] properly Taises the
gge forgggfngﬂiéggg?%%?gﬂ?i??kigngggp?ggﬂggEﬁoigaﬂgdea%éiia%%p%{eht from
gate breakdown strength of 80 V. The output MISFET ‘
10 also has a predetermined chgnnel:length of 6, um. The
capacities of the capacitors ng and C used in the out-

gs
put MISFET are proportional to the channel width W. TFor

example, the capacitors ng and C__ have a capébity of

. gs
about 0.013 pF for. the channel width of 50/um,

15 As will be understood from Fig. 4, with the increase
in .the channel width W, the capacities of the'cépacitors
ng and Csé
increased relative to that of the capacitor C;, So that

are accordingly increased to have their values .

the resistance of the'resistor Rin can be low..

20 . - In this simulation,_incidentally, the resisfance of
the resistor R, is set at 2001. ' The other capacitors
are made to have such capacities as have been described
in the above. On the other hand, the foregoirng deécription
is similarly applied to the N-channel MISFET Q3 which w?ll

- 25 be dielectrically‘broken down by a positive voltage.



have a parasitic capacity as.little as possible with the sem conduct or

substrate. Therefore, .that- resistor [err] is desired to be fornmed on the £54¢

field oxide film as is 15- ° shown in Fig. 7. On-the other hand, 'the \
resistor [eérr] is not necessarily.indisp able but is relatively effective
as auxiliary ; protecting nmeans tfor preventing the gate
iqé;;ating filmfrom being broken down, The resistor [err] substantially 20
fo an in [ oy ' ' kY nc suLih the -
parasitic capaci t)tﬁg:[ I ch i sél?g#bn%dﬂgg?ﬁv\sggr%‘f{?e ﬂlan%a%ﬁgeégﬁr%% uct or
substrate, tRhARIPHD rFed BEEyBE Ys§athataehey InayeIddr prdPedbed stpem Beak of

t he abnormal high voltage which is to be applied to the drains 25 of
the out put MifigFBselddtrileal by | yrokba desinst dhd enjodiment cPBeube

di spensed with by sufficiently enhancing the protecting effect by the-
resi stor [erthus [fax Hesimibedccioenaret have ihe outpuhi eigrpend| capacity
Specifically, in this in- stance, the resistor [err] is required to_ have a

rel ati$ely 5sacTifiified &9 sthatelbachnisagardan umpedetpmioratedvera
estrict the out pAHSEALLY | KGR, Lo SHITAT dog it BA4: FB GavRe of
L output MeSELSAHELY 6k | PotRCPCt LAY S, S0 Gebn Bl R 20
g{‘gte gf dfﬁgrg‘é{l%%&te%"éf‘”é £88aRE£ANAY s 111 ddUS FaFEr, NRYEHES vEBE
described. Since the resistor Rin properly raises the
10 gate voltage V, against the abnormal voltage, as is
appareﬁt from the foregoing description, it is desired to
have a parasitic capacity as little as possible with the
semiconductor substrate. Therefore, that resistor Rin.
is desired to be formed on the field oxide'filmg as is
15' shown in Fig. 7. . |
On -the other hand;-thé resistbr Rout is not necessérily
indispensable but is relatively effective as auxiliary
protecting means for prevénting the gate inSulating film
from being broken down. The resistor Rdut substantially
20 forms an ... . integrating circuit of its own resistance
together with the parasitic capacity, which is formed'bet-
ween itself and the semiconductor substrate, fhereby to
relatively satisfactorily eliminate the steep peak of the
abnormal high voltage which is to be applied to the drains
25 of the oufput MISFETs. Incidenfally,.the resistor Rin can




<~pul.buffer circuit is abnormally enlarged. The problens thus far described
a@=e elimnated 15 for the construetion in which the resistor [err]
Oped. so as to protect the gate insulating film- As has been described in
above, the resistor [err] is required on one hand to have a relatively
resi stance and on the other hand tg _have such a relatively 20 hi gh..,
parasitic capacity as can ensure suf i &demt |ntegraf- i ng operations. \dnf

Theref orge 408peRTed Wifiervy sorfeeicady t
sem condugt or reS| stor layerl} avzlrng t he onj unctlon e%ﬂv\ge ??é% éﬂgnd t he

seni condggtestsulstial ecebstor RS t§_t10\/\/trnl ki) instance, 26herdhe present
i nvention should not be linited t8%Fhe enbodi ment thus far described but
can enpl ayise the dwlidwing fproblemsit SpeicivEdallyr] rinithiwi £4-i ncl udes
1l oad neans constructed of a depletion type 5 MSFET [err] -and an out put

M SFET s@tanes,athenrariator Rype DESPETUided tadatowe rel&tively

I nci dent al | the | oad neans be nodified such that the. depletion type
' MZSFET i%‘%%pr ﬁﬁéét@}l‘%ﬁl sé%ﬁ?bn%%nﬁﬁ’[’e?? ehl‘o‘InQF'i\ﬂi orobmgHte hsevenalit is

to.con- struct an open drain.

d { h b
out put  EHEEPPES A SRty 4%#0#%3%?33&85 SN st AT LEbBRE. pul |
Qutbul LY pRAULRASLIY e S0 QUOERE! oftERY loudbendd %8 S 0Bl "

out put err he  drail
put buffer clrcult. If the sizes of the output MISFETs

constructing the output buffer circuit are remarkably
10 enlarged, the resistance of the resistoy Rout can be
accordingly_lowered so that a desired output current can
be obtained. In this case, however, the_siie of the out-
put buffer circuit is abnormally eniarged. '
' The problems thus far described can be eliminated
15 for fhé construction in which the resistor Rin is used
- so as to protect the gate insulating film.
As has been described_;n the above, the resistor
Rout is required on one hand to have a relatively low
resistance and on the other haﬁd to have such a relatively
20 high parasitic éapacity as can ensure sufficient'iﬁtegrat-
ing opérations. '
B Therefore, the resistor R, ut 1S de51red to be const-
‘ructed of the semiconductor resistor layer having the PN
junc#?on between itself and the semiconductor substrate,

25 as shown in Fig. 7.



but put M SFET [err] are connected with each other and with 15 t he

externdl térmnal T. - In this enbodinment, the MSFET [err] and [err] ha @6

theit gates connected with-resi'stors [err] and [err] respectively. Y

koreover, the output buffer circuit should not be limted to i nverters

“but may be fofned by any 20 '~ gate circuit such as NOR or NAND or
en drain type MOSFETSs. 25- CLAINB: - 1~ 24 A sem conductor integrated

chkeuit device conprising: an output circuit .including.an . insul ated gate
field effect trandPsPEeSERERY @%_WJEBHEGCPBF be g&t‘i’é-ttreéit &o tihe

insul ated gate field.effect fransist havy first output el ectrode, a
second out p?}Pbgflé{?FPgdé’, uﬁnc#a:f ?.%cgi'%%@rhgg, g?ﬁeeggtlﬁ&t_ac rcuit being
adapted to generate 3 pvepn t Qtﬁegjt Slapal to an
external term nal? F%g %&g’ﬁcersdna Ie’?%{]ﬁgﬁhge?%g ftlgl?rr?e on %‘?e . -
seni conduct ghi sHbshe2t@edNd 2 Nk £04!PE 68stBubBeds 8FoRd dalii ¢ agfgode of

the insulated gate field effect transistor; a drive circuit fornmed i'n the

semi cs)nductMISEE'BsQEahndf @n gartanet i MOSFET suchubpuian enhiamenditl epfpel5 a
drive signal to be fed to the gate .el ectrode of the insulated gate field
ef fect tran¥ISFET,; Qgrdasi showresintBigaeans Eonidensaligt,nddre tlmadut put

means may be modified such that the depletion type MISFET
is replaced by an enhancement type MISFET ob such that |
the it'is omitted from the monolithic IC thereby to con-
10 struct ﬁn open drain output circuit.
As shown iﬁ Fig. 6, moreover, in the inverted push-
.pull output circuit equippéd with an inverter circuit IN,
the séurce_of an output nISEET Q7 and the dfaiﬁ of an
output MISFET Qg are connécted with each other and with
15  the external terminal T. In this embodiment, the MISFET
| .Q7 and Qa have their gatés connected with resistors_Ri#‘
and.ﬁin? respectively. N o E
~ Moreover, the output buffer circuit should not
| be 1imitéd to invertersbut may be formed by any
20 gate circuit such as NOR or NAND or open drain type -
MOSFETs. | | |



termnal of the drive circuit and the gate electrode of* the insulated gate
effect transistor, the 20 first resistor means being fornmed on an

N ‘=t|ng filmon the seniconductor substrat €, ions are
"r med at the end of the first resistor. rrean llmwumulrww[“ caIIy !
conmécted to the gate el ectrode. 2. A semi conddct ér tnt®grfatéd circuit —~
devi ce 25 according to Claim1, furthé® tonprising second resistor neans\dg”
connected bet ppgiiMgbe . second output el ectrode and the external termnal. 3.
A sem conductOr Tntegrated circuit device according . to_Caim2, wherein the
resi stance of lthe 38 §§Ebﬁﬂn¢E§F§Fo+nﬁﬁﬁﬁ§tF§ SHEFRLE de¥kCehat of the

- first reS|stoaoﬁpgm§1n4 A sen1conductor Integrated circuit devi ce
according to Caim2_or %1 t g n tge secong. refiiF neans is

formed by a sem confRcPBFPRECFLEGH ot pELMARnFoRR: ToFLshrT FRES on w th
respect to théieddi effidatt brassbstont formed- 26-a5semicdndectaonduct or

i nt egrat edg Ci cg 0 f erein

e Phour s cusBlibedEY) SEnprifgtl eea aRtl 2118 o ELERal s diotic

regi ons  f or reBavingha §éﬁ$§oﬂﬂﬁﬁﬁbrebﬁﬁﬁ¥¢@?e asseaen@ heutprt el ectrode is

forned bet weeeweeréaercsnang gaeénexeetﬁaae,tbﬁegaﬁ Efe@ifé’@:@tbel ng
construct ed oL a cogductlon tgg g X Xsta I|n é 30 | ayer
elng lapte to generate an output szgna elive
that output signal to an_external terminal, the
10 external terminal being formed on the semiconductor

substrate and being coupled to the second oﬁtput -
electrode of the insulated-gate'field effect transistor;
a drive circuit formed in the semiconductor
substrate for generaﬁing, at an output terminal thereof
15 a drive signal to be fed to the gate”éleCtrbde of the
insulated gate field effect transistor; and -
first resistor means connected between the output
terminal of the drive circuit and the gate electrode
of the insulated gate field effect transistor, the
20 first resistor means being formed on an insulating film
| on the semiconductor substrate, such that PN junctions
are not formed at the end of the first resistor means
which is electrically connected to the gate'electrode.
2. A semiconductor integrated circuit dev1ce
25 according to Claim 1, further compr151ng
second resistor means connected between the
second output electrode and the external terminal.
3. A semiconductor integrated circuit device
according to Claim 2, wherein the resistance of the
30 second resistor means is smaller than that of the first
' resistor means.
4. A semiconductor integrated circuit device
according to Claim 2 or Claim 3, wherein the second
resistor means is formed by a semiconductor resistor
35 region forming a PN junction with respect to the
semiconductor substrate.



formed on an insulating fil'mon the sem conductor substrate, the Source and
drain-regions being self-.10 aligned with the ga mhereln
the first resistor neans is fornmed by a first co ﬂﬂ%l“ﬂﬂ“lﬂﬂn
poly-crystalline silicon layer. 6. A senlcondu om | Rteyrat ed circuit
device according to any one of the precedlﬂg clainms wherein 15 the first

resistor neans is formed into a pattern whith is folded back on itself. 7.
AX i conduct or d®wice Acsemiiconductonyinftrgrstad ¢ inaiddidey ideai ns,

having: a pl ur al i ddcofaphy P &hy Cohd Sof CRLMIIP Yo %), Giridiifl ieid uding an

I nsul ated gate figld effect transjstor i semi conduct or
substrate, each iiRsHlated Gate field #54aqt transistar Haslugdes sounce

out put el ect rode,azeas&ﬁﬁud Pons ef &eidd ditn wlsﬁhtdbxﬁwdze%wyﬂme,
output term na:l’

ate ectrode each o t terr aI belng f
on the seni cornduc?¥ ‘? s‘ﬁta?e SFF R ’cﬁlébmﬁ‘fé{)#t i’
out put term nal s,dxmdixh fegldmdlttya(baw sleptaticie deing Mtﬁu@tﬂed)dﬁ of a

correspondi ng i nsyl f t Iy y of
first resistor rres&lang{ connec edégi&v\e% tﬁﬁé'u tazirl% nal %oﬂn‘i ?e:rf/e :
circuit and the g%ﬂ@%@e‘é‘!r%e’s“%ﬂﬂn’é‘%cfﬂr]@s@hd?% ﬁ%ﬂ%@é’d’tg’&'t e field
effect transi st 0f§ub§@£&‘té’f ﬁli’l@ ddurde dnd %a'itrprre@.%ifs ity fseiped on the

insulating fil h ncti ons are .not  forne the ds Qf the
1ot reotst orlUealionel ot oh HiE 2vs SYecrinanoand Hisrein ¢
: resistor means 1s.formed by a first conduction type
poly-crystalline silicon layer.

6. A semiconductor integrated circuit device
eccording'to any one of the preceding claims wherein
15 the first resistor means is formed 1nto a pattern
which is folded back on itself. .
7. A semiconductor device accordlng to any one of
the preceding claims, having:
a plurality of output circuits, each output
20 circuit including an insulated gate field effect
transistor formed in the semiconductor substrate, each
insulated gate field effect transistor having a first
output electrode, a second output electrode coupled to
a corresponding output terminal, and a gate electrode,
25 each output terminal being formed on the semiconductor
substrate; and _
the drive circuit having a plurality of output
terminals, each for feeding drive signals to the gate
electrode of a corresponding insulated gate field
. 30 effect tran31stor, and '
| a pluralzty of first resistor means connected
~ between the output terminals of the drive circuit and
the gate electrodes of the corresponding'ineulated
gate field effect transistors, each ‘of the flrst
35 resistor means being formed on ‘the insulating film such
that PN junctions are not formed at the ends of the
first resistor means which are electrically connected to
the gate electrodes.



the gate el ectrodes. 14 8. . A sen1conductOL_LnLegFa%ed—e++fxw1 device

rding to any one of the preceding clains mh output
' it includes P-channel and N- channel |nsul Iﬂm fect -
ﬁ?;;i istors, each 5 having their drain electrod he+ ext er nal
f

b

-

nal, the or -each drive signal Z7f6d fron1the dr|ve circuit to the )

a electrode of each insulated gat€’fTeld effect transistor, of the or
correspondi ng.out pat semiconduetdrt integrased éireﬁxtedéeioé means is 10

Cireu t and tHESRAMES  Po Fpdckhg SR ke it Rt ol Mhetefacy
transi st or otheheroeacheoubputspbnciuiy nucbude3|rtohannel and AN-
seni .conduct Oéh?HBSQr%SQIEE gééété'efiéfd @ffé'@été‘f'éhéléﬂof‘é agycplescri bed

her ei n mnth erence conrpanyi ng draw ng
having their drain electrode coupled to the external -

terminal, the or each drive SLgnal is fed from the drive
circuit to the gate electrode of each insulated gate
field effect transistor, of the or a correspondlng
output circuit and the or each first resistor means is

10 connected between the or a corresponding output terminal

- of the drive circuit and the gate electrode of each

insulated ‘gate field effect transistor of the or the
corresponding.output-circuit;
9. A semiconductor integrated circuit device

15 substantially as any described herein wifh reference to

" the accompanying drawings. ' |



