"Sem conductor integrated circuit device". The present invention ?‘eﬁ)%\(‘as\ ?3

a sem conductor integrated circuit device (1C) jncluding MOSFETs (insul ated C
gat leld effect transistors). Mdrre often than not, an abnornmally high
VOIEg%é 5 (surge voltage) such as frictional static electricity is o
und ably applied'to an external termnal of a sem - conductor integrated ..
circuit deviice during transportation or qandling of the device. To prevent
breakdown of the gate insulated film10 ' =~ of a MOSFET for signal input
due \{ o such an abnormally hi'gh voltage, an input protective circuit is
generally arranged in a sem conductoer integrated circuit consisting of

MOSFETSs. In this cgse,.it _has,bee el t y wage | eve
appl i ed between trmagﬁh@?%ﬂHEQSEPEeET%eééa%ganéigﬁgggndgﬁégéafe and drain
of the MOSFET virtJalfTy UeTerntnes i1 the gate rnsulating filmof the
MOSFET i s broken down or not.  For this reason, the ordinary input
protective circuit has such a construction which limts -2- the vol tage
applied across the gate and source or across the gate and drain of the
signal input MOSFET to bel ow the breakdown voltage of the gate insulating
film As will be describpdeiprdeball shyeett o MELEEYE Bo a semibeHAUdHaR
in a sem conductor integrated circuit aevice including an input circuit of
a type In which @grdfd &Prouit device (IC) including MOSFETs

(insulated gate field effect transistors).
More often than not, an abnormally high voltage
5 (sufge voltage) such as frictional_static electricity is
undesirably applied'tolan e#ternal'terminal_éf a semi-
conductor integrated ciréﬁit device during transportation
or handling of the deviée.' |
To prevent bréakdown of the gate insulated film
10 - of a MOSFET for signal ;nﬁut due td_sucﬁ an abnormally
high voltage, an input protective circuit is generally
arranged in a semiconducfor integrated circuit consisting
of MOSFEis. In this case,lit has beén believed that
only a voltage level applied between the gate and'sourcé
15 or between the gate.and drain of the MOSFET virtually
determines if the gate insulating film of the MOSFET is
broken down or not. Ebr this reason, the ordinary input

protective circuit has such a construction which limits



be“applied to the external terminal is directly applied to a transm ssion
gate MOSFET (hereinafter referred to as the "drain input type"), the ga
ingulating filmis broken 10 ., down even when the peak val ue of the
surge voltage applied'to the input electrode of the transm ssion gate
MOSFET, or the drain or source electrode, 2 s |inmted by an input protective
circuit to a level below the breakdown voltage of the gate insulating film
15 -~ Accordingly, it is an object of the present invention to
prowde a seni cothieicvaltageegppldéddcaceoss dhe gatiendndlisguree iowudcross
circuit of the drain input type whose el ectrostatic breakdown strength is

inproved. It is gH@tgete OBhECHraint BE !%h%s,%&gniaﬂ.V‘i'ﬁﬂnPdT%FET to [PePswVi de

a sem conductor integrated circuit device incCluding an input protective
circuit capable Lol zing the.drop i.n,the si.gnal_change sp . It is
anot her object(ﬁﬁ?[ﬁfé#%égﬂﬁ Vﬁggﬁgﬁoﬁf t o%&ﬁéﬁ%ﬂ?%iéﬁiﬁ% tor

I ntegrated circuit device including an input protective circuit suitable
for a seniconductor menor yAsTHEldr Beefesemibed dm idetigddedafrm ame we have

following 5 facts and observations. W have confirnmed by carrying
out experinents fdwid ithatstm aosemitondusteg dhtdariatad tcideoure device

(hereinafter referred to as an "IC'), even if an input protective circuit,
consi sting of aiﬁﬁﬁﬁﬁﬂﬂﬂgcéﬂriﬁﬁﬁ£559¥cuit of a type in which a signal to
| be applied to the external terminél'is directly applied to
a transmission gate MOSFET (héreinafter referred to as the
"drain input type?), the gate insulating film is bfoken

10 down even when the peak value of the surge &olfage

applied to thé.inpﬁt eiectrode of the transmission gate

'MDSFET, or the drain or source electrode, is limited by
an input protective circuit to a level below the breakdown
voltage of the gate insulating film. .

15 Ac¢ordihgl ,_it is an object of the present
invention to provide a semicondﬁctor integrated circuit
device iﬁcluding én.input Qircuit of the drain input type
whbse electrostatic.breékdoﬁn strength is improved.

It is another_object.of the present invention

20 to provide a semiconductor integrated cifcuit device
including an input protective circuit capable of
minimizing the drop in the signal change speed.

It is another object of the present'invenﬁion



l'ectrode of a transnission gate MOSFET and a vol tage clanpi ng MOSFET . .
nserted between the input termnal and a zero Jpotential point of the v
circuit, is arranged, the gate +n3utating fil mof the transnission gate '
MOSFET 15 i s broken down by an abnormally high voltage applied to the
external term nal. Due to the breakdown of the gate |nsu£at|ng film the
gate el edior enOvEie tacsemboondustorodategrated cdaiqbife)deyic
short-circuited. Incidentally, the voltage-current characteristic of 20\-a9
t he drai Anbincling aenthpatsppotectizel gircuit suitabiteglor aBr eakdown
occurs especially easily if the size of the transm ssion gate MOSFET is

snaller éaﬁ#? i ng MOSFET or the channel length of the for-
S shg(%?{ler than ?%nﬁeﬁ#f?ﬁe Iatter in order to |rrprove 5

characterlstlcs of j.he trans |on EET s a

‘transm ssi on speed. qﬁgrﬁﬁFE EUFQt ﬁ&'gPSQQﬁeéj ?ﬁ ﬁ%?n58¥igﬁégghas a

breakdown wi t hstand vol t age equal to that of the gate insulating filmof

5t he trandiaichs emdRksersEEToRBiel e the drain of the former 10 i s

commonly connected to that of the latter. Accordingly, an equal surge

vol tage is applied W& haeedeonffirakedbdiyh caranyding cutl éxpesimentsen gate

MOSFETs. Neverthel ess, the gate insulating filmof the clanping NCSFET is

more di i uyld é‘%éﬁf@gﬂdﬁ@tor integrated circuit device

§E§6’ i nserted between a signal input external termnal and an input

(hereinafter referred to as an "IC"), even if an input
nrotective circuit, consisting of a semiconductor res1stor
10 inserted between a signal input external terminal and an
input electrode of a transmission gate MOSFET and a
voltage clamping MOSFET 1nserted between the input terminal
and a zero potential p01nt of the circuit is arranged,
the gate insulating film of the transmission gate MOSFET
15 is broken down by an abnormally high voltage applied to
the external terminal. Due to the breakdewn of the
gate insulating_film, the gate electrode and the inpnt
electrode (drain electrode) are short-circuited. |
Incidentally, the voltage-current characteristic of

20 the drain junction remains substantially



15 The mechani sm of why and hew the gate insulating film of thi§;>u%
transm ssion gate MOSFET breaks down even at a yol- tage belowits

br gakdown vol tage has not been, sufficiently clarified, however, the

f 6I""owi ng assunption may be nade fron1fatt%?3 relating to the size of the
transm ssion 20 gate MOSFET, factors associated with the circuit
construc- tion and fromthe fact that the gate insulating filmof the

cl anpi ng MOSHizichangede diBdfdakdéwhr eakdaen.espereiyllyheabidgkddwmtheol t age
at &he p-n junction between the drain or source of the MOSFET and a

sem con- 25 size dfictbe dmismissionsgahiead{OSFEY dst emalded Hpnan dihdtace
breakdown vol t age because the depletion | ayer which ex- tends fromthe
source or dra®f bhet pdamodmEr NOSFRE eenitdenhtkamrebubsngihe ofs thestfiart ed
by the presence of its gate electrode. For this reason, the breakdown 5

current densi®§T alst RBOFEGTSRAD dFRRR Pdndthonl BEEBRednnARIRA Hon ioRFOve
prOXMLY, OF, SheckiBSLOD Bl PR LUS el o SLLONEHE Hotie o d e
rentoned pordh o sagma, rebbal UBe AT HE' BalE O Segpe i
gate, ol oot odes ph bEechEe RSP AOLSRHOTA 4 o AObAGUACHIER Akl
circuit such s g,6L0gKuRY! % HNLEALEORKG T&td - in¥eatifg $408° otoldRge
transmission gate MOSFET while the drain of the former
10- is commonly connected to that of the latter. Accordingly,
an equal surge voltage is applied to the drains of bdth'
clamping and transmission gate MOSFETs. Nevertheless, the
gate insulating film of the claﬁping MOSFET is more diffi-
cult to breakdown. |
15 . The mechanism of why and how the gate insulating film
of the transmissién gate MOSFET breaks down even at a vol-
tage below its breakdown:voltage has not been sufficiently
clarified, hoﬁever;_the following assumption may be made
from factors relating to the size of the tramsmission
20 gate MOSFET, factors associated with the circuit construc-
tion and from the fact that the gate insulating'film of
the clamping MOSFET is more difficult breakdown. |
Némely,-the'breakdown voltage at the p-n junction
between the drain or source of the MOSFET and a semicon-

25 ductor substrate is substantially determined by a surface



E)ﬂ;is«applied'to the gate el ectrode of the transm ssion gate MOSFET via a

10

¢

: L 4
j s applied to the external terminal of the IC, an undesi- rable potential
parasitic capacitance bet- ween the gate el ectrode and t he input el ectrodg.
(drain electrode). As a result, whensthe surge voltage is applied to the
external termnal of the IC, not only a surface break- down current but

al so a drain-source_breakdown current and a channel current flow through

t he tranmdlgdden yalbsagesktErause the depdetivrslayas whisht ¢Xof the ~
current ~flowing through the transm ssion gate MOSFET becones greater™™
than t kends fremcthspisepnasrer. drpingsfe the MOPBETn§of the of the

transm ssion gate MOSFET i,s heated to a relatjvely high tenperature by the
heat i n§efiopnductory sy 3t bﬁr?Féﬁ?lqﬁféiP%sﬁﬂF,PFﬁée (aéﬁwulating

filmof, the transm ssio at e, MOSEET i s broken do b )i d tenperature
| se, U BATS F bEC TR e OE PR E SRR nr B8 CREF KRBy hent | ng. Th
or eakdg o] Ehctf g8 ¢y gyl eré” oﬁ'ﬁt@c r 418 i?r(r? .ﬁe £ibh? é%‘o%%ssﬁ‘l Sgt eT'e'
I\/DSFETC% %0 be as?uned% t%e*‘o- ﬁOWI nag et HaRI 5 M Pn general, when -

the dfﬁfaecﬂn&%:giﬂntﬁte ﬁ?ﬁﬁ 8&0%@% %&tﬁﬂﬁé@%i@d B3 LhaNCe region

appears 1 n the source- rain vol'tage an rent characteristics. The 15
negat i y@ e siBd@Na£iABSTAMRNON RENcEE THY P8l PSshPhtewg rihe drain

regi on,” source region and a sem conduct or
is locally heated by the joule heating from the above- -
mentioned portion. | |
If the transmission gate MOSFET is short-chﬁnnei;d,

iﬁs drain-source breakdown voltage is relatively low.
The gate electrode of the transmission gate MOSFET is
not connected to the ggsaggégg[point_of the circuit dbut
is connected to an output terminal of 'a circuit such as
a_clock puise generation circuit. When the surge voltage
is applied to the external terminal of the IC, an undesi-
rable potential is applied to the gate electrode of the |
transmission gate MOSFET via a parasitic capacitaﬁce bet-
ween the gate electrode énd the input -electrode (drain
electrode).

_'-As a result, when the surge voltage is applied to
the external terminal of the IC, not only a sﬁrface break-
down current but also a drain-source breakdown cufrent
and a_channei current flow through the transmission gate

MOSFET. 1In the other words, the density of the current



substrate portion enconpassed by the drain and source regi ons of the MJBFR]
has .t he same construction as that of a bipolar |lateral transistor. 20

|f ;the drain junction of the MOSFET is broken down by a relatively high
vdﬁrége, an aval anche€ current gene- rated hy gval anche.nultiplication of
the-carrier is per- mtted to flow through the sem conductor substrate.
Since the resistance of the sem conductor substrate can 25 - not be

ect ed, desi ntial,is given .
neg eoted. an MdeElLabh el k2 QSR Wi pogter BEBA (M
substrate, the source bHAGH o of NenlOSTERdd Mearehy brasedate tial

the mnority EFFTer i S I'njected Tromthe soarce region to t em -

conduct or Sub%{]ﬂﬁin HpRg G _6:“8%151(5 a"cf‘ah%ﬂ&%i&zhegr-&@éﬁ MOSPRUUGOheated
Pce region 0

substrate and the sou unction as the collector region, the base

region and the@ent+elateyeds HESREEbnBeutudie dpatiesi héatbhgobar | ateral
transistor. The mnority carrier 1njected into the sem- 10 conduct or

subst sate so fghet jenetiengpartienagals sheaestd tapctize nghtiepinsatliading
the drain junction portion which is brought to a high field. The source
junction is agailmfofwihe Hirsseshbysibn gedleadIFELrienbrgbrar doad By this
mnority carrier. 5 Consequently, the brealksown of the MOSFET
continues everrddid htedpemabtugre apbses bbeamed Firessnptheapalofimpact
(and—the—3ilee) that are generated by heating.

Theibreakdown of the gate insulating film of the

10 transmission gate MOSFET may also be assumed by the fo-
llowing mechanism.

In general, when the drain junctioﬁ'of MOSFETs is
broken down, a negative'resistance region appears in the
source-drain voltage and current characteristics. The

15 negative resistance phenomenon ﬁay be explained as follows.

| | The drain region, soﬁrce region and a semiconductbr
substrate pbrtion encompassed by the drain and source
regions of the MOSFET has the séme construction as that
of a bipolar lateral transistor.

20 ' If the drain junction of the MOSFET is broken down
by a relatively high voltage, an avalanche current géne-
rated by avalanche multiplication of the ca:rier is per-

mitted to flow.ﬁhrough the semiconductor substrate. |

Since the resistance of the semiconductor substrate can

25 not be-negiected, an undesirable potential is given to the



5

t he surface breakdown. Wien the abnormally high surge voltage due to fric-
tional static electricity is applied to the external -3 termnal, the
drain voltage of the clanping MOSFET starts to.rise froma val ue such asi.
zero volts. \Wien the drain voltage-r F§aches the surface bBreakdown voltage,
the break- down current starts flowing through the drain junction of the

cl anpi ng MOSFET. As the breakdown current starts flow ng, the clanping

VOSFETSGHACH0nd Nab RS SR TRGLEONB] iy HISTIIp4CerBSRY! dBCC Te0I QD

As a resu own current flow ng between e drain and source

the cl giRiend NOHHd bemikemRARSEor ehabktelate]r atid ysohfckhgudeiipa egi on of
the cl anping MOSFET and in 5 the sem conductor substrate portion

enconpags ¢theb MOSEETr AN fortv il gebiegednsooftidte tEEHEIno2itysi st ance
whi ch generates a voltage due to the breakdown current exists. Accordingly,

i f thecherdlerofid hinjacedv dtemyethepbivudceo ndgi axt&o nbhet eemiiral i s
great, the drain-source voltage 10 . of the clanping MOSFET is so
i ncr easondac har esagestirake surferee pr $hrddnsininegiomet thehsemddi ng t he
fact that the breakdown current is increased by the_ abovenentioned negative
r esi st SRBEUSTRATONBABATTRT S 1And e, SRYREPereal oI BnGRIGT 88ge vol tage
por {1 ofBRUEIG ST eF aPoBLoBy Th gRaBEr FERL e A G DYBLRE Rogat  ve
reSiSt%2%20n5 respectively,'of a parasitic bipolar lateral

transistor. The minority carrier injected into the semi-

coﬁductor substrate so functions to generate again the

avalanche multiplication at the drain junction portion

which is broﬁght to a high field. The source Jjunction is

again forward biased by the avalanche current.generated

by this minorify_carrier. |

Consequently, the breakdown of the MOSFET continues
even if the drain voltage is lowered after the start of
- the surface breakdown.
When the abnormally high Surge voltage due to fric-

tional static electricity is applied to the external

terminal, the drain voltage of the clamping MOSFET starts

to fise from a value éuch as zero volts. When the drain

voltage reachgs the surface breakdown voltage, the break-

down current starté-flowing_through the drain junction

of the clamping MOSFET. As the breakdown current starts

flpwing, the clamping MOSFET functions in the aboveméntioned



phenonenon so that the voltage applied to the drain junc- tion portion,
which is in the proximty of the gate elect- rode and generates surface

br egakdown, is limted to a 20 , relatively small val ue. Consequently,

t He~surface breakdowr current flowi ng thrd@gh the clanpi ng MOSFET is
reduced to a virtually negligible | evel as the operation due to the
negatirve resistance phenonenon starts. 25 ’ When t he drain vol tage
of .the cl anpi meadsbEs resistianeasedion.exdsed tMrswll § atke bbrarkdawn
volitage, the drain junction of the transm ssion gate MOSFET is al so broken
down. Due to BrumReRhwnfbevwing deliwveemnthpoArainanhisenrree afsshgpplied
to the sem conductor substrate 5 portiag near, the source iegion of the

transmissi on ¢ek3RERBEFOSFET diss inekeans Felatiywe by greatiZet r ode of
the transm ssion gate FET .i.s not _connegt to.the eart; Lnt _qf .the
circuit unlike the aﬁggngrﬁ%r—ﬁe%?ni gf‘(:% e&leadnxf’on%nﬁéﬁg@?raﬁ dfch as
the gate el ec e : i | . LS4 PRLNL L aust
be case- full ;br}{)%kse#?}%?%dgfggg’%n%rég%r?8 e eoé* ;hg#ec_)%?;%ﬁédt ?gntg%ggm on
gate MOSFET '%ﬁéﬁté’ﬂcﬁ' ebﬁ&&owg%ﬁg b#ethe MOSFEPPI dir@éish8nekr Wilch -
in an A C manner nerely through a parasitic 15 el enment such as :
parasitic capgddérePes TAevoltagR alest £8denel vriakdans eesrentIake sMaRFET

is applied with a potential higher than the earth
Accordingly, if the 1§ve1 of the surge voltage applied to
the external terminal is great, the drain-source foltage
10 of thé clamping MOSFET is so increased as to exceed the
surface breakdown voltage'notwithstanding the fact that
the breakdown current is increased by the abovementioned
,negative.resistance phenomenon. In this case, howéver, a
relatively large voltage drbp occurs in the drain region
15 ' and in the semiconductor substrate portion due to a rela-
tively large current generated by the negative resisﬁance
phenomenon so that the voltage applied to the drain junc-
fion portion, which is in the proximity of the-gate elect-
rode and generates surface breakdown, is limited to a
20 relatively small value. |
Consequently, the surface breakdown current flowing
through the clamping MOSFET is reduced to a virtually
negligible level as the operation due to the negative
resistance phenomenon starts.

25 When the drain voltage of the clamping MOSFET is



>

potential of the circuit fromthe sem conductor substrate portion through
the source junction as well as through 20 ., the source junction
capacitance. The potential of the source electrode, that is, the potentlgy,
of the source region, lLinmts a forward current that would fIQM/through t he
source junction. Hence, when breakdown of the drain junction starts
occurring, even if a charging cawi@enrt with 25 respect to the parasitic
capaci tance occurs due to the negative resi stance phenonmenon, the =
current is made sub- stantially zero within a-relatively short period i
t he capdsiargrsed stexexeneldy tbenisurface breakdoysr vod tiagewhitdie the
negative resi stance pheno- menon is induced is relatively short or
i f the SWarghehbictbes ﬁ§tt§&b§ﬁ&ﬂﬁ%ﬂﬁ§¢@ﬂl§€tetH@5§E@éR§oWd&9Mrent of
the transm ssion gate MOSFET V|rtuaIIy consi sts _of the surface breakdown
current breken (19 ngPean tRebaREAR G PF r the t AE2dnf JEpesdenio a in

t he breakdown nechani sm bet ween the cl 'MOSFET and the transm ssi on
gate MOBEERNTARL ch?r%ﬂ%ogéﬁgﬁ'&ﬁgd 1 tt%'g EPREUFESTs S¥RSE TFEnomenon i s

B canPRRIE I BE T8 Egu%%séésygdé“oa‘di ?Lf@?%g%taﬁﬁw‘irs%h%“” < Sieh &

bul k cu YYeas I Ioc Due.to th ti.ng nerated by
t he bul ycur r'lgnt ﬂ% hﬁé)ﬂnggt € ﬁéu?‘gtl TT-I I%%fs?'ﬁjécﬁl Sﬁﬁg%irﬁ el\/égET. i's
heat ed %ﬂgs%ﬁﬁié(si‘ahfaéghyn%%za €85t connected to the
M . . . » . B . k3
g;eanéeﬁq1p01nt of the circuit unlike the clamping MOSFET
| ‘but is connected to an electrode such as the gate electrode
lo of an MOSFET for signal input. This point must be care-
fully taken into account. ' |
The source electrode of the transmissioh gate MOS?ET
is substantially coupled to the gﬁeﬂaétnﬂZpOlnt of the
~circuit in an A.C. manner merely through a parasitic
i5 element such as parasitic capacitance.
The source electrode of the t:ansmission'gate'MOSFET
is applied with a potential higher than thet?seuaé:ag
potential of the circuit from the semiconductor substrate
portion through the source junction as well as through
20 the source junction capacitance. The potential of the
source electrode, that is, the potential of the source
region, limits a forward current that would flow through
the source junction. Hence, when breakdown of the drain

junction starts occurring,'even if a charging current with

25 respect to the parasitic capacitance occurs due to the



tively wide range. Since the heat is diffused, the gate 20 :
insutating filmis not locally heated. In contrast, the surface breakdown
curgent flows concentrated in the surface portion of the drain junction (:Ea
i mmedi atel y bel ow.the ‘'gate el ectrode. Consequently, the gate insulating
filmof the transmi ssion gate MOSFET is | oeal@ 25 |y heated by the
heating on the surface portion of the drain junction. In this case, the
gate insulating filmis adversely affected by tenperature, thermal stress,

or thermal inpact due to local heating. As a result, the gate

insul ating filAP8REEKE FReiStapce phenpRengh.gite MOSFERY dmadsm SRR,

al though the gate insylLating film.of the clappin FET i s not. broken
down. An abnorAERRELR iyv&%%ﬂy¥¥ﬁﬂﬁpa§ f?#ﬁgggﬁgVNgﬁﬁﬁQ:ﬂﬁﬁﬁﬁqi%ﬁ%éﬁ?s
virtually equivalent to a uoltaggﬁggaf; ratg? froma suitabl e capacitance
elenent.  AcccFWPAGHyaREs S © i itgottage of the clanping MOSFET is

cf foctive basd wi at e oPRPnoars 5 FERRTEhe heQllsidi” it fidnbe talfonor

by the MOSFET g EESPQD.Qﬁdh%e@%.sC@fﬂﬂrgfgt Bn8k ¢! Be 'YC%S'?%;E pH&¥ifendr

short - channel egod@SEEL BEETRM i Wy (dRst Natngf 1L 2B MESHRT MIAEH

transnission gaie MBEEhisSiAIYRL IMoSPEPaGE #R0athyh cohdlis¥s (¥ the
surface breakdown current.. '

t he brreakdown voltage in the negative resistance region
) phosschgnnel
length is relatively longer. Accordingly, when the channel of the

The following can be understood from the difference

10 in the breakdown mechanism between the clamping MQSFET.
and the transmission gate MOSFET.

The current generateé‘by thg negative resiéfanée
phenomenon is caused to flow thirough a relatively wide
area of the drain junction area and can virtﬁally be -

15 regarded as being a bulk current. Such a bulk current has
a low 1oéal_concentration. Due to the heating generated
by the buik cﬁrrent, the gate insulating film of the clame
ing MOSFET is heated,substantially uniformly over a rela-

7 tively wide range. Since the heat is diffused, £hé gate

20 | insulating film is not locally heated.

In contrast, the surface breakdown current flows
concentrated in the surface portion of the drain junction
immediately below.the gate elecfrode. Consequently, the.
gate insulating fiim of ﬁhe transmission gate'MO$FET is local-

25 ly heated by the heating on the surface portion of the



3

3 cl anping MOSFET, it is believed that the transniséion gat e MOSFET

=

I s. caused to tenporarily exhibit the negative re- sistance operation befare
the clanping MOSFET. In other words, if the transm ssion gate MOSFET is .
short-channelled, it is believed. that Hhe transi stor is’pre-heated by a '
charging current with respect to thé &fofénentioned parasitic --12-

capaci tance before it is heated by the steady surface breakdown current.

It is N%tﬁﬂ)ejﬁﬁaesiohhat fwﬁﬂfgech@-e,s _I?éié@téiiﬂ}sﬁﬁa%ﬁ?xgt BT SSi on__,

gate FET becones especially easy to break down if it is

short - ghanBldLsle1y affected by tempadndiag tRethalpseseds, gvention a
sem conductor integrated circuit device including: (a) an external term na
t o whi ¢hexmapiihp Scgn@ind-ceitppi-ihe) due to flosalcheatingnode; 10

(c) an'insulated gate field effect transistor for transmtting the input

si gnal appl ifesl & oresidtgxttheagater dnsilating fii onofodrhee i+ her eof to
said first circuit node; and (d) a resistance elenment inserted between said
15 missdan reetecOSHHT ahel bapkenndawn erlbheughethec®ad® transi stor;
wher eby said resistance el ement has a resistance value so set that when an
abnor ndmsiafelng| fadm of dhe i efamping JIQSERT nks retnpreken [dGBuces the

breakdoun cufl el norna "Surge Wo18ane suek 68 O ri88Ebn2] static
electricity is virtuaily equivalent to a voltage gene-
rated from a suitable capacitance.element. Accordingiy,
the drain'voltage of the clamping MOSFET is reduced as
the breakdown current is allowed to flow. '
Incidentally, the effective base width of the para-
sitic.bipolar lateral transistor formed by the MOSFET
corresponds to the channel length of the MOSFET. Hehce,
the breakdown voltage in the negative resistance region
of a:short-channeled MOSFET becomes lower than that of an
MOSFET whose channel length is relatively longer.
Accordingly, when the channel of the transmission
gate MOSEET is-reduced in comparison with that of the
clamping MOSFET, it is believed that the transmission gate
MOSFET is caused to temporarily exhibit the negative re-
sistance operation before the clamping MOSFET. In other
_words, if the transmission gate HOSFET"is short-channei;d,
it;is believed that the transistor is pré—heated by a

chargihg current with respect to the aforementioned parasitic



20 of said insulated gate field effect transistor to a | evel |ower

t han t he breakdown current |evel that causes break- down of the gate ‘s:’
|n§Elat|ng filmof said insulated gate field effect transistor. The
preSent invention will now be described in dgreater detail by way of

exanples with reference to the acconpanyifqg draw ngs, wherein:-. Figure 1

Is a-circuit diagramof a preferred 5 form of sem conduct or

integrated circuit device as applied to a dynamic RAM Figure 2 is a

wavef or m di agr am of t qe Ci r%@éo shoyyglw?ggéan%&g%%ur %g:y;slsa ram

showi ng the | ay&&P

Figure 1; Figure 4 is a sectional view taken along |line A-A" of Flgure

and Figure 5 isba
integrated circuit device. 15 Referring to

sen conduct or

the circuit shogalatingdfidnml of Rthe i transmeseTBAt gaites MOSFETE beeibie®)
encircl ed by the br oken I|ne are formed on one silicon chip by knowmn MOS I C

t echni ques.

| ocat ed on the
shown én t he draw ng,
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sholit nijs abbusecbedipvednshatotthe gate in-
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According to the present invention a semiconductor

.integrated circuit device including:

(a) an external terminal to which an input signal
is applied; |

(b) a first circuit ﬁede;

‘(¢) an insulated gate field effect transistor
for'transmitting fhe input signal applied.to said external

terminal via a drain-source path thereof to said first

‘circuit node; and

(d) a fesistance element inserted between said

external terminal and said insulated gate field effect

transistor; whereby said resistance element has a

resistance value so set that when an abnormal surge voltage
is applied to said external terminal, it reduces the
breakdown”curfeﬁt flowihg through.a semiconductor Jjunction
of said'insulated'gate tield effecf tfansistor to a ievel
lower than ﬁhe bfeakdown eurfent.level thatlcaﬁseslbreak-
down of the.gate insuiating film of said insulated gate

field effect transistor.



ircuit elenments are also formed on the silicon chip which forma nenory
ééérray consisting of plural nenory -14- cells such as 1 MOSFET/ CELL, a
pre-amplifier circuit, a colum switch circuit, a main anplifier, a datas.:
output buffer circuit, a data inpujzhuffer circuit (not “shown). A back bias
vol t age generator 50 con5|st|ng of % MOSFETs is also | ocated on the
silicon chip. The ICis finally fitted to a printed circuit board and when
a power source voltage is fed between the external termnals _ [err] and
[err] froma power ﬁﬂG@‘Qﬁ,ﬂm&elmf%ti@b‘éé%#e§°&fp@@a@9@&rl befhdhack Brds
vol tage 10 ~ generator 50 receives a positive power source voltage
[err] viagtbatert detalill dyriwey dfretampliepr wiitherefelrenicegaice ieas volt age
to be fed to the silicon chip. X- and Y-address signals A - A6, each

‘having a Za Qb&gaﬂx&%}g G2 a atw efhe-nul tiplexed and applied to a

16K-bit dynam ess m tlpTex system An address |nput si gnal

Nerminal [orr] onBiEmet 18 ST b poE SsRtSRAA to this
external termna
5 form of semiconductor integrated circuit device as applied
| to a dynamic RAM: |
Figure 2 is a wavefornm diagram of the circuit
'shown in Figure 1,
Figure 3 is a diagram showing'the layout of each
10 element forming the circuit shown in Figure 13
'Figure 4 is a sectional view taken along line
A-A' of Figure 3; and | |
Figure 5 is a circuit diagrem showing another
embodiment of a semiconductor integrated circuit device.
15' - ' Referring to the circuit shown in Figure 1,

the circuit elements ins1de the portion encircled by the

‘broken line are formed on one silicon chip by known MOS IC

techniques,
External terminals represented by symbols FH
20 'to PS are located on the IC. Besides the circuit

'elements forming each circuit shown 1n the drawing,_

circuit elements are also formed on the sllicon chip

which form a memory array consisting of plurel_memory



reference potential terminal is interposed between the other end of th
resistor [err] and a reference.potential (OV) termnal P5. The resisto
[eﬁ?j and the MOSFET [err] 10 t oget her form an i nput protective
circuit. Since the gate of the NCSFET}g)1§ connected to the reference
potential termnal to which the potential of the circuit is supplied, the
drain junction of the MOSFET [err] has a relatively | ow surface breakdown
volN_A15 t age. According[y, even en a surge voltage exceeding the
br eakdown vol t agelds shehggse T AQATERET b4 nd Pgea@!pplégieas checwlier fal
terminal [err] the drain voltage of the MOSFET [err] is. linted to a value
bel ow t he breakecollomn welittade.cidtcuit, a main namplkifiétry, at datgavatpat
source of the MOSFET [err] nay be connected to the silicon chip to which
the back gate bj | e A b9l dj t va).
baF g k:/g%g%ﬁb, Q Rt pﬂ&g%tgg %@ﬁﬁ% ef8cti2tt thdt shown)

arrangenment, too, the ['err] under own at a predeterm ned
vol t age because the silicqn.chi nd th 5 . earth lipe of the.circ
are kept at substantialIy%tH?éﬂ)ﬁiaﬁiYéié%ﬁ?g%ﬁ%ﬁ??é?rdgajﬁanSlS%ing ot
transportation or handling of the IC. In other words, the input protective
circui® oper at € MOSEETsciisnelgo hoaatethwvcthersibiced ehdp.t he gate and

source of

P A MOSFET Q having the gate thereof connected to a [err] q::i
;

The IC is finally fitted to a printed circuit
board and when a power source voltage is fed between the
external terminals P,+ and P5 from a power_source device,

the IC becomes operative. .The back bias voltage
10 generatdr 50 receives a positive power_soﬁrce voltage
Vﬁc via the.externai terminal PA and produces a back
gate bias voltage to be fed to the silicon chip.

X=- and Y-address signals AO - A6,-

eéch having a 7-bit



5. . the MOSFET [err] be connected to the earth point as shown in the
drawing for the follow ng reason. Nanely, in the circuit construction in.
whi ch the back gate bias voltage is supplied to the silicon chip, the baak,
gate bias voltage is held by capatitance such as parasitic 10 ' '
capaci tance exi sting between the silicon chip and various nodes of the
circuit. Hence, the silicon chip 9 Brought substantially under the
floating state in a D.C. manner. \Wen the power source is turned on, a
positive potential is sonetimes applied to the silicon chip via parasiti\r‘
capa- 1Fonfigurasdenpr éFentmpkiliptaxefeand pppd ied tarm tdk-pbber source’
wiring. |If the gate and source of the MOSFET are con- nected to the
silicon mwl?hgm/osﬁﬂn adgia s PBULhLiRdg X0 YiSttehe A jadlke$Fp .is hel d
at a posjtive potential. As a result, an _undesirable current would flow -
t hr ough MRYgnErI2dL A; (qelech i bh eneclft thRot’ ~SHdWRAAHRES tT¥FT ng on the
power source vja the FET [err], the resistor, [err] and the external

t er mi nal®PE s |1 { ARPLHPEY T X Fornartr-&f 1 §me1qq?FQQﬁwe 1, the

gate o 2o e oL cbhe OREET Lt o Bk R AR T 21 O
cD0ICET ol pOSEBRBL) B TN 408, SALAABRUCO QIR AP 81 £ (e8I oL
MOSFET Qe #dkéhce pbtHEal teidififilefsCile@iphltd’ B¥hdn Rnd S connected
other end of the fesistor R, and a :eference potential
(OV) terminal Pg. The resistor R; and the MOSFET Q;
10 - together form an input protective_circuit. Since the
gate of the MOSFET Q; is conﬁected to‘the'reference
potential tefminal to which the éﬁgggézpotentiel.of
~ the circuit is supplied, the drain junction'of the
MOSFET Q; has a relatively low surface breakdown vol-
15 £age. Aceordingly, even when a surge voltage exceeding
the breakdown voltage of the gate insulating films is
applied to the external terminal Py, the drain voltage
of the MOSFET Q. is limited to a value below the break-
down voltage. |
20 .Incidentally, the gate and source of the MOSFET Q
may be connected to. the silicon chip to which the back
gate bids voltage is to be supplied.l-According to tﬁis
arrangement, too, the MOSFET Ql undergoes breakdownuat a
predetermined voltage because the silicon chip and the

25 g=eand] line of the circuit are kept at substantially the



to the drain E of the transm ssion gate MOSFET 2. Though the el ectrode
[err] of the MOSFET @ functions either as the drain electrode or as the
sounce el ectrode in accordance with-the rise of fall of the signal appli

to the external.10Q termnal P3, the e* ctrode will be called the
"drain" in the followng for ease of descr¥ption. The transm ssion gate
MOSFET 2 and anot her 03 connected in series with the forner forma signal
transnission line. Atinmng signal 01 is conmonly appli-ed to the gates of
t heSeMOSFETS [err] and 15 [err] The address signal [err] supplied to
the external teanie pwierdtial dsrifgntappkipedtatidh asknessd bikd esf cireui t
via these transm ssion gate MOSFETs [err] The |l evel of the address signal
[err] is judgedChy tIre fher waedds psshéufihentcipratidctividhas blcli s Sopeifdess
circuit gene- rates address signals ai and [err] of the non-inversion and
i nversion | evesufifistieartd yadj usted to suitable levels in accordance with .
t he address signal [err] supplied via the MOSFETs [err] [err] respectively.
25 As showdt risFinpwevelr phefaeddedsshatf fihve @atriiand sounde -of
consists of a MOSFET 4 and MOSFETs [err] Next, theeagistruction and
operati dn of tkBeaMPSFET Qyf ke eonrertedi EP hheferensskey Beintkesshown
signal [err] is applied to the gate of the 5 MOSFET [err] via the
transm ssi on géPetBEB FEpYing (for FhenEallowing reason.

Namely, in the circuit construction in which the back
gate bias voltagé is supplied to the silicbn chip, the back
gate bias voltage is held by cépacitance such as parasitic

10 capacitance existing between the silicon chip and various
nodes of the circuit. Hence, the silicon chip is brought
substantially under the floating state in a D.C. manner.
When the power source is turned on, a positivé'potential is
sometimes'appliea to the silicon chip wvia parasitic éapa—

15 citance present between the silicon chip and the power source’

| wiring. If the gaté and source of the MOSFET Q; are con-
nected to the silicoﬂ chip, the MOSFET Q1 would be turned on
if the silicon chip is held at a positive potential, As a
7 result; an undesirable current would flow throﬁgh a signal
20 Qeneration circuit (not shown) when turning on the power
source via the MOSFET Q,, the resistor R, and the external
terminal Pj. |
In the circuit connection arrangement shown in Figure
1, the gate and source of the MOSFET Q, are held at Ghe)

can it . .
25 mﬂipOtential of the circuit eéven when the power source



the timng signal [err] is brought to the high level. Capacitance such as
Qgﬁ%e capaci tance (not shown) exists between the gate of the MOSFET 4 and

earth point of the circuit. Hence, the gate of the MOSFET 4 holdsagp

address signal even when the tran 5 S
turned off as the timng signal [err] i's changed to the |ow | evel. The
reference voltage Vref for |evel judgenent is applied to the gate of the
MOSFET © via the transm ssion 15 gate MOSFETs [err] [err] This

reference voltage [err] .iS.sq.set .as to bg aboyt 1/.2 qf % e level of thewt
tb@&,iﬁ;

si gnal Ehpitx 3* Pfhe ST AR CLPPPR Y PEE SRR &al termi na
P t hat i%ét sayhggtvolt§ge | evel which has a virtually [err]
€

i nt er it MY REER Tt he hi gh I evel and |-ow I evel 20 - of the.

. address signal._[erk] h rasiti£ capacitan t hat n n be
negl ect ed, irb;ln? o%%édbge}mgg%ql%zééalf% g?e%?%gﬁéggﬁd%’m}r%%e S8 ode and
bet wee - o] a r Al ec d f fa t transm ssi on
gate Nggﬂgﬁéﬁﬁ;?figﬁ ﬁ[ggﬁ. é%ﬁﬁékg% u%%gsﬁpgb e ch§ﬁ§a¢¥$the potenti al
5 Fiddid ran dgel : i i bed gt 0 3th - 19 -

: électroéé of t%e NCéEE%Q%&q?%ngiégﬁréﬁﬁsﬁ?ﬁ??%b?hgzrﬁ?eean1%%§ﬁdcﬁ t he
timng e gmd -.dfrﬁantﬁgnam $3e0 It B S MSEE] Sgheer hosrd @] A w\yH anged
in order to apply a poten- tial change to the gate of the FET [err]

havingtg@b@mabtrode E; of the MOSFET Q, functions either as the

drain electrode or as the source electrode in éccordance
with the rise of fall of the signal applied to the'externai
10 terminal P5, the electrode wiil be called the "drain" in
the following for ease qf description. The tranémission
gate MOSFET Q, and another Qi connected in series with the
former fofm a signal transmission line. A timing signal
¢l is commonly applied to the gates of these MOSEETS Q2 and
15 Q5. | |
The address signal A; supplied to the external termif
nal P, is then applied to an address buffer circuit via
these transmissioﬁ gate MOSFETs Qz, Q3.
~ The level of the address signal A; is judged by the
20 address buffer circuit. The address buffer circuit gene-
rates address_signais.ai.and Ei of the nqn—inversion and
inversion levels that are adjusted to suitable levels in
accordance with the address_signal A supplied via the
MOSFETs.Qz, Q3,_res§ectively;

25 _ As shown in ?igure 1, the address buffer circuit

e

ssion gate MOSFETs [err] [err] are



-

5 tically the same potential change that is applied to the gate of the
MOSFET Q4. Since such a potential change is applied to the gate of the -
MOSFET Q the level of the address signal [err] can be judged suitably -
i f*The gate potential of the MOSFET Q4 is-cqggsed to change. 10

MOSFETs [err] and [err] are connected in parallel to the MOSFETS [err]and

[err], respectively. The drains and gates of these MOSFERs [err] and [err]
are cross- congenkegtisn ofr dgf MOSFET”Q?} lerid IMOSFETE QT 8 .of, MOSFETS
[ery] s/ and [err] as the |oad are 5 cornnected to the cgnnnnly con ted

drai ns of the MOSFE&St[,ertlle anansbrukd icommamd yopenattond odr dihes aafdtdes
MOSFETs [err]respectively. A timng signal [err] is supplied to the drains
of the MOSFETBuffer cim¢uidfe wblicbe desarsis. [err] and " that are
subj ected-to the switching control by the timng signal [err] are
connected to the gab8sagddnafs I\»!HE#& Par s sarp}ied] tpeshepaatiosaaf) the

lorrPis i rgl JHOREES Bt e TR %“%ﬁﬁwsé‘%ﬂq&% 3 %8%?#@‘30#5%&3%&%%0
405 : . . L . oA,
s changed t CTReCRISRE Sianat i ofs broment il gefechiERoL KR supp | oc
h E - 3.\ F . ,
raspect bvel y CHRRFERETTE Ao dh e f b PRl bR SheREplm o Raets
. between the gate of the MOSFET Q, and the'g;;gaEEQonint

of the circuit. Hence, the gate of the MOSFET Qy holds

10 the address Signal even when the transmission gate HOSFETS
Q2, Q3 are turned off as the timing signal ﬁl is changed
to the low level. ' ' '

The reference voltage V, . for level judgemenf is

applied to the gate of the MOSFET Q7 via the transﬁission

15 : géte MOSFETs Q5’ Q- :This reference voltage Vier is so set
as to be about 1/2 of the level of the éignal amplitude
of the address signal A, applied to the external terminal
Ps, that is to say, a voltage level which has a virtually
intermediate value between the high level and low level

20 of the address signal Ai‘ The-parasitic'capacitance, that
can not be neglected, is formed between the gate'eleCtrqde
and source electrode and between the gate electrode and -
drain electrode of each’of the transmission gate MOSFETs
Q, and Q3' ‘Hence, an undesirable change in the potential

25 that can be regarded as noise is applied to the gate-



10

5 of the MOSFETs [err] and the reference potential ter- mnal,
spectively. A positive feedback signal is supp- lied to the gate of the
FET QL2 because the gate of the MOSFET [err] is commpnly connected tow/. |
that of the MOSFET 8. Similarly, ,_aqgositive feedback signal is supplied to
t he-10 - gate of the MOSFET because the gate of the MOSFET QI is
connected in common to that of the MOSFET Q Address buffer output -signals

[err] aRd d G¢+ddef S‘.‘h%hVéOf!‘IOSF'E@rQ OR A ﬂémeéﬁigﬁ weval %h%r eigrner at ed
fromthe drains of t he MOSFETs [eﬂr] and [err], respectively. 15 -t

The adgngpsr4nifer elepwWinsingakigheinr aI‘Eb[?féﬂlsm&BQl@ﬁDEalﬂe?d to the

anplifier circuit 2. The sig he non- inversion and inversion
| evel s MOSRETs @ b;ndh@_é:lra:ﬂ-e w|h 2orderstppbppdyt @ potadk ess
decoder 3 via th€e trans-- m ssion gate MOSFETs and QL8 that are
subj ecttddal cchamgeoto thenigahengicdime JMOFHET @t havigesisyat rer r ]

respectively, and on the other hand, they are difectly supplied to an Y.
addr es$igddxickha . spmepptential abaalaﬁ)ma%m}scﬁpp iedi fosdijected to
t he smntchlng control ﬁéthe timng signal, is arranged_in_the Y address
decodegate Bf the MOS %ﬂescﬁi‘-ﬁ&d’ HUA R, Peheniiadycdadas gl and the

':{erm né‘lpnille‘{jVéﬁg Pﬁe%ﬁg‘iﬁj gsgﬁ E@ﬁ?ﬁg @ppﬁﬁgdi?geﬁﬁé’tﬂgwhg{- nél
;ﬁg”} g\aﬁJdldég; % si%ﬁs@cgi\?%% 9!?%' 'Suh%rerd], %@iéaeéf;lr g{rgnct{%nq;%% tgoa‘éé]e hi gh
potential of the MOSFET Q, is' caused to change.

MOSFETs Qg and Qq are connected in parallel to the
MOSFETs Q, and Q7, respectively. The drains and gates
of these MOSFETs Qa'and Q9 are cross-connected in order
to form a latech circuit. _

The.d:ains of MOSFETs le'and'ql5 as the load are
connected to the commonly connected drains of the MOSFETs
Qys Qg and to the commonly connected drains of the MOSFETs

_ Q7, Qgg respectively. A timing signal-:fPA is'supblied“to
the drains of the MOSFETs Q;, and QIB"

The sources of MOSFETs Q14 and - le, that are subaected
to the switching control by the timing 51gna1 51, are
connected to the gates of the MOSFETs le and QlB’ res-
pectively. X MOSFET le,-that is subjected to the switch-
ing control by the timing signal ﬁl‘ is interposed between
the commonly connected drains of the MOSFETs'Q14, le

and the power source terminal-vcc. When the timing signal



the transm ssion gate MOSFETs [err]are turned on and the address signal

su Ebied to the X address decoder. Wien the Y address signal is supplie
theTexternal 0 | termnal [err], the_tmgnsm ssion gate MOSFETs

and are turned off by the timng signals [err] and [err] while the power
switch MOSFET [err] is turned on. As a result, the Y address decoder is
brought under ﬁéhg_soﬂﬁiﬂ%é’@ gbathe High i Téwnglpulthe rgdare] ipre<thange 1
shown/in Figure 5 generates the timng signals [err] upon receiving
an X address goQwagbls ess¢ sebedtiedn to grla¢ SABesnd fa thea MVIBET S c@) yrm
address) selection signal CAS via the external termnals [err] and [err]
respectively.aﬁﬂergﬂvdaohhefMDB@E%ﬁHQﬁ@,bQ fepndi ¢ DespeobiviesFri bed
by referring to thé waveformchart of Figure_ 2. The address signal [err]
appli ed i n synchr oMQSEEF s hQy e ardadiresarecineerdedsiipfareemsthe gates
transmtted to the gate of the MOSEET [err].through the transnissifn ate
MOSFETs @@ Q Phatther d19SFREE Bnoas Qe 37 hBesTEAETINSS [PYHeRBhES thﬁ'

| evel . - 22.- The timn i ggal ' h d | ] f t th

pa\s{sage of a Pt ’er’?f'll %ﬂg‘ﬁi?gga f £ @LH‘HI%E? gﬂgn%ﬁ_&q‘tb?aﬁég\[,v%’r%‘/a dg? e%répp’e

Zf'eef tion Sl 99343 ') %h%gggd ot i MOYFERVE] , vEUIEPIS hea"drEne
MOSFET QlO is commonly connected to that of the MOSFET_QS.

5° synchronismw th the application of the X address signal, so that; e

Similarly, a positive feedback signal is supplied to the .

10 gate of the MOSFET Q13 because the gate of the MOSFET Qll
is connected in common to that of the MOSFET Qq. |

Address buffer output sigﬁals a; and“ﬁ; of the non-

inversion and inversion levels are generated ffom the
drains of the MOSFETS'Qll and QlO’ respectively.

15 : The address buffer output signals a; and E; are app-
.liéd to the amplifier circuit 2. The signals of the non-
iﬁversion and inversion levels amplified by the amplifier
circuit 2 are supplied to an address decoder 3 via the trans-
mission gate MOSFETs Q17 and Q18 that are subjected to the

20 switching.control by the timing signal g, respectively, .
and on the other:hand, they are directly suppliéd to an ¥

| address decoder 4. A MOSFET as a power switch that is

Q9
subjected to the switching control by the timing signal

3; isLm‘ in the Y address decoder 4.
25 As described already, the X address signal and the Y



5 signal [err] is changed to low level-. The address signal [err]
_gﬁ;held by the gate capacitance of the MOSFET Q4. Since the transm ssion.
M e MOSFETs @@ and B are kept off, the address signal held by the gatei\gof.
“the MOSFET [err] re- mains unchangedad¥ven if the address signal [err] is

changed. 10 During the period in which the timng signal [err]

is kept at the high level, the MOSFETs [err] and [err] are kept. on. For
this rebdpesst Bdggailesaré mhdtioIeEEsl Qirkd aappDiedarte fdrhe odvetered via the

MOSFETs [err]and [err] The timng signal [err] is changed to the high | Swei

15 . nal ateeminad Rpsagéhenr her ddadinessdsighal tisysupphiedetpoint
when the X address selection signal RAS is changed_to the selection |evel

(1 ow I&ve| externede tanmbnslsPgnatHeertiniagpeisnals tthe apd $f the MOSFET

4 is in advance set to a highér |evel than 20 the reference vol tage
V anpl ¢hanged: i@ date Bigbhaododmr Jevelss heespedtcdivemks, ot he MOSFET

4 becones, grea- ter, than that of the MOSFET [err] Hence, the e poten-
5 tial s PMEREORBSPENL TherFhe aRBPLdCATIRR h#ahgr agﬁgﬁ%&%s £y

Si gnal®q cieb: Saen s b EPR Bhke SPERES By Bha e mTREN) are so
d ' £\ i f f th
ot entih &ognePg PRdnREestenal, 15 B od" £ K18, & dBIRNE Vo Pe

NCSFEEJ&%&érLS turned on, the charge that is in advance applied to

When the Y address signal is supplied to the external
o . terminal'Pa, the transmission gate MOSFETs Q17 and Qg
are turned off by the timing signals g, and B;'while the
power switch MOSFET Q19 is turned on..- As a result, #he Y
address decoder is brought under the operative state.
The timing pulse'generation'circuit.1 shown in Figure
5 1 generates the timing sighals ¢1,‘dPA@xubdﬂurdé#n)upon
receiving an X address (row address) selection signal RAS
and 2 Y address (column address) selection signal EZ§>via
the extérna1 terminé1s Pl'and P,, respectively.
~ | ' The 6peration of the address buffer circuit will be
] described by referring to the waveform chart of-Figﬁré 2.
The address signal Ai applied in synchronism with the
X address selection signal RAS is transmitted to the gate
of the MOSFET Q4 through the transmission géte MOSFETs Qz,
: Q3 that are turned on és the timing signal ¢l becoﬁes.high

level.



5° t he gate capacitance of the MOSFET QL2 is discharged. Nanely, the

MOSFET Q12 is turned off. Due to the abovenentigned positive feedback \
operation, the output signals ai .and ai are'rapidly changed to the | ow and

hiﬁh’levels, respectively. The output signal's [err] and [err] are supplied
to the X address decoder circuit 3 via the2a@nmplifier circuit 2 and the
transm ssion gate MOSFETs [err] and [err] Thereafter, the timng signal

[err} is again chamge timimghshewdl dheigngd ar aty f Y, ess
sigal [err] is 5 startged \%h_en t‘gtr?e Y add:alelgg sgfdegtrﬁvgnli%a?ﬁg% S
changed to théheelpecsage |@Peh preddimmiinedlapelriodt fecafl dies St Sh&Nahe A
which is applied in synchronismw th the Y address selection signal CAS is
| i kewi se t akethen®o adderessidslebsstderndsigmal CRAS 4s khadpgal dediCEhaVi 16w
this enbodi ment, since the address signal [err] is supplied to and held by
the gate capaéPvgice Fhe HNOFREDs RoSkEH @ vanet terklBFBEY @S arite Binihg
IS passible to feed an address signal to be"next supplied to the external
termshal P evEh&Bafoly t%'%@ﬁ?goﬁooflqm&%‘fabdreE’gebaﬁﬁmeas reignal sApot
yet finished.,As a.result, - the speed of the circuit operation Can

be increased. ¥nRERE BF dihg %%Bé:CFEQQ%ﬁﬁ%PQ,°§m5h§emp§§T3bﬁManeﬁﬁnce
MXSFETs [err]igadeberl i%rs%&éegateT%%%ﬁ\ﬁSF@Sand 82da9e kept off,
the address signal held by the gate of the MOSFET Qy fe;
mains unchanged even if the address.signal Ai is chaﬁged.'
10 During the period in which the timing signal ﬁl is
kept at the high level, the MOSFETs Quus Qg and Qg are
kept on. For this reason, the gates of the MOSFETs Q1o
and Q13 are p:e-charged via the MOSFETs Q14,.Q15 and.le.
The timing signal APA is changed to the high level
15 - after the passage of a predetermined delay time from the
point when the X address sélection signal RAS is chaﬁged
to the selection level (low level).
_.If the address signal Ai suppiied to the gate of
the MOSFET Q4 is in advance set to a higher level than
?O the reference voltage vref supplied to fhe:gate of the
MOSFET'Q7,,the conductapce of the MOSFET Q4 becomes grea-
ter than that of the MOSFET-Q7. ‘Hence, the gate poten-
‘tials of the MOSFETs Qg and Qg become higher than those
of the MOSFETs Q9 agd Qli in response'to the rise of the
25 - timing Signal ﬁPA to the high level. The MOSFETS QB and



operate in such a manner as to prevent the high level sig- 5 nal held
by the gate capacitance of the MOSFET 4 from bei ng extingui shed by :
nder - shoot of the add- ress‘signal applied to the external termnal P .
mely, in the case in which only-o®% MOSFET is enpl oyed, if the external
termnal P is brought to the negative potential 3 10 due to

under - shoot of the address signal [err] the drain electrode (which '
functi By &Fa MO UREBOLLEE: BRICLP NP hEYTREE )01 RCEPERAIRLESi on gat e

tence, VERE ST S egﬁhési geew%‘é?%k%éﬁefﬁtpﬁ%%@isﬂ &iife Bhey Ellfs -~
t
Ltth MOBEETe S <25 Bra ATR (DTSR err AP AHEJOYFERLR) ohar e el d
t
gt e M EE?’-"%% “Pﬂé YiErek et Shoin %ﬁ%ﬁ% %?élei?%??ﬂs?séi'?ﬁe
T t
;\é\gré;s Si gnaeo%%p%e/gggtgo%tfhet%(‘%%g Qt i na%”}fjleér r?gfg%leoclv%glrstTl 2) i g-
tur nedyNamed®!,y td %OS?EThQ&%\Anl%/e&uﬁﬁéénbﬂ" hel d by the parasitic -

capaci tance (not of the comon junction between the MOSFETs

@ and - Dre it ohlse:habgeémtehmmﬂred hFoWEEEErE Feedlpack, opérasipagsi bl e
to prevent the high |evel address _signal held by
the output signals ay and_ai are rapidly changed to the
low and hlgh levels, respectlvely. |

The output signals a;

j and a; are supplled to the X

address decoder circuit 3 via the amplifier circuit 2 and
the transmissipn gate MOSFETs Ql7_and Q;g- Thereafter,
the timing signal‘zf1 is_again,changed to high level.

The input operation of the Y address signai Ai is

started when the_Y address selection signal CAS jig changed
to the selection level (low level). Namely, the address
_signal Ai which is azpplied in synchronism with the Y
address séle;tion signal CAS is likewise taken into the Y
address decoder circuit 4.

| In accordance with this embodiment, since the address
signal Ai is supplied to and held by the gate capacitance
of the input MOSFET Q, via.the MOéFETs Qzland'QB, it ié
possible to feed an addre§§_signal to be next supplied to
the ekternal terﬁinal P5 even befqre the operation of the

address buffer circuit is not yet finished. As a result,



t he gate capacitance of the MOSFETQ4 from being extin- guished. 5

Since the transm ssion gate MOSFETs [err] and [err] formthe signal
transmission line, they are constructed in the short channel arrangement
andtheir size is relatively reduced.in order to increase the signa
transnission'speed. In other words, the B&rasitic capaci tance in the signal
10 transm ssion line is reduced. The speed of rise and fall of the

timng signalg lﬁérébe%a“cﬁ*Séh@eciﬁéﬁ‘i%s%éiyafféjﬁ%gﬂ%gik RAPAC! L ance

of Yhe transm ssi oh gate MOSFETs urt hernore ese rmed in

the short channel ahr%ﬁ@emaﬁcﬁotasthne&mﬁyigﬁréeiattwalgéﬁ%@s-connected
on-resi stance 15 ) char acterl stic %gz: Size 1S reduced as descri bed

above. The trMOSRETSI ) Qfsffﬂé S (TheseaMOSTET:e %@nﬁ?t@-)ﬂ
fromthe surge voltage that i4 unaVoi dably applied to the external
termnal [errdpevaty by ®uwih cainahnereasbyto epweventt hber ddigh deved fsign
the input protec- tive circuit shown in Figure 1, that is, .a circuit
consbst - i ng mltheldedystthe [g2te aapaché?anctﬂjeoﬁo’ﬁhecﬂ@&FmSIQiT flnony |

Nanely, as the MOSFET [err] is short-channel ed, the breakdo vol t age
bet ween its RYIREapFtisgUIshed oy aundery shamy ofr Jhey Addme

via the Sir Lrfs 95803 °fa£$§a e %Lénﬁ%éﬁiﬁeﬁﬁiﬁﬁh' Bans MeBE G
gate MXFET I'S ett.l]:xecégcsiel 1r;[Qv ic OVe”ﬂ‘rt Ica%rée%émlf 18 employed, if the
external terminal P3 is brought to the negative pofential
10 ‘due to under-shoot of the address signal Ai, the drain
- electrode (which functions as the source electrode in this
case) of the transmission gate MOSFET is also changed to
the negative potential in respOnsé thefeto. Hence;.the
transmission gate MOSFET is turned on in spite'af the
15 state that its gate electrode is kept at the low level
substantially equal to #he—gﬁg::§1p6tential.by'the timing
signal dl. .As a result, the charge held by the gate of.
the input MOSFET QA is discharged through the transmission
gate MOSFET. | -
.20_ - In the abovementioned émbodiment which uses the two
transmission gate MOSFETs inand'QB, even if under-shoot.
. occurs in the address signal Ai applied to the external
terminal P3’ the MOSFET'Q3 is turned on oniy after the high
level potential held by the parasitic capacitance (not

25 shown) of the common junction between the MOSFETs Q, and



(W

Accordingly, the current density becones |locally great at the breakdomn
portion of the transm ssion gate MOSFET 5 . [err] and there is an

xtremely high possibility that the gate insulating filmof the tran3|st0j;

|1 be thermally destroyed. By contrast, since the MOSFET [err] is not in
the transmission line, its size, su@Bas its channel length (gate Iength)
can be increased so that. the transistor has 10 a relatively high

drai n-tg; spair @ £skheagdaepblighe thd) MOSFEDr @gkdomeneRqhary sy i s di ffeut
fromth of the transm ssion gate MOSFET 2. “Accordingly, even if the
clanp M&ddibler th predwarkntdevwhilgh drevwdhoaddléepgshisjgnadl -hdlxdeby
accidentally applied to the external termnal P3, its 15 gate

i nsul atthey gaten capactitancendfy ties MQSRAEL b@&aﬂsemt being resttimtensity is
reduced. In this enbodinent, the resistor R2 Is inserted bet- ween the

drai n @uiskedi anp MOSFET [err] and that of the transm ssion gate MOSFET
[err] Slnce the resistor 2is inserted. the |evel of the high

vol t age t hat mcac@eeﬁr%ra‘#mysapeﬁ &Rt NORFET 8 Roondh &= fpRMi ssion

gate FET js rfd ced so, that s r.f ace ,Qr eakdown on- %he i,nterface of the
gate p Q(ﬁ+$ﬁa r@ﬁﬁﬂ%ﬁ%&?ﬁn §3fe ek® ahgs ﬁ89§ﬂﬁn¥ﬁu Becones

NOSFET ST BBt EoE S 598% AP T T EL4F, ABCRe BT T s or
[err] é%g% ?é 858%§ f%W{h8£e5g% %ﬁ‘aé{EﬁQflfggngh @éyoﬁrgﬁeed

transn155|
In other words, the parasitic capacitance in the signal

transmission line is reduced. The speed of rise and fall
of the timiﬁg signal_d1 can alsé be increased by reducing
the gate capacitance of the transmission gate MOSFETs. 
Furthermore, these MOSFETs are formed in the short channel
'arraﬁgement so as to exhibit a relatively low. on-resistance
characteristic when the size is reduced As described above.
The transmission gatefMOSFET Q2 of this type can not
be protected from the surge voltage, that is unavoidably
apﬁlied to the extgfnai terminal P3, only by a circuif
formed by removing the resistor R, from the imput protec-
tive circuit shown in Figﬁre-i, that is, a circuit consist-
ing of the resistor R, and the diode-connectjia MOSFET Q.
Namely, as the MOSFET Q2 is short-channeléd, the breakdown
voltage between ifs drain and source is relatively lowered.
When the surge voltage is applied to the drain of the
MQSEET_Qa, its gate potential is changed via the parasitié

i



In an IC if a MOSFET connected to any one of a plu- rality of external SR
term.nal's for receiving the signal input is broken down, the IC as a whol L
cdn—ho | onger be used: To elimnate this problem an input. protective -
circuit containing the abovenentioned resisfor R2 is 10 connected to

each of the transm ssion gate MOSFETs con-2@ected to the pl ural external
termnnals for 4L j s\ he &4,gn ' brifar i ctive
cirgujt con- s?ia t%'?!nl\g;déo}gcéthe ?ielgi ?%S'Ir ier"ﬁz]1 %?b&el%&%@f%qﬁn %ﬁ%ct ed to
each of the sMOS¥ET nyite MEBEEEY Whi hdaNSotBReBEI0RIY Mechanidmpplied to

the external termnals directly applied to their gates w thhout passing

through the tAlrdHENAMY patRe VOBPEERt s £t3 beevhelshd dodyldyt gedédern of
each of the resis- tors ' R2 and MOSFETs [err] to[err] form ng the

circuit 20 at ¢hewbrenkdgwnepbrtion td® thawtrgnsadssliea rgadoen NRSFYE

poly- silicon layer, an n sem conductor region and a vacuum depo- sition
mlﬂﬁ%iun1Iay@Faaﬁ@dwﬂhQ£%niédaDyeﬁﬁﬂ&ﬂ?ﬁﬂtbiﬁh prsdbility pgaratervhend
two-dot chain [ine pattern, respectively. Figure_ 4 shows_the section of the

seni conduct or 83§8- imsulating, §idmc 6 ddipnbFApsigtoRe Wviddt iteh tiemRallFe A

O oo oRErra S S LaSeeelCoE e RUPRbERER 80 130 A4 B

MOSFET Q can be prevented by these double protecting actions. 5 g; N

the transmission line, its size, such aé'its channél Iength
(gate length) can be increased so that the transistor has

101 | a relatively high drain-to-source breakdown #oltage, and-
its breakdown mechanism is-different.from that of the
transmission gate MOSFET Q,. Accordingly, even if the
clamp MOSFET Ql is broken down by an abnormally_high vol-
tage accidentally applied to the external terminal P3’ its

15 gate insulating film is not thérmaliy'destroyed bécause

the current density is reduced. _

In this embodiment, the resistor R, is inserted bet—
ween the drain of the clamp MOSFET Qi and that of the
transmission gate MOSFET_Qz.' Since the resistor R, is
20 inserted, the level of the high voltage that'is.accideﬁ-

tally applied'to the drain of the transmisSion gateﬁMOSFET
Qz'is reduced so that surface breakdown on the interface
of the gate portion of thé'transmission'gaté MOSFET Q,

and the substrate becomes difficult. Even when breakdown

25 occurs in the transmission gate MOSFET Q,, the breakdown



.and is formed by a p-type single crystal silicon arranged so that the nmain

urface5 is parallel to the (100) pl ane. A relatively thick field
dxi de fi.l.m2 having a thickness of about 0.8 m for exanple, is forned bxj
a known sel ective oxidation techni‘que on the main surface of the
semi conductor substrate 20 at portions other than those at which active
regi ons such as 10 the sour CeZdnd drain regi ons of the MOSFETs, the
channel - form ng regions t he sem conductor wiring regions and the

Semi conduigt Bén £ €855 LRk Lraqi 1 eﬁlngstlg%%d Aefeﬂrﬁ; 0 4y yeéh'“

silicon oxide film 22 about 500 exa e use %he gate

i nsul at id@vd | &M Shet Batd insula MRFEFL LS B@r?%% QL 1 18 1115 J e of the

sem conductor substrate 20 at the portions whi are to serve a e ac- 0O

tive reGiOBEET RoL Yesh! beopdednaltied, b 0+aBU! 433844 }Jwé&@éﬁ dormed on the
surfaces of the dxide film22 and field oxide film?2 [err] sem conduct or

regions &tionsll, 12 and 20 13, each having a thickness of about 0.4
m are formed on the main surface of the sém conductor substrate 20 by the

Bnown sel f - al IignamnIC}, edfiniaq MOIFEM o hige pok- $ol ia6@n JRY Y5 S.pilf and the
field oxide film21 as the inmpurity inplantation nasks. Arsenlc i ons at an
ener gy ofalgdige\of 28xternalf ceradamile, farereaphaﬁhgdﬂmansﬂgﬁamﬁln surface

of the - 29-
input is broken down, the IC as a whole can no longer be

used. _To.eliminate this problem, an input protective
gircuit cqntaining tﬁe abgvementionea'resistor Ré is
10 .connectéd to each of the transmission gate MOSFETs con-
nected to the plural external terminals for rece1v1ng the
31gnal 1nput._ Slmllgrly, an input protective c;rcult.con-
sisting of the résistor R, and the MOSFET Q, is conﬁected
to each of the signal input MOSFETs_which have the signals
| 15 . supplied to the external terminals difectly applied to |
their gates without péssing through the transmission gate
MOSFETS . .
Flgure '3 shows the layout pattern of each of tﬁe resis-
tors R,, R, and MOSFETs Q1[%h=eugh Q05 forming the circuit
20 ~ shown ;n Figure 1. In the drawing, an electroconductive poly-
si;icon 1ayer!'an nf semiconductor region and a vaq;ﬁm depo-
sition alumiq&m layer are represented by solid pattern; broken
line pattern and_two—dot chain line pattern, reSpegtiveiy.
.Figure 4 shpws the section of the semiconductor sub-

25 strate corréspohding to the portion along line A - A!' of



sem conductor substrate 20 to an inpurity concentration of [err] by known ‘aEg;
ion-inplantation techniques in order to forman n sem conductor region, and S
the sem - conductor substrate 20 is then anneal ed at a tenperature 0 5

of Tﬁrr] An about 6000A thick insulating film 23 con- sisting of
phosphosilicate glass is formed on the ser28faces of the field oxide film

21 and the polysilicon | a- yers 7, 7'. About 8000A—th|ck vacuum deposition

aluniniunn1la I's 6 ar forned on.,th surf of 't sulatin
filg23. "In FyI'chﬁ;‘é 3, >rhe %rﬁ‘rﬁ’cﬁﬁ?%‘}%%" tkﬁg ﬂ?a & ngc}éocﬁ'l m
21 via the in edy 35q nd| | C
I s connected tsd#?%agg %JHID?O%%‘AV%% }ﬁ % Qe rage )
15 The gd g i .S & ght 0 f n 0 t with
one end of the [err or regl on hglttd a%g(’)}'nc{:gz%%d %*tg g Fﬁ% .
consi sting of ﬁﬁ@l@uéi‘y@@aﬁ. fﬁm@b@yawsngeauls% "tﬂﬂa’é 'éﬁ% 232200 s4be 2% d
film22 below the insulating film?2 e [err] sem conductor
regiop 6 is sh@@hramalekt@ntmt(emwtpmaﬁeso %Sﬁéléﬁﬁél;?ethﬁéks'ffiléQ@
el ement R1. The other end of the n sem conductor region 6 is connected to
the n sem conducide fipmoR Hawimghaithicknesse ofs dbmtlr@i8 gergi dorof the

clanp MOSFET [err] 25 The source regi-on of the cla MOSFET S
f or med example, is formed by a known selectlve oxidation technique

on the main surface of the semlconductor substrate 20 at
portions other than those at which active regions such as
10 the source and drain regions of the MOSFETs, the channel~
forming regions, the semiconductor wirihg regions and the
semicomductor resistor regions are to ﬁe formed. A rela- :
tively thin 5111con oxide film 22 about SOOA thlck for
example, to be used as the gate insulating film of the
. 15 MOSFET is formed on the main surface of the semiéonduétor
" substrate 20 at the portions which are to serve as the Ac-
tive regions. Poly-silicon layers 8, 10 about 55003 thick
are formed on the sﬁrfaces of the.oxide film 22 and fiéld
oxide film 21. n' semiconductor regions 6', 7, 11, 12 and
20 13,.each having a thicknessuof about O,Q/;m, are formed”on
the main surface.of thé”semiCOnductor substrate.ZO by the
known self-allgnment technlque us1ng the poly—3111con
layers 8, 10 and the field oxide f11m 21 as the 1mpur1ty
‘implantation masks. Arsenlc ions at an energy of 80KeV,

25 for éxample, are implanted into the main surface of the
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- - 30- by an [err] sem conductor region 7 opposing the [err] sem con- ductor

egion 6'. On the surface of the sem conductor substrate 20 between these
err] semconductor regions 6 and 7 is fornmed-a gate el ectrode consistiRg. .
of an elect- 5 rically conductd pg pol ysilicon |ayer 8,. via the oxide

film22. The [err] sem conductor region 7 as the source region and the

el ectroconductive polysilicon Iager_S as the gate el ectrode are connect ed
to the SEmiRMMEHPE SRustirates29oto an impuRLHY aepnpgertretiqerr] and |

- ol h Lu- mini . 16 is i q /

he. Do JEsha (e Do WcIBBAAY ok b FaFiataERe art - cuit is

applied. Jdn Eiguce 3, theselectroco du%tive ﬁolgsilic n hgyer 15 - 10

V|rtuaI°Ir§19‘TrQrtrf2 o?lgsﬁgtéh_cé‘-‘%?:éﬁg UCERE Gif réhda‘B ib_g f‘@tmrl] semi con-

duct or Bﬂ@&g&é&aé'gg%ﬂ’- B@'iEekhb a%ﬁdé&iéﬁ“hﬁf tESm@E?&H nductive
18535 & e =) ed 15

ponsiFicon ayer rest st are connec ach other via the

sal um nigpm| BRB2C 20 An about 63HEAO! %ﬁ&[cggﬁﬁui%iﬁgeﬁmcw.%ﬁye

10

15

(v
\n

pol ysilicon layer 10 is connected to an sem conductor région 11 at a

cont ack; R¥itgo N £0ph bABheM INEEEt B 280IAN Adrhéd "bAJthRe sirdi N regi on of
the transm ssion gate MOSFET [err] An n sem conductor region 12 forms the

sourcgf@.@es%f the gieldantkii&i PilRGLAN 0id tHlee tHETPHI 33N Qal-e MOSFETS
Fﬁ'an'yErs'7, 7'. About SOOOz-fhick_vacuum deposition alumihém
layers 9, 16 are formed on the surface of the insulating
film 23. ) . _ o
In‘Figure 3, the alumiqpm layer 5 formed on the field
oxide film 21 via the insulating film 23 is used as a
bonding pad; This bonding pad is connected to leads (not
shown) of fhé IC via contact wires made of gold, bm=iked
Gideay The'alumingm layer S5 is brought into_non-fectifying
contact with one end of the n” semiconductor region 6 at
a contéct portion Cl consisting of a through-hole formed
hy the insulating film 23 and the oxide film 22 below the
insulating £ilm 23,
The n' seﬁiconductor region 6 is shaped in an elon;
gated pattern so as to form the resistance element R,.
The othér end of the n* semiconductor region 6 is éonnected
to the n' seﬁiconductor fegion 6' which is to serve as

the drain region of the clamp MOSFET Q-

The source region of the clamp MOSFET Q, is formed



-31- @ respectively, while an n sem conductor region 13 forns the sourgg :
regi-on of the transm ssion gate MOSFET [err] The el ectroconductive e
poliysilicon.layer 14 forms the.gate el ectrodes of the MOSFETs [err] and S

and”Ts con- 5 ., nécted to the alumniumlayer 15, -to which the tlnlng
signal [err] is applied, at a contact portT [err] The sem conduct or
region 13 as the source region of the MOSFET [err] is connected to the gate
of the MOSFET a_an_al um nj not omm .10 + ___The n+
senigﬂnductortgﬁﬁpgn 6 RaE1§9 I?eéépﬁe gﬂ%&ﬂﬁe?meoPdeFepacon‘

o the MOSFET TETH7 %ﬁfﬁﬁé‘é‘%hﬁ?’ el GhE33Re o @%L%?e%%égﬁéﬁf-‘%@%"“

exter- nal ter 2és Wepl) ﬁﬂgt ndoe

down current f gﬂ?%% tﬁrgggﬁb?hg%#Ltﬁg§%fﬁ %%émﬁg n se con uctor

region 6 has. ad@lAatiyefyrhafoe RHHS é16cEABAG %éﬁﬂ%%flanaeie%e
sem conductor substrate 20 in order to reduce the peak valUle of the surge

vol tage appl i eddalIpecchauptigeVpFFs{BiebnOlayer 8, vildetRe oxide
sem conductor region 6 has a |ength of about 100 m and a width [err] of

about 5 The dif-ilfnf B2on depth is about 0.4 m as described already. Hence,
the [err] sem conductor fegion 6 has resistance of about 700 Chns and
parasitic capacitarf®e of Osemigoddprtor region 7 as the source reglon

and the electroconductive polysilicon layer 8 as the gate
electrode are connected to the aluminEm wiring laYer 16
10 'v1a contact portions 02 and 03, respectively. The alu-

mlqym wiring layer 16 is interconnected to the bondlng

2ar
pad (not shown) to which the=g==as§(potent1al of the cir-

cuit is applied.
In Figure 3, the electroconductive poly31llcon layer
15 10 v1rtua11y forms a resistance element. G&;:@#:n:t
}imitadzin=§a§#éee%ariffﬁe other end of the n* semicoﬁ-
ductor region 6 as the resistor R, and one end of the
electroconductive polysilicon layer 10 as thq.résiétor
R2 are connected to each'otﬁer via the'alumiﬁpm léyer.
20 o The other end of the electroconductive poly3111con
layer 10 1s connected to an_n semlconductor reglon 11 at
a contact portion'C6,'the semiconductor region 11 forming
the drain region of the transmission gate MOSFET Q2. |
An n* semlconductor region 12 forms the source re-

25 gion and drain region of the transmission gate MOSFETs Q2 and



32 - The cl anpi n-g MOSFET [err] has a relatively large size in order to

s prevent thermal breakdown of the gate insulat- ing filmby reducing the - .
i r eakdown current density flow ng therethrough: The channel length L4 of\J.
3!

his transistor [err] 5 is about3® Lerr] while its chamnel width L is
about 40[err], 3 for exanple. The el ectroconductive polysilicon |ayer 10
reduces the | evel of the current that is inevitably applied to the

transmgsi ope 8pke tNF I, Gﬁhﬂ@@namhenahﬂ@ﬁﬂ@bnaue@©rwﬁé§§hﬁl W
e

|npresséﬁ upon t he external termnal P (see Figure 1)

el ect r oterdscthee spainte | reghohapdr the hesansaiskdnee gt MASFEDO Chns. I n
order to increase the signal transm ssion speed, the transm ssion gate
MOSFET @R. anthéB eAimct rocehductévg pblys1lsqahllawa@ l4THawmms r ansi stors
[err] have a channel |ength L of about 5, amand a channel width [err] of
about IHaingater edrafitadeshos, thee! SQE'ZFEE%$ Epeandafyriangd ckF RE®- MOSFETS

[err] [err] is substantjal|yw snaller when conpared with that of the pro- 20
tectiveéd TtPefblh]e‘ a]mm} s&AT &5 @aido*v'\ﬂ Yhicnit hies Y3 R$d to flow

current ié}ﬁ# §"3F B ‘FVDSFET s B REaE B et of Lhe lat ter.
2t cosep gl BSBRIOILIE B fo ) AR Habh JF 1o
the MOSFET Q5‘1s connected to the gate of the MOSFET Q4
via an alumlqpm layer (not shown).
The n* semiconductor region © has a relatively large
resistance in ofder to rélativély restrict the peak value
of a voltage that is inevitably applied to the MOSFET Q
when the abnormal surge voltage is applied to the exter- -
nal terminal P5 (see Figure 1) and to restrict ‘the break-
down current flowing through the clamp MOSFET Ql. The n*
semiconductor_region 6 has a relatively large parasitic
capacitance between it and the semiconductor substrate 20
in order to ieduce the peak value of the surge voltage
applied tb the clamping MOSFET Q-
The n* semiéonductor region 6 has a length of about
100 m, and a width L; of about 5 um, (Bor—sscsmpler—biroush -

~ ,__:......—;..."_-: T S — '.. =2 '_ Z . ‘ ******* eteudasd The di"

ffusion depth is about O.4um, as described already.
Hence, the n” semiconductor region 6 has resistance of

about 700 Ohms and parasitic capacitance of 0.1 to 0.2pF.



33 The MOSFET [err] as the protective elenent to performthe clanping
action in this enbodi ment has substantially the same surface breakdown
volitage as that of the trans- mssion gate NCSSETS as it is forned
S|HﬁTtaneoust with 5 the latter. \Weh PRe"gate voltage is 0 volts,
the drains of the clanping MOSFET [err] and the transm ssion gate MOSFET
have a surface breakdown vol tage of about 20V, respec- tively. The
br eakdown voItage'Eﬁeth&amnunguﬁ@&ﬁuﬁh@ihhdseawnnlatmmkbr lhegsusﬂace
br éakdown such as the pn 10 uncti on between the sem conductor i on
and the sem-lnxnﬂﬁﬁrogospmﬂﬂente kerrah brep&dmayn Qf1?%ﬁ586hﬁgépéu&ﬂ
filmhas an electrostatic break- down w thstand vol t age of 30 t 4%X Si.nce
I

thF tranfn1f§4ﬁ1ﬁk&% RESFEﬂWQ%%?Kﬁ@ech?ﬁﬁ§QQH¥ current d?pshgg oying

égmaébﬁuﬁt oS %ﬁio“ avi ¢ iRel. LR8Nt T5oaER Frneistors &
EI Ahavi

T Gl oo ettt Yol ef, ARyl oo . on e TR °

nininun1brea?% \ nég ge of the MOSFET, that is, the mninumvalue of the
br eakdown voltages siafed fromthe negative resistance curve of the

MOSFET.  The drai”Tﬁ%“@féc?&%@ﬂﬁ&ﬁbﬁf%éaﬁSl?%ﬂﬂT%dﬂfﬁ%&é@ MWSEEduR@YS ng
an 8 [err]-channel length is about 16V
the level of the current that is inevitably applied to the
transmission gate MOSFET Q2 when the abnormal surge voltage
10 is impressed upon the external terminal P3 (see Figure 1).
The electroconductive polysilicon layer 10 has resistance
of about 500 Ohms. -
In order to increase the signal transmission speed,
the transmission gate MOSFET Q2 and Qa'have a relatively
.15 small size. These transistors Q2, Q3 have a channel length
L5 gf about BfS/Lm and a channel width L6 of about 15/um,
for example.
' Thus, the size 6f the transmission gate MOSFETs,Qz,
aSntontiaits, ' :
Q5 is/memesireiedy smaller when compared with that of the pro-
20 tective MOSFET Ql. If the same breakdown current is assumed
to flow through the transmission gate MOSFET Q, and the
clamping MOSFET Ql, the current density of the former is.
extremely greater than that of the latter. In this case,

thermal breakdown of the gate insulating film of the trans-

25 mission gate I‘”OSFET.Q2 is likely to occur.
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nce the resistor - 3 - R is inserted, the breakdown current of the _
transm ssion gate MOSFET [err] is limted so that the breakdown of the gate

|nsulat|ng filmof this transistor can be pre- vented. As 5 L
As shown in Figure 3, since the resi $mnce element R2 is forned by the
polysi- licon |ayer deposited on the fleld oxide film21, it has only a

relatively small parasitic capacitance between it and the sem conduct or.

subst rat e’ 20, HefibReninay [ o515t AR BTt ect ive L EIRA TR IRRT A Vi ALl

limt the S|gnal eed O e signal supp to t e transm ssio

gate MBEET it%g ng&cﬁg_%@?er p%&gofdatﬁﬁ&#ﬂvaﬁgsdbaé%thiﬁﬂall% 15 -

n place of oregoi ng enbodi ment. -The

br eakdawe Voih@98u skl ok aeolar Rﬂol't% $ettAstt 8rbeneowararddian’ t hat
(about 20V) of the transm - ssion gate FET but hi gher than the signal

anpl i t udesdidwugaby) MOSHERSs agdr €8s is ghodmed f20multaneouslyfaddhli ng to
this arrangenent, the transm ssion gate MOSFET (2 does not undergo

br eakddlie ehvattehen d¥hexbrithe gatey vidldlagelisge velappl the tdoains ext er nal
term nal. Hence, breakdown of the MOSFET [err] can be reliably prevented.
In thi oferttwli obempiag HABFET iRodendy tihe iyranpotegion gate MOSFET

Q2 have a surface breakdown voltage of about 20V, respec-
tively. The breakdown voltage of the pn junction which
- does not involve the sﬁrface breakdown such as the pn.
junction between the semiconductor region and the semi-
conductor substrate is from 37 to 40V, |

The 5003 gaté oxide film has an electrostatic break-
down withstand voltage of 30 to 40V.

Since the transmission gate MOSFET is short-channeygd,
it has'only-a rélatively'low drain-source breakdown VOltage.
Namely, when the semiconductor substrate having the above-
-mentioned resiStivify is used, the drain-source breakdown
voltage of the transmission gate MOSFET having a 3.5 y
channel iength is about 11IV. This breakdown voltage value
is the minimum breakdown voltage of the MOSFET, that is,
the minimum valﬁe of the breakdown voltages'measﬁred from
the negative resistance curve'of the MOSFET. The'drain-
source breakdown wvoltage of the clamping MOSFET having'an
8 mm-channel length is about 16V. | |

Eince the resistor




25 bet ween the other end of the resistor [err] and the junction 4%5)
of resistors R and R4 that divide the power source vol- tage V  and hav .
rel;at,i vely high resistance values, res- cc pecti'vely. The vol tage-division
ouﬁpﬁt by these resistors [err], [err] is aet. near t he power  source vol tage
[err] 5 When the power source éoltage V is supplled t he di ode
D2 is reversely biased by t he vol t age-di vi si on out- put voltage fromthe

hi gh resi stors’aﬁié]msgt&gdd' qﬂf'ete” S‘Q”F‘eﬁ feafr§ﬁlayt9£ﬁkﬁ%é%ﬁ

sidpal [err] nce i dd do not affect t

transm ssi on Qfafd MOSFET! by Q@'Iﬁif‘-éapéb YHER therbredkdaivh. o®N thee
ot.her hand, when the power $ource voltage [err] is not applied, the

cl anpi ng Opeﬁéatéliﬁsﬂlé&ih@ﬂf@ﬁmtﬁﬁ thike tafaridibsth 0@ Ebaﬁnﬂetb&e—
resistor [err] if a high voltage due to static electricjt§ is appli ed.
Accordi ngly, Mented. as the diode [err] is turned on together with the

di ode D t he high v-Itage due to statlc electr|C|ty & be greatl

restrbct ed. 21 B : epbedinengshovnein %nspmguﬁés

3, since the surge voltage S I|n1ted o beIOM/the br eakdown voltage of, the

gate insul ati fiHGe ivRg FRSiStaRSE MBREY Peor S (fRrped RY of bej polysi-

pref erabl y 50 constrieled 33000 d ' U bnke S 5 a0 s 01 LU 3h9%s

only a relatively small parasitic capacitance between it

and the semiconductor substrate 20. Hence, the resistance
10 element R, does not virtually limit the sigﬁal change
speed of the signal supplied to the transmission gate

MOSFET Q.

wention), Iq[thes-anhsdameati a backward dlode D1 is éie-

15 -?;;;EZ;h place of the clamping MOSFET Ql of the foregoing
| embodiment. The breakdown voltage of this diodé'Dl is so
set as to be lower than that (about 20V) 6f the transmi-
ssion gate MOSFET Q2 but higher than the signal amplitude
(about 5V) of the address signal Ai. '
20 _ lccording to this arrangement, the transmission gate
‘ MOSFET Q2 does not undergo breakdown even when an abnor-
maily high voltage is applied to the external terminal.
Hence, breakdown of the MOSFET Q2 can be reliably prevented.
In this embodiment, a forward diode D, is interposed

25 between the other end of the resistor R, and the junction



ferred that the resistor [err] is so constructed as to reduce - 36 - the

parasitic capacitance between it and the sem conductor substrate in the

10

0

me way as the aforementioned pol %iLicon | ayer. If necessary, howeveri s
e resistor [err] -may be forned-by-“a sem conductor resistor |ayer such as
a diffusion re- 5 sistor. Preferably, the resistor R is constructed

by a sem - conductor resistor region having a | arge parasitic capaci- tance

in OFdeéftﬁeéﬂEHdBé”R%Yaﬁ&SR | ¢hdthel Depke Vohee pdweh e ciurge voltage
applied to the MOSFET {err]. ~If necessary, 10 however, it may be o/
formed pageh¥ fielfll ade fellativelie shgk nepistanee resivi®y fes+]. In
such a case, s advant age can be obtained in that the withstand voltage

bet weerpé¢tbivedyst orTHervdlhaget-dd wisiennoutput dybdhese resisboracreased
to a marked extent. 15 The protective_elenent such as the MOSFET
Q showzinREi g eetl newr 3thay DOWAT SewBeReVoL&sgeh Which is equal to, or
shorter Than,_the channel length of the trangm ssion gate MOSFET. In such a

case, if.an'HBﬁGrﬁ&esﬂﬁ!ﬁ?v§9P6§@¢W9¥ﬁﬁE?e&cbolﬁhéqgakiqﬁﬂ ¥R%ninal, the
VostET 34088 rPed & Faversaty, Blpsty tin fo"Pal tees diRa iR e O 97
w th trEeE, RLRES O O EAR BT de B E TPt Rne Marcalinhon T e, can be
reduceq&s also biased reversely by the input signal Ai. Hence,

the diodes D1 and D2 do not affect the transmission of

the ordinary:input signal Ai_at all.

On the other hand, when the power source voltageﬁvcc

is not applied, the clamping operation is effected via

the route of the diode D, and the resistor R, if a high

voltage due to static electricity is applied. Accordingly,

as the diode D2 is turned on together with the diode:D ’

the high vgltagé due to static electricity can be[

restricted.
/ :

embodimente——For—exampley the transmission gate MOSFET,
may be the only one. In Figures 1Z%h£§;gh 3, since the
surge voltage is limited to below the breakdown voltage
of_the gate insulating film by the clémping MOSFET Ql,
the resistor.R2 is preferably so constructed as not to’
limit the change.speed'of the signal. Namely, it ié pre-

ferred that the resistor R, is so constructed as to reduce



25 The polysilicon |ayer 10 shown in Figure 3 nay be 37 ;
connected to the drain region 11 of the MOSFET via a conductor |
such ,as a vacuum deposition alun1n|un1layer The polysilicon |ayer
al s\o’ be connected directly to the drain regilomg@&'-of the MOSFET [err
w thout 5 passing through the vacuum deposition al um nium |l ayer 9.
When t he protective circuit consisting of the re- sistor [err] and the

cl anpi ng NCS [e sed. .as_ i e- o] s A
Fealstor R o seFrestAY iy Lbahet, vt 19, ?P%E%E“Mﬁ“m

relatively mg##sﬁ?ﬁfg %pthe séﬁeawﬁﬁﬁwé’tﬁémthﬁ@m@ﬁtibﬁe@

speed due to e resistor [err] under e operating state of the Ig’can be
made rel ative] yosRul | IrHAWRI samhgNhblie vieas) siltdiceesistbe Resmuyorbd efojmed
can be made relatively large, the protective circuit consisting 15 of
the resistor ¥y &ndeilieozlidargtowy MBEEToredrdyer noichl asys ddddasion Ter
such a case, when the abnormal surge voltage is applied to the external

term gal [errgistoe.voltage applied to the draim of the transn155|on gate
MOSFET @ is limted by the surface breakdown voltage. 20 The
present invention Brafbzrakilge) ytheenesisioseMy Je%n%l%ﬁ‘éi'upﬁteégrbé’t é}l semi-

circuit deviceshaving the aforenmen- tioned so- caIIed "drain |n% st em
conductor resistor region having a large parasitic c paci-

tance in order to sufficiently restrict the peak value of
the surge voltage.applied to the MOSFET Q. If neceséary,
10 howéver, it may be formed on the field oxide film in the
same way as the resistbr'Rl; In such a.case,-an advahtage
can be obtained in that the withstand voltage between the
resistor R, and the semiconductor substrate can be increased
to a marked extent.
15. : The protective element such as the MOSFET Ql shown
in Figures 1 and 3 may have a channel length which is equal
to, or shorter than, the channel length of the transmission
gate MOSFET. In such a case, if an abnormal'éurge'voltége
is applied to the externai terminal, the level of the surge
720 voltage which is applied to the transmission gate MOSFET
is limited to a relatively low value. TFor this reason, the
resistancé of the resistance element'RZ, which is.coﬁnected
in series with the transmission gate MOSFET Q2 to limit the
breakdown current, can be reduced. |

25 : The'polysilicon layer 10 shown in Figure 3 may be
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-.-38- CLAIMS. 1. A sem conductor integrated circuit device including:
). an external termnal to which an input signal is applied; (b) a first
rcuit -node; (c) an insulated gate field effect transistor :for \& 1t

' ransmtting the input signal appi Le(r%-?to_'sai d external termpal via a

drai n-source path thereof to said first circuit node; and (d) a resistance
el ement inserted between said external termnal and said insulated gate
field ecoamectethstetbhe diradsbyregionr édi stfatde MEBHET Rasviaresi stance -
val ue so set that when an abnornal surge voltage is applied togsaid o
ext er naR confusdior i layegusish RS bR cHROVUA oDt k9 v hni gh a

sem conguct or jupction_of ;said insulated gate field effect transistor to a
| evel | ﬁ@?rt'ha%%é’%}@ﬁ?c RO L RBRF LV BAVE i?étsct:}l%e%°%?%ﬁgﬂgm of the

0RUe ) PRHRRENAY 4 RAL 3R DHAET0RLg, TR iR L guahalr 2
Lt WS008 BB, MBoRRhH g Pefotl @ o ot
: When the protective circuit consisting of the re-
sistor R, and the clamping MOSFET Q, is used as in the fore-
going embédiments, the resistor R2 for restricting thé
breakdown current can be limited to a relatively small value.
10 As a result, the drop of the signal chaﬁge speed due to
the resistor R2 under the operating state of the IC can
Be made relatively small. |
' However, when the-resistance of the resistor R2 can
 be made relatively large, the protective circuit consisting
15 of the resistor R; and the clamping MOSFET Q; is not always
necessary. In suéh a‘caSe, when the abnormal surge voltage
is appliéd.to'the external terminal P5, the voltage applied
to the drain of the transmission gate MQSFET Qa_is limited
by the.surface breakdown voltage‘
‘20 The present invention can be widely used in a semi-
con¢uctor integrated circuit devices having the aforemen-

tioned so-called "drain inpuf“'system.



- "39- 3. A semi conductor integrated circuit device according to(i:gb.-ﬁ
Caiml, additionally including: (e) a second circuit node; and (f) a T
protective circuit so connected between said first circuit node and said
extefnal terminal as‘to transmit the input signal.supplied to said external
termnal to said first circuit node, an% 0 operating as to restrict a
maxi mum | evel of a voltage applied to saldTirst circuit node to a |evel

| ower than a breakdown w thstand voltage of a gate insulating film. 4.

A geri conduct or .4 % rated circuit device according to Claim3, wherein

sai d second cir%%# ﬁ%C)de consists of the gate el ectrode of an insul ated

gate field effect transistor fqor signal input. 5. . em cpnduct or
integrated circhit device a§€BFGPHG%F qae%ﬁ%%ﬁr%Wﬁﬂeﬁ+F§€§€ %%%f%%tive
circuit consists of a second resistance el enent inserted between said

external term nithcklmdingied first circuit node and a protective el enent
substantially connected between said first circuit node and a reference

potential point of said c(ajui knaesttedrrdly terakrioys wielsinoen oinputakignal
| oner than the breakdown voltage of the gate insulating filmof said first

I nsul ated gate Iée£gpf££3?t transistor. = - 40 -

(b) a first circuit node;

(c) an insulated gate field effect transistor
' for transmitting the input signal éppligd to said external
-términal via a drain-source path thereof td‘said first
circuit node; and |

(d) a resistance element inserted between said
.external terminal and said'insﬁlated'gate field effect
transistor; . whereby said resistance element has a
resistance.value so set that when an abnormal surge #bltage
is applied to said external terminel, it reduces the
breakdown current flowing through a sémiconductor
junction of said insulated gate field effect transistor
to a level lower than the breakdown current level that
causes breakdown of the gate insulating £ilm of.séid
insulated gate field effect transistor. |
2. A semiconductor integrated circuit device.
accordihg'to Claim1, wherein said first circuit nbdé.

consists of the gate electrode of an insulated gate field

* [4 L M S *

effect transistor for signal input.



6. _ A semi conductor integrated circuit device according to Claim5, *
perein said first resistance el enent consists of a resistor |ayer forned,
4 an insulating film on a‘'sem conductor substrate having formed on t he/a
sdrface thereof the drain and source regions of said first knsul ated gate
field effect transistor, and sai €& 3$8cend resi stance el enent consists o0f a
sem conductor region formng a p-n Junction between it and said
sem conduct or substrate. 7. A sem conductor integrated circuit =
devi ce adsording t c Giembeenducternintesyatedeciotowie devieed first =’
i nsul ated gate field effect transistor as well as said first resistance

el enent acedrditme €y CLa&PhY$| | adantioanellyd includings sem conduct or
integrated circuit device according to Caimb5, wherein said protective

el ement consists of%@ Zg ggg?bﬁaukggﬁgigah%d‘é.e! d&f fect transistor having

the drain thereof cbn 0 sal F'st "Circuit node and the source

t hereof connected t aid reference potenti,gl point. 9. A

seni conduct or inted@% edadPFegF9%§¥9iGinﬁﬁgiwﬁaquQPQ9E§¢n%@tVﬁ%Pein sai d
-first insulated gate field effect transistor has a size smaller than that.

of said seddndinsticireubbtrofecandeshddt edrteryiash cberminad. as to A
sem conductor integrated circuit device according to Claim8, wherein said

first i ngwatiead 1 1repet c51£6011 EAPPIIEA TRSA L BHESMAENEE nsAAL! e

t han

to said first circuit node, and so 6perating as to restrict
a maximum level of a voltage applied to said first circuit
node fo a levél lowef than a breakdown withstand voltage |
of a.gate insulating £ilm,
4, A semicqnductor integrated circuit device
according_to Cléim 3, wherein said second circuit'node
consists of the_gate electrode of an insulated gate field
effect transistor for signal input.
5. A:semiconductbr integrated circuit device

~ according to Claim 3, wherein said protective_circuit
consists of a second resistance element inserted between
said external terminal and said first circuit node and a
protective element substantially connected bgtween said
first circﬁit node and a.reference potential point of said
circuit and having_a breakdpwn.voltage of a value lower
than.the breakdown voltage of the gate insulating film

of said first insulated gate field effect tramsistor.

[




sem conductor integrated circuit device according to any one of the
preceding Clains 3 to 10, wherein said dev_j,%i_flcl udes plural external
té&inals to which an input signal is suppliied and plural insulated gate
field effect transistors transmtting said input signal applied to each of
said plural extgrnal ternigaehildRistdnesEeirateodr 6eroait daoieel, the

input signal being applied to each of .said plural insulated gate field
efkect transistors vi.a_the prgtectiyve ai i1 f | b3 Lin e

belf\o{v a predet e?ﬁ?ﬂgglp&gopéﬁ@%eé/ ¥ é@éfé;jrfies%%n%%& 1gg§i¥%£{né% ehBHnt
sem conductor integrated circuit device constructed and arranged_to opera&g
substantial |y aconsists efs& mesisham layer cfewmned, Jvbaani Lngeipiing film,
t he acconpanyi ng drawi ngs. The text of the specification has been

reproduced by pbat acseniegnidue tanplsubatsate ilgavihg t fpemedpon thensurface
contain a few anendnents which are difficult to read. The original

typescript contgpl.agst e GEBUIHRMY SsdYcderéSE0RS 68 0a14Ne1 PEEMiBRUIG ed
the Patent O fice -

gate field effect transistor, and said second resistance

tjat of said second gate insulated field effect transistor. 11. A
) 4

elément consists of a semiconductor region forming a p-n
juﬁction between it and said semiconductor substrate.

T | A semiconductor integrated circuit device
according to Claim.é wherein the gate electrode of said
first insulated gate field effect transistor as well as
said first resistance element are formed by a polysi;ibon
layer. |

8. A semiconductor integrated circuit device
according to Claim 5, wherein said protective element.
consists of a seﬁond insulated gate field effect transistor
having the drain thereof éonnected to said first circuit
node and the.soufce.thereof.connected to.said reference

potential point.

9. : A semiconductor integrated circﬁit device
accordihg to Claim 8, wherein said first insulated gate
field effect transistor has a size smaller than that of

said second insulated gate field effect transistor.

I —————

| O
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10. A.sémicondﬁctor.integratéd circuit device
according to Claim 8, whefein.séid first insulated gate
field effect transistor has a channel length shorfér than
.that:of said second gate insulated field effecf tfahéistor.
1. A sémiconductor ihtegfated circuit de&ice
according to any dﬁe of the preceding Claims 3 to 10, wherein
said devicé includes piural external terminals to which an
input signal is supplied ahd plural insulated gate field
effect transistors transmitting said:inpﬁt'signal applied
to each of said plural external términéls through the
drain~56urce'path thereof, the input siénal béing applied
to.each of said piural insulated gate field effect -
transistors via the protective circuit for limiting a
voitage level below a predetermined level and the
resistance eleﬁent.

12. , A semiconductor integratéd éircuit device
constructed and arranged'tb operate.substantiallf as
herein described with reference to and as illustréted

in the accompanying drawings.

~ The text of the specification bas been reproduced by photocopying the applicants original
typesczipt. It osy comtain a few sanendments whick &re difficult to read. The oxiginal
typescript containing these saendments may be inspected on the presises of ithe Patent Office
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