;vwxyz{e3eL@z6T=e( TITLE OF THE | NVENTI ON SEM CONDUCTOR | NTEGRATED
CI'RCU T DEVI CE Technical Field The present invention relates generally to 5
sem conductor integrated circuit (I1C) devices configured using netal oxide

sem conductor (MOS) transistors, and nore particularly to-a smmmmum m
1 C device which enploys specific MOS transistors with a gate MW M
filmthin enough to permt flow of. 10 tfunnel current therein andgyhhch is

adaptabl e for use with | owpower circuitry operable with Iom1vo|tages of 2
volts o~r less . Background Art - ' One prior known sem con’c\iﬁﬂ

integrated circuit 15 device enploying highly mniaturized M@BWMHWﬁmHmS

fabricated by m croel ectronics fabrication technology is dis
exanple, in a paper entitled "Limtation of CMOS Suppl y-Vol t age S&&4P¥ng by
MOSFET Threshol d- Vol tage Variation,"” 1994 Custom Integrated 20 Circuit
Conf erence (Cl CJITEH. QG?HQ7§@VENT§O§aper al so teaches the correl ation of
“the transistor threshold val ue versus flow of Ieaka&p current during

st andby peri ods. Di sé?%gﬁpgDH?TPﬁeINW@@R@F@P SEREVELeREVYCEvai | abl e

standard MOS transis . typically designed to operate with a
gate vol t age of fron# %nf8a§ Bigdf s (so-called the "gate-to-source"

Vol tage which 1S nor Rk ¥rEQULLaL B0LAL2 LG MRE SURRLL.YY) Lage) vl

maki ng use of a gate’l
5 semlconductor integrated circuit (IC) devices

configured using metal oxide semiconductor (MOS)
transistors, and more particularly to a semiconductor
IC device which employs specific MOS transistors with
a gate insulation film thin enough to permit flow of.
10 tunnel current therein and.which is adaptable for use
with low-power circuitry operable with low voltages of
2 volts or less.
Background‘Art | -
One prior known semiconductor integrated circuit
15 device employing highly miniaturized MOS transistors
fabricated by microelectronics fabrication technology
is disclosed, for example, in a paper entitled |
"Limitation of CMOS Supply-Voltage Scaling by MOSFET
Threshold-Voltage Variation," 1994 Custom Integrated
20 Circuit Conference (CICC), pp. 267-270. This paper
also teaches the correlation of the transistor
threshold value versus flow of leakage current during
standby periods. |

Disclosure of the Invention

25 Currently available standard MOS transistors are



5 filmranging fromb5 to 6 nanoneters (nn) in thickness. CGenerally, as the
integration density of ~MOS transistors increases, the transistor size
decreases, and the thickness of the gate insulation film decreases
accordingly. The present inventors presently 10 predict that MOS-1C devices
of the next generation will require use of further mniaturized MOS

transi stors operable with a gate voltagé@ ef 2 volts or |ess while reducing
the thickness of gate insulation ' filmdow at 4 nmor |ess. 15
Principally, it may be considered that the operation speed of MOS
transistors remains inversely proportional to the gate insulation film

t hi ckness decreases--that is, as this, thickness decreases, ~the MOS

transi stor speed increases. However, this does not 20 cone without

acconpanyi ng a "tyﬁﬂéa9i§"deﬁﬂéhkﬁ3twh%BeEQ%eNg§tﬂaéegh@§ubﬁ&kg ﬁf5$ﬂ}s c;

n

becomes too thinner, a tunnel current begins flown erethrou

result in an incfeameli8 teagageveutsenkoluniek Eﬁ@kagﬁtguEbQ%Bch§UCh as’
a source-to-gate current or "', 25 drain-to-gate current, which inherently
does never - 3volakgepwhtehi DsshapaaldyMegutikanehst 86S th8UpBwieRCr ease in

tunnel | eakage current in turn |eads to an increase in power dissipation of
MOS transi stors @upbhy voahadpy) pehiddsmakéngofisel bft hegdescinphilarisuch
dielectric 5 filps_permtting tunnel current |eakage will be referred ta. as
the "thin" Yate FhiNI 5enghng| frem| FkeRi SenavemesensMOBNY r anskhtickaess. .
enpl oyi ng such . dielefiric filmwll be called the "thin-filnm MOS

transi stors her eFRRFFR1I Y On2f hEheohbEgeyatipandargiMpsefoMPBansi stors in
whi ch such tunne{ | eakage current does not flowwll. be referred to as the
"thick-filn MOSTPARE? ?5?s?nqﬁﬁasFﬁnnEgecGF?BHPSFeékﬁﬁée prebrafseRas been

I di d i h ' | pitl] " Semi ductar. World," Jul
1095, “at pp.  80- 81 TeSURREAXRREYCOF chhl u8Fe ZBRUTALLP SHMBN about any
1995. at pp. 80-G4; . Ui | i |
(i S pati on dur| g 2t andby- cre: Sond el Tur e | e SRR

preciselyﬂo1(xrﬁr@&ié@WtH&EVmééexﬁré80§cé90$@.Lﬂezﬁeﬁkgﬂ%ﬁgr?§§8nFi9-

10(a). This is a graphical representation show ng experifental results
concerning the dvBlh velhhge vesSes ghatReeUniANLtGPAz88t @HESti cs of one

thick-filmMOS transistor. Plotting 25 experinental data in this graph

assunes t hat itstgﬁngistors operable with a gate voltage of 2 volts or
less while reducing the thickness of gate insulation
film down at 4 nm or less.

15 Principally, itimay be considered that the
operation speed of MOS transistors remains inversely
proportional to the gate insulation film thickness
decreases--that is, as this_thickness,decreases,‘the
MOS transistor speed increases. However, this does not

20 come without accompanying a “trade-off" penalty: When
the MOS gate insulation film becomes too thinner, a
tunnel current bégins flowing therethrough. This can
result in an increase in ;egkagg current (tﬁnnel

1eakage current), such as a source-to-gate current or !

25 drain-to-gate current, which inherently'does never



4 oxide filmnmeasures approximately 6 nmin thickness. Since the oxide
filmenployed herein is thick enough to render negligible the
tunnel ~l eakage current which can fl ow between the gate and source or
between the 5 gate and drain. See Fig. 10(b), which presents the drain

vol tage/drain-current characteristics of a thin-filmMOS transistor. This
assunes that a gate oxide filmused is $.5 nmin thickness. Since the oxide
filmis 10 thin, |eakage current can flow between the gate and. source and
al so between the gate and drain thereof. Accordingly, even where the drain
voltage is at zero volts, a non-negligible ambunt of current flows between
the gate and drain when its gate voltage is 15 not zero volts. In the graph
of Fi:g. 10(b), a drain current of 0.5 nmillianperes (M) or nore or |ess
was derived when the gate voltage is 2.0 volts. In conplenentary MOS ( CMOS)
circuity configurdke (RI2Ee t 1 cktandar 4OOSr BRANSLBESTSsi MUChatrcTeas@ge 20
current renains neq%%g%b e iq{annunt;'an const ant _ cur.r ent éDC,current)

will by no means*% I OYRRSoF §FKaEe | QURERRE ciir BHER LeafSehP BBt hREReRRE

source and drain, t he contrar W t circuitry engploying thipfilm

MOS transi stor s,lrb%]%w?%a‘%a%ﬁel%%ﬁ%t°€0@§F5W§§Sé8¥§ hg{gr&%ﬁsgﬁﬁfldgﬁr rent
DC current) fl : 5 di ng| This ans. t hat  sone. power .

fji ssi pati on) ari (s)ae%le?/desﬁ 5 %]Er:ée:g{ her}% )r/téiuial ﬁ%s?r%lﬁ%%rgrsa%cﬁ/e@;%}ecﬁlg? 11,

whi ch showss the ¢l I 90ble d 16y LNGkOPSSuPL SRl gelpisylagion il m ver sus

gate | eakage 5 current. Even when the gate voltage 1s at to volts\or
around it, if thefHateednselad el ¢mhe ﬁaa@ Phsd1 88 8A f!i‘li‘n?i ckness,

then any resultant tunnel current remains harmess in practica
applications. OlikeviddercdeteiniNOSByrdes5ee0rHyehpbseingi shed in the .
dielectric film will be called the "thin-film" MOS
transistors hereinafter. On the contrary, standard MOS
10 transistgrs in which such tunnel leakage current does
not flow will be referred to as the "thick-film" MOS
transistors. The "tunnel current leakage" problem has
been also discussed in the mohthly journal titled
"Semiconductor World, " July 1995 at pp. 80-94;
15 unfortunately, this is completely silent about any
ideas for soiving this problem.

A mechanism of an increase in power dissipation
during standby due to tunnel current will be discussed
more precisely in conjunction with the graphs shown in

20 Fig. 10.
| See Fig. 10(a). This is a graphical
representation showing experimental results concerning
the drain voltage versus drain current characteristics
of one thick-film MOS transistor. Plotting

25 experimental data in this graph assumes that its gate



10 .art that even if the gate voltage is potentially decreased to range
from2 to 1.5 volts which may be | ower than ever, the |eakage current will
no |l onger remain negligible in magnitude once after the thickness of gate
insulation filmis reduced at 15 approxinmately 3 nm Presunmably, if the
gate voltage is 2 volts or nore or less, _then the boundary exists at a 4-nm
range of gate insulation filmthicknessgor around it. According to the

t eachi ngs of the Sem conductor Wrld docunent, it has been pointed out that:
the 20 tunnel effect in quantumtheory takes place with a 5 nmgate
insulation filmpoint being as the criticality. This docunent al so teaches
that a remarkabl e tunnel current can occur not only when the gate
insulation filmis as thin as 1.5 nmbut also when it falls 25 within a
range of from3 t can be seen - romthe Eraph of Fig. 11

while the gate ﬁ%*%%éefgiﬁm@eT%uﬁ%sl%ﬂBF%ﬁlWBFeFXdécPWohnl hpeiReSS -

di ssi pati t t te, | fil

Chimner to deor cauts  OhE SEiel] Oﬁﬁo “Pleketnfigkrinots) Bhugh, earigs” ™"
b f t |t f | t

current begins %éwﬁéﬁﬁéyeﬁeﬁff i 2l LG8 £8n88iha?g%£§1 ad ﬁﬁowﬁﬁgﬁg Ofor

bel ow. Addition IS C y preésune

gate i nsul ati on did "BLGAMSOL Foll £RE 3G 0E00ahECSBREL® fbétaésﬂntﬂé' de is

10 about 10 angstrons. Anot approac nown suppresses a
subt hr esholsd souwfes tah@lr@a_l-@lﬂl,eakage current by potentl ally raising the
threshol d value of MOS transistors. However, even with use of such
approach, 15 it staySeénpbgsi bbeb)n whishi pkeskatsedueeaghandby power
di ssipation due to the flow of source-to-gate tunnel current. Wile the
gat e | eakage curvaktade(dwreineccureent chghécberiiatiescofitaothby-f£dtmeasi ng
t he thi ckness of ) ) ‘
MOS transistor. This assumes that a gate oxide film
used is 3.5 nm in thickness. Since the oxide film is
10 thin, leakage current can flow between the gate and
source and also between the gate and drain thereof.
Accordingly, even where the drain voltage is at zero
volts, a non-negligible amount of current flows
between the gate and drain when its gate voltage is
15 not zero volts. In the graph of Fig. 10(b), a drain
current of 0.5 milliamperes (mA) or more or less was
derived when the gate voltage is 2.0 volts.
In complementary MOS (CMOS) circuity configured
using thick-film MOS transistors, since gate leakage
20 current remains negligible in amount, any constant
current (DC current) will by no means flow insofar as .
leakage current is absent between the source and drain.
On the contrary, with CMOS circuitry employing thin-

film MOS transistors, gate leakage current does flow

25 so that constant current (DC current) flows



20 gate insulation filnms to reduce standby power dissipation involved, this
does not' cone w thout acconpanying a penalty: As discussed supra, if such
MOS transistors are enployed for circuitry. then operation speed decreases
making it inpossible or at 25 least greatly difficult to attain any desired
performance. It is therefore an object of the present invention to provide
a sem conductor integrated circuit device capable of reducing standby power
di ssipation without 5 having to degradi’ng circuit operation speed. In order
to attain the foregoing object, the invention provides a

| ow- power / hi gh- performance sem conductor integrated circuit device by

sel ective use-of different kinds of MOS transistors including 10 thick-film
MOS transistors and thin-fitm MOS transistors, wherein the former is
negligible in flow of_ tunnel |eakage current whereas the latter is capable
of operating at ARPFEZEIE WAhie Aecasspaipitn §omee nawereldisnipatidreakage
problem 15 In, accordance with the principles of the invention, there is
provi ded a sent EEHTRFCIET Mhfatde GIranitevi Tl poReIAHE on t he same
substrate a plurality of_kinds, of transistors different _in magnitude of
a | eakage current fl%‘?ﬁ g~ i tﬁje'r %N’%ée#’?‘ﬁ% RereetahienocfatBeor bet ween
the drain and g ) end conduct or. 4 nteqr circuit devi i.S
configured to hg:vthg'cr]r{é%%s(s:ior@cﬁatr}rey mqrhmqb?%m%sqsea%qt%ﬁgewe
transi stor sof tla%ﬂ@éHE%|'h”eﬁfwhEBQ%h%fgggg b%%%%é%%g%sa.ebngcggeﬁ%ffﬁé n

.| eakage current, and control circuitry inserte etween'the main

~circuitry and abbd e@®urét, ifd the gate insulation film is 6 nm or

greater in thickness, then any resultant tunnel
current remains harmless in practical applications. On
the other hand, it may be seen by those skilled in the

-10 .drt that even if the gate voltage is potentially |
decreased to range from 2 to 1.5 volts which may be
lower than ever, the leakage current will no longer
remain negligible in magnitudé once after the
thickness of gate insulation film is reduced at

15 approximately 3 nm. Presumably, if the gate voltage is
2 volts or more or less, then the boundary exists at a
4-nm range of gate insulation film thickness or around
it. According to the teachings of the Semiconductor
World document, it has been pointed out that the

20 tunnel effect in quantum theory takes place with a 5-
nm gate insulation film point being as the criticality.
This document also teaches that a remarkable tunnel
current can occur not only when the gate insulation
film is as thin as 1.5 nm but also when it falls

25 within a range of from 3 to 3.5 nm. As can be seen




of two power supplies and conprised of at |east one MOS transistor less in
| eakage current. It should be noted that intended hi gh-speed
characteristics may be successfully acconplished by 5 designing the MOS
transistors such that the gate insulation filmnmeasures 3.5 nmor less in

t hi ckness: Also, rendering it thinner at 3. O nmand further thinner at 2.0
nmor |ess may enable the operation spéedto further increase. However, as
the operation 10 speed increases, tunnel |eakage current will |ikew se '
increase in magnitude. In view of this, it may be desirable that the MOS
transi stors of reduced | eakage current be specifically enployed for
interruption or interception of a standby voltages) as applied to the 15
thin-filmMOS transistors. |Intended advantages may be sufficiently attai ned
whenever the povixors s VtdpiereLmidios1 | ansi Bé Of e NBACHT o Dedgam or
greater in thickness; if extra high speed requirenments are not required
when reduction twengisadid dee ldwemmsd bfo2 Orgdudt Som ble powetr hem t o neasure
10.0 nmor greater. These MOS transistors may be structured to offer .any
desi r ed- char act eHisstiped: imn s ugverb| yn dasi gns itgud hicon hi wkeaesshef gaes e
insulation filmor -ehanging-either carrier density or distribution at the
gate el ectrode, PSPt kernores dthinnenicio Reereasy, fromr2a%ing -
9 the gate insulatjon filmthickness requires that the gate | ength

i ncrease i % val 1€ Zcfomth nidh yEhicknesir dlaxge neeafag o T eer ek egins

fabrication progess.. the characteri Stjiyf control __or adjustnent may_ 5 becone

accurate when t He T STHE HROH ARRILCAH N 195 (R FREE hYRkE29¢ R E Mos
transi stors are uf gctur-ed. su .hat__t at.e i.nsul ation. filns and gate
el ectrodes thereo rlarog:ctﬁo%l@&d' a?‘ﬁgté'ﬁéro | reie‘\L F ol sslsstcéfﬁd"é'ﬁ.er’%slﬁ'earzﬁsluslf‘,e t
wll be recomme | nati ot : i i i e d prior
to formation of %Qn%ggpgﬁ%{lu%ﬁ%{@%ﬁe%ﬁg%%:%s%p%éi%ﬂ%x?agﬂﬁﬁt t he

latter is diffieudabiRand hedOnBig Ithe Qi tle Aff P OCASS, RAEARBLALS during
fabrication. Tn addition, in cases where such two kinds of MOS transistors

are 15 fonged sepanat aloy arfgytddmg.a protective dielectric filmon resultant
gate el ectrode | ayer may enabl e suppression or elimnation of occurrence of
gat eel ect rode degr adatdtthrenwtdEsrdsch oL kiowy whitch OseXBedss08 &f sub-

succeedi ng processes. 20 It should be noted here that in the sem conduct or
i ntegrated circlibregdolce squreedraahee mitdakdpe instwatt ibwent i on, the
thin-filmMO3S transistors are preferably selected for use with specific
circuitry partsPot@&tisddivc raisgma dhenttthuasshnlgh-wpbesl @5 MOGracteri sti cs,
i ncluding, but not limted to )
transistors. However, even with use of such approach,
15 it stays impossible in principle to reduce standby
power 'dissipation due to the flow of source-to-gate
tunnel current. |
While the gate leakage current (tunnel current)
might be under control by increasing the thickness of
20 gate insulation films td reduce standby power
dissipation involved, this does not come without
accompanying a penalty: As discussed supra, if such
MOS transistors are employed for circuitry then

operation speed decreases making it impossible or at

25 least greatly difficult to attain any desired



- 10 information signal processor circuits, such as logic function units
(logic circuits such as NAND gates, NOR gates and the like) as built in
central -processing units (CPUs), latch circuits) high-speed nenory cell 5
arrays, and others. In contrast, switch elenents for interruption of power
supply during standby periods of these thin-filmMOXS transistors may be
configured using thick-filmMOS transistors,. which function as the

power -supply 10 intersect transistors. Also, any circuitry parts wthout

hi gh-speed requirenents as well as circuits under strict requirenents of

hi gh voltage wi thstand characteristics may be configured by such thick-film
MOS transistors. Menory cells with no high-speed 15 requirenents such as
static random access nenory (SFt~AM, dynam c RAM (DRAM, nask read-only
menory (nmask ROMer¥dimiic&exanpl e. Protective circuitry as inserted for
prevention of gate-insulation filmdielectric breakdown is another exanple.
Preferably, 20 thoserwofid hehéhbekréi b dBPett apsi 6hor srobefh 2hGchOLOR
applied with high voltages conme with a specifically designed source/drain
structure--that tc predwecie i deérelcondhaxat | Dt &dracédr eireal tdiegicdut not
limted to, a lightly-doped drain (LDD) structure. 25 It should be al so
noted that in cassabiteref titmducing 1stamdhy qroet odissipgr ddmdvithowt t
device of the invention is_arranged as an IC chip, it will be recomendabl e
that a |levél cofAimg %9 rdegrading poiesil bl opexatiewnseeedion of el ectrica
signals be 5 built therein in order to "absorb" any possible differences in
potential |evel betwserPTMRONFAREFEHAI EPeofPREIRHIG GRde6h: gbfig ones from

it. In~hen this . s dqne, it is. desiraple inviewaof reljpability that
Chickotim NS (YA PARVIRT oy P PR T S HON P EFFSRFR s t for

recei ving high %ﬁ@ér@uﬁ%rerﬂ%?%%d 8 S, ?‘E e@sd%‘e&?%%%g%%??%r@gsi stors

be in remaining circul foor ing reratrve i nt er nal

or "in-chip” sigpal%r Hl;g@yeg%eél}g@wé EPMOYU £th S2LOG-L N fd1 bl MOS 15

transi stors may function e at Teast one of register €s, cash

m-riories,ot randiatdiar i 100k@s | 1heabet § €58 (dhdstniAng; DRAMSel | s; if this
is the case, it is preferable that.the nenory cells are arranged to store

therein data durimihsSisudhy, paidstn e LOrméweld i 9oy hpyweNEes Shogd sly not be
limted exclusively thereto and may alternatively be nodified such that

t hese include fiagfSttunmeds Idakmy®ryucedhs whehégdh tlteebattateiand second

ki nd of ones |lower in access rate than the fornmer, wherei-n the MOS

transi stors 25 cepghlatdhepamtinstamenigly spéeds avki be cateompanying
the tunnel current leakage problem.

15 - In accordance with the principles of the invention,
there is provided a senttconductor integrated‘circuit
device including on the same substrate a plurality of
kinds.df MOS transistors diffefent in magnitude of a
leakage current flowing either between the source and

20 gate or between the drain and gate. The semiconductor
integrated circuit device is configured to have main |
circuitry conétituted from at least one MOS transistor
of the plurality of kinds of MOS transistors being

greater in leakage current, and control circuitry

25 inserted between the main circuitry and at least one



- 12 | eakage current than those form ng the second nenory cells. It should
further be noted that upon interruption of the power supply of the
thin-filmMOS transistors 5 by the power supply intercept transistor(s), it
is possible by providing a level hold circuit--this may be configured using
thin-filmMOS transistors for retaining or holding the |last potential |evel
of an output of logic circuit operatively associated 10 therewith--to

el imnate any adverse influence or affection by power supply intercept of
-the thin-filmMOS transistors. Preferably, such level hold circuit may be
formed of one or nore thick-filmMOS transistors less in | eakage current
magni tude. 15 The thin-film MOS transi stors as enpl oyed in accordance with
the principles of the invention nay advantageously serve to reduce power

di ssipation significantly by interrupting or "intercepting" power feed
during standby pdr it8Ps ROYSY SHPRYiehandongrised) dleatageeast ram can

i ncrease in mag 'tu%&ieven where these thin-filmMOS transistors are

desi gned to opefate WAL B&Fa IS7F gt &L sRHAIRSWABW 2 volts, such as 0.8

'he. I eakage current 3o iaca Hedotda e it eihef i posgige

current-decreas . enti.al iven use of different gate

vol t ages theref %?l.a%%g(?’?{l%a%%;s, q‘iéﬁé‘ 4%@ c:gc_eeS L#“%/l t-q%cc}“_éoalslesélﬁ\%lg

transistors arededigaidl (o YRRN AR CALAAN Slorp GRIJ Al vRld@ge bet veen
ich v

the gate and source of €ach one, tage 1s | ower at being

applied to the lieakage oW FANm dRERASRM M iy AISHYY Sin AHikace dance
wi th one aspect of the invention, a sem conductor integrated circuit device

is provided 10 wiisoh irecldeddsd iirtstrigiitheecond Moot r=asifidiseras forned on
the same silicon chip substrate. A respective one of the first MOS
transi st ors has thdnnesulaat i2vd fnn mwflebsnmayhiedakdre |t¥ss asedati ibrbet ween

the source and drain thereof or between its drain and
- speed to further increase. However, as the operation

10 speed increases, tunnel leakage current will likewisk
increase in magnitude. 1In view of this, it may be
desirable.that the MOS transistors of reduced leakage
current be specifically employed for interruption or
interception of a standby voltage(s) as applied to the

15 thin-f£ilm MOS transistérs. Intended advantages may be
sufficiently attained whenever the power-supply
intercept MOS transistors measure 5.0 nm or greater in
thickness; if extra high speed requirements are not
required when reduction to practice, it may be

20 permissible for them to measure 10.0 nm or greater.

These MOS transistors may be structured to offer
any desired characteristics by suitably designing the
thickness of gate insulation film or changing -either
-carrier density or distribution at the gate electrode,

25 drain and/or source electrode. Generally, increasing



15 gate; a corresponding insulative filmof each second MOS-transi stor
nmeasures nore than 4 nmin thickness. In accordance wi th anot her aspect of

the invention, a sem conductor integrated circuit device includes first and

second MOS transistors as forned on the same 20 silicon chip substrate. A

respective one of the first MOS transistors has an insulative filmof 4-nm

thick or less as |aid between the sourcg and drain thereof or between its
drai n-and gate; each second MOS transistor has an insulative film between
the source 25 and gate or between the drain and gate thereof, which - 14

filmis greater in thickness than the first MOS transistors. The second MOS

transistors are specifically adaptable for use in controlling flow of
source-to-gate current or drain-to-gate current of the 5 first MOS

transistors. In @Hgoggggcgngﬁigg§éhlEiggpkg Eggéggfﬁsgaé%%%sggéﬁgk-on, a

sem conductor integrated circul evice incru

transistors as fgafed1engthes 38PBask! L6OYaa1bPaSUREHLALS, A T espect i ve one

of 10 the first MOS transSistors has an insulati 4 nmthick or

less as |aid betweenrhheegavceoartiedmiich oo e wWpgl st Bardnit ;4pd gate
t hereof. The second MOS transistors are adaptable for use in interrupting

transfer of assopratesspouke shaphytvelbagescbavesd &5 EH?uEEhéht
transi stors. The sem conductor integrated circuit devise

of each first MOS transistor during interruption of power supply. 20 In
accordance with §Etngrd nerickpbtimofMPRetranehstons arsemaoufidoctioed
integrated circuit device includes first and second MOS transistors as
formed on the saecRithbntheigakabinpulationefilng: aMisoatensi stors are
i nherently greate¥ iQ qgggitude of 25 | eakage current flow ng between the
source and gate oréc-t° Heete’h #he Grarrdafl §ePareker BEPCRREr eas t he

second MOS transj S T inless inle e current t the first, ones.
'I\I'/gg :Snt egr at efl c%t?é %t,gg evi cceq;ls ys’peJtr:El f"f’?gfﬁiﬁ d?i%ﬂfﬂ‘lée?’%%?a?h?%etlﬁé&]ﬁnd

rangj st or : : . i v e ich.is gher
t han thatnﬁzing %&E%?%d‘%%gghe f?%%@ggﬁé ??gﬁgés 5%%? ?glﬁoﬁgégiaﬁnet with

geirgéher aspecttiofn tderd NMeNt 1 H0 oR~BLTHEOBIULLOL LPt egrakgd  CLpgHi t
the latter is difficult than the former in control of
process parameters during fabfication. In addition, in
cases where such two kinds of MOS transistors are

15 formed separately, forming a protective dielectric
film on resultant gate electrode layer may enable
suppression or elimination of occurrence of gate-
electrode degradation otherwise occurring due to
execution of succeeding processes.

20 It should be noted here that in the semiconductor
integrated circuit device in accordance with the
instant invention, the thin-film MOS transistors are
preferably selected for use with specific Circuitry

_parts under strict requirements of high-speed

25 characteristics, including, but not limited to,

urther includes a
| evel hol d Tircubecéme dotdragetwkehashepowenkinallisl e¥elnafhedy, ouhput si gnal



10~ responsive to receipt of an input signal having a specified anplitude
voltage Vcc2 is arranged to include a |l evel converter circuit for
generating and issuing an in-chip signal by potentially reducing the
anplitude vol tage of an input signal, wherein | eakage 15 current occurrable
bet ween the'-gate and source or between the gate and drain of a MOS

transi stor accepting the in-chip signaligs-greater than that in another MOS
transi stor receiving the input signal. Wen practicing the invention by
applying it to 20 integrated circuit devices such as those for use with

m croconputers, the sem conductor integrated circuit device cones with an
arithnetic processor unit and a data storage unit as configured using MOS
transi stors, which circuit may include at |east one of the mask ROM 25

SRA d DRAM T, ! i i -1 .e logi
ciroui ts in the s TRRRr e ps bebel PSR At Rafra: PURRy PRMLRIEY o
[ess 1 Lhi cknesgudbaiiod hSEEQT 1g; FEEILY.GEL) 5,00 LiCwal gge un ol n

accordance with a still further aspect 0 571 nventi on, sem ¢o ctor

integrated circujitdevise EH@'Pﬂﬁé)OQSFBﬁii%ﬁ?gs%EhE?Q&EEQEEE@EEn

plurality of kinds of MOS transistors includin iIrs transi stors and

second MOS transustos s(CPds$ ey endtéhosieach et hah ghhspraeal hdfer9f ckunnel.
current flowi ng 10 between the source and gate or between the drain and
gate. The sen comdey®r amd egrla¢esl. circuit device also includes a main
circuit configured using ~at |east one tunnel .current increased MOS
“transistor. The devi e ¢enthasti newiteb~elenetitsl fer dnteuirupadoaperatively -

15 coupled to the main circuit and also to at |east one of two power supply
units. This contPItersueptvyduring casandhy periodaepfctheent theoréadnd (or
absent) MOS traqg% tor. The controller is responsive to a control signa

fed thereto for VI ST g PascrBidgusefersineg| fhpeknii lankos
D1 e 11 ot ole 8 SHE e belueeD, Lic, souree, and gate or bt veen (he
R R e e R e T S
without high-speed requirements as well as éircuits
under strict requirements of high voltage withstand
characteristics may be configured by such thick-film
MOS transistors. Memory cells with no high-speed
15 requirements such as static random access memory
(SRAM), dynamic RAM (DRAM), mask read-only memory
(mask ROM) are one example. Protective circuitry as
inserted for prevention of gate—insﬁlation film
dielect;ic breakdown is another ekampie. Preferably,
20 thogse of the thick-film MOS transistors which are to
be applied with high voltages come with a specifically
designed source/drain structure--that is, electric
field relaxation structure including, but not limited

‘to, a lightly-doped drain (LDD) structure.

25 It should be also noted that in cases where the



- 17 of kinds of MOS transistors include MOS transistors different in gate
insulati'on filmthickness, or alternatively MOS transistors of the sane
conductivity type having gate el ectrodes doped with the sane kind 5 of
inmpurity to different degrees of dopant concentration. ' Another feature is
that where MOS transistors different in gate insulation filmthickness are
enpl oyed, those MOS transistors each_hawing a thick 10 gate insulation film"
is provided with a side wall spacer which is adhered coating the side wall
of its gate electrode. The spacer nay be nade of a chosen insul ative
‘material chemically insensitive to hydrofluoric acid. This side wall spacer
may be for 15 use as a mask for fabrication of the LDD structure, supra.
Brief Description of the Drawings Fig. 1 is a diagramshowing, in
cross-section, s . of _the _nmjor_ste f the nanyfacture_of. a 20 .
seni conduct or in %%}g?%éuEF?Eu??taggggsgiﬁlﬁeﬁggdaﬁgécﬁﬁ?ﬁ GRE preferred
enbodi nent of th i pv Lon. .Fig. 2 tLllustrates in,crposs-section
sone of the najo?ngéﬁggg%fi?hgg%%ﬁg?gc?gr8nokbacgéﬁfcbgdﬂ&%grantegrated,
cireult device ipeachfbfanste "thh: 2001b6E1°aBAYLIEAL 25,0l LN lnvention.
Fig. 3is aplan viewof a - 18 semconductor integra ed ciréuit device
enbodyi ng the i nyeréhedal Fidvet E8RVELSi8nCHRSE188E QAR syLA¥ Qf pEhe
device as taken along line A-A of Fig. 3. Fig. 51is a circuit diagram
showi ng an sequi iaheht cheteih Hnconfiegueat r@Bsekba seyi gesgdupler integrated
circuit device enbodying the invention. Fig. 6 shows a circuit
configuration ofdafibehencesbini petentFay. 1évehobetacanr thcbmingfi gurati on
of a further enbodinent. Fig. 8 shows a circuit configuration of a stil
further 10 enbodshErels Fig. the phipeand gnaoghingepnesefitami it. ofWhemi cal
current characteristics of one standard MOS transistor and of a tunneling
MOS transi stor pethftif idereowibfisuAneirebieesr vhewugh retighidity

i | at i film Fig. 11. h i f 15 th | at i f
Gate Tnsulati on F o TR CkELUT MRS (LEBRERFFERE BEnSP}OYeginIooFbagn.
circuit di,agram ing a configuration.of a.further epbodi nent of the
invention?ﬂgigi'ﬁggéﬁ%msp%?%i%%ﬁiYeﬁﬁhV?ﬁﬁrgf?ﬁnp8FeﬁtfﬁftﬁﬁFeﬁﬂﬁ di ment of
the invention. Fi i (o] i k. configu ion_of a further

enbodi nent of tréf??ééﬁn?%ﬁké%%g#ﬁﬁﬁ'%%iﬁ %chég%ngﬁﬁ ?6ﬁr%?i%ﬁ of a

further enbodi MeRdmOinife &MVERIL OPar £l orlﬁfga}gngifgféﬁigg yf,ation of

i
a further enbodi ment of the iInvention. Fig. circurt confrguration
of a 25 further wobadii@ntiofethel i H¥eniophifhdsidfaig @ - 19 circuit
configuration of a further enmbodi nent of theinvention. Fig. 19 is a circuit
configuration of afurhbehenobpdeaedt ebnFheureveakiag. thigx-291hmSMagi rcuit
configuration of a further enbodi ment of theSinvention. Fig. 21 is a .
circuit cd¥ iguratamsisfors unahefurcbbohabbyy Ohclh@ei Avebéasnd. okkgof 22 i s
a planview of an integrated circuit chip enbodying theinvention. Fig. 23 is
a plan view of aregxstegyr af Ebes r corsh chépories, etbadylagivhelookeasida. Fig.
23 isl0a plan view of an integrated circuit_chip furtherenbodying the
invention. Fig. Butfers plaBsli condfDRAYIneediat edfcthisi ischhp eadedyi ng
the invention. Fig.25is P | ap view of an integrated circuit chip
" enbodyi ng t he ihvelt iRk %f@bl%eth%t-atlbﬁamevpéw eelan1arat agraneadctrcuit

hi p -enbodyi t i tion. Fig.27 3 i jt di f tenti al
Feduot] oncl oy 15T ScEBTHRT <ToF% rounTRAnSHARERY BECLRGR nveie on. Fig. 28
: . i di ol reduct | . r g i th
(5 pcined o aramelon RoysaLLLksthelhon 7 suld 18 accordsnce, (h @
potential reductd;al &id Céﬂc? xﬁé%o i‘P&PM&E?vEE? bQVéﬁBEk?EedF Lgch?’ghh% a ,
circuit diagranof an input/output™crircurt. g. 31l rs a circartdragram of a

| ever converter widgali indihde! £¥RLe PRIAZET YRChiRBSy EbY1s385 fi1gnC! M Cuit
di agram of anot her

access rate and second kind of ones lower in access

rate than the former, wherein the MOS transistors

25 constituting the first memory cells are greater in



- 20 level-holdable | evel converter. Fig. 33 is a circuit diagramof a
standby controller circuit. Fig. 34 is a block diagramof a m croconputer
system enbodying the invention. Fig. 35 is a cross-sectional view of an 5
input/output circuit. Fig. 36 is a circuit diagramof a mask ROM enbodyi ng
the invention. Fig. 37 shows . another configuration of a mask ROM al so

enbodyi ng the invention. Fig. 38 is a tial cross-sectional view of the
mask ROM shown in Fig. 37. Fig. 39 is a circuit 10 diagramof a further
mask ROM .Fig. 40 illustrates a partial cross-section of the nask ROM of

Fig. 39. Fig. 41 is a circuit diagramof a further mask ROM Fig. 42
illustrates a partial cross-section-of the nask ROM of Fig. 40. Fig. 43
depicts a circuit configuration of a 15 DRAM enbodyi ng the invention. Fig.
44 is a circuit diagramof a sense anplifier as enployed in the DRAIN of
Fig. 43. Fig. 45-Sf ﬁgeaCEFFEBFttbéﬁggbﬁﬁﬁtﬁ@ﬁmépgat§§n§@£&ﬁﬂlmﬁm@FYdrive
signal generator citcuit as used in the Fig. 43 DRAM Fig. 46 shows a
circuit 20 confiﬁﬁ#gfron of a main anplifier used in the Fig. 43 DRAM Fig.

i rouit i agr am showtio“AeHAPa THEEBRE: COMbE T (VRE HRD [BHAL TR o as
cui t_di agram sho . dér "SnGHE S (e R e e
2 Cente anpl i 11 o7 andei peweroypbry b c8, bhif- 215 IOB, kxBTS e

L, a7 devs oo, ByOtn8lobbUSLiAREY. 1hBeeRERt0RdaGkasso3qgh] O B OF Steps

of the fabrication of an n-type transi stor structure enbodying the

invention. 5 Bespodbiielenbodipisgitibfgl AVeBianNheevekak-cankadikeat fiay
practicing the invention as will be described hereafter are principally

featured in thatbeunoefigureéntsbaguthahl€iVSMDSaRSEaEAESoREr Fokt i Ng t he
flow of a tunnel current either between 10 the drain and gate of each
transi stor or beree2hnihg draholdhdggbhe fhetepbtaneipilolieged off ansi ngle
chip substrate along with tunnel current absent (or nuch decreased) MOS
transi stors subsP@afPRhl P§ ppaiencinguisueheranivelyupsentisked bet ween
them and that the 15 tunnel current avail able MOS t~~ansistors are

adapt abl e ¥%r - usERPRECbRRT rEQt ERYNENARENaBYr adVerRRt RRESYRBECEaPES wher eas

t he tunnel curren% degleted (or much re ucedé MOS transistors are.in -
forming a controftEFCEIPRUPY RAVER EBRPLY| inSereePtoffothepEhdn-édliodes 20

e e o SORTRPRE 2400, ) LRSS 0L UG e Elt i
LR L ol POESEDL el CoE o BN RSN 19 1 anby
transistors less in leakage current magnitude.

15 The thin-film MOS transistors as employed in
accofdance with the principles of the invention may
advantageously serve to reduce power dissipation
significantly by interrupting or "intercepting" power
feed during standby periods in light of the fact that

20 leakage current can increase in magnitude even where
the;e thin-film MOS transistors are designed to
operate with extra low gate voitage below 2 volts,
such as 0.8 volts or 1.2 volts or therearound, by way

of example.

25 Pféferably, that the leakage current-increased MOS



25 circuit without having to affecting the circuit - 22 operation speed
t hereof. Several sem conductor integrated circuit devices enbodying the
‘principles of the instant invention will be described with reference to the
acconpanying 5 figures of the drawing. Figs. 1 and 2 are each a pictorial
representation for explanation of a manufacturing procedure of a

sem conductor integrated circuit deviceg4hat satisfies the-0.18-mcroneter
rules in highly advanced 10 m croel ectronics fabrication technol ogy, which
devi ce has both tunnel current available MOS transi stors and tunnel current
depleted (or nuch reduced)' MOS transistors on the same silicon substrate.
Fig. 1 shows a first enbodi nent of the invention enploying 15 thickness
different insulative filnms whereas Fig. 2 illustrates a second enbodi nent
utilizing the inpurit oncentra&ion differing scheme. Note that the

m ni mal fabricat Bﬁnﬁgﬁgﬁfﬁoﬁngs §2K8IRe FEEE e HRHEASEI ONEFaBEE by t he

[ ti te | th, of 20 t i st . 1t J.s hardl ffected b
over | aps ot o BRPERERalYoaETRE DY, EoB 8c iR 1Sy OB End RIS O t he
th hand, t f i hod. f intepti || )
Shortening a oat SFEAEBE" PRHI M TFLYCTeng  KERNECOPukPRRRH HE0Pe R ¥ oo 1 s

25 rather than tfgsphysi ricat ignydi QN oo 1 r.di the
gate length. If .this iéhgﬁgtéggeéeghggggge g?g?htﬁggééégglgggﬁoglg%trica
properties-ssay, céheaiff {82thye BatRebANGHhR' yaRRCAUMRS RukeX B3N axeher. In
Figs. | and 2, one formis shown which has no 5 essential differences

bet ween the physbnal ghiehl esgthgeelikecbiveg tabh ¢Matobedngeaphanedand t he
effective gate | ength; however, it should be noted that the present

i nvention may al Sber deakagepphrecehkedeorthe etinmoisaciranisigteeishod for
intentionally shortening the 10 effective gate length so that it is |less
than the physical gaf® kreggrHance with one aspect of the invention, a

semiconductor integrated circuit device is provided

10 which includes'first and second MOS transistors as
formed on the same silicon chip substrate. A
respective one of the first MOS transistors has an
insulative film of 4-nm thick or less as laid between
the source and drain thereof or between its drain and

15 gate; a corresponding insulative film of each second
MOS transistor measures more than 4 nm in thickness.

In accordance with another aspect of the invention,

a semiconductor integrated circuit device includes
first and second MOS transistors as formed on the same

20 silicon chip substrate. A respective one of the first
MOS transistors has an insulative film of 4-nm thick
or less as laid between the source and drain thereof
or between its drain and gate; each second MOS
transistor has an insulative film between the source

25 and gate or between the drain and gate thereof, which




The first enbodiment will now be explained in conjunction with Fig. 1. This
enbodi nent is drawn to the manufacture of an exenplary |IC device attaining
15 copresence of a tunnel current available MOS transistor and a tunnel
current depleted MOS transistor wi thout any substantive flow of tunnel
current therein on the sane chip substrate by differing the thickness of.
gate insulation film 20 between them- Wy l.e this enbodinent is intended to
fabricate such two different kinds of gate insulation films by use of both
p-type MOS transistors and n-type MOS transistors, cross-sections presented
in Fig. 1 assune use of p-type MOS transistors only for purposes 25 of
reduci ng conplexity of illustration. An n-type - 24 5 10 silicon
substrate 101 is prepared having a top surface on which an el enent

i sol ation dielecgri giLaon_ 102 made. of . a the I ide.filmaf 300 nm

thick is forned.£{%ﬁt£§ ég%@%?ﬁténSEP%SEB?sﬁ-%5%8 ?ﬁﬁu?Ffﬁpdgﬁﬁd | ayers 103
and 104 are for megan Jhess, s MPURLL Yo dAYER 3¢d03. - L0 AL 5 X, J017 atoms cm 3
in average concentration and are i nherently necessa?@ ¥or*%f enent isol ation

fromn-type MOS spanstsiarsy(RabBehBio: %{Dméedf-_gg%smhhmgeg%o&oekfese“t

within a single chip. Any one of currently avai e 1 npuri ping

techni ques may bsoereéoyedgaeel enfrBnty8e HAYEAStd03at&08urfEher o®Nth
inmpurity is doped by ion inplantation 15 20 25 techhi ques causi ng each MOS

transistor 30 exhidst MOPredehspetdotrBreshol d value, a silicon thermal oxide
film105 is forned to a predeterm ned thickness, for exanple, 10 nm on the
entire surface of ‘'t hensabsordancst withuseiliubaeghent bgpeatpolfyehygstal | i ne
silicon or "polysilicon" layer 106 is deposited overlying the thermal oxide
film105. Layer HOUR%lehend epehietpddoper Wwnteaguatedpaircyibfdevibesen
materi al such as&ggﬁiﬁgorgs causi ng resultant €o|ysi|icon | ayer 106 to be
adjusted at 1 x A 3 FhrabeRRgesespretPat FoaneispaBs phsr berneduent y.

The phosphorus i,gn introduction na%,be performed by ion inplantat~.on to 2
x 1015 atons cmi Z At HR ¥ BT HEPRACRIRr GYPBErABL ki 1D HIRNITVER (e af 25

K :al i . b i ned_by. f.ab -d d
(ko) 1 L ot el ey Lhe ame, g be ol Logned, By s of s acboten dopgd
oxi de {11! 5 degosines); a5: = oal ooe! polAOHE LAV SEALVE L 20T 4025

t hi ckness of 50 nm on e entire surtace of resu

of Fig. 1. The famdddnedl thdSgiys’ 7o)l cri,ﬁqgéj IEC?.:?
thermal oxide film 105, polysilicon I%é%yg%%%_%n§¥g§?é e_ecf%%%§£%ro ective
llayer 107 are therardl sidy£cdréd Oadabt £51E NBorShHg PﬂoiﬁééfPﬁgﬁﬁﬂgy and dry
etching techniques formng an insulated "island” 108 on substrate 101. Thls

i sland 108 neasurmmdFeh of ciou®t Pd Sed Bosre O s@FSBY Vol Fagast ecbpasd h
fabricated. Island 108 will constitute the gate electrode of .a 15

t hi ck-fil mSVOS titendfiststy . MOBetnyahoi otofs Uormde Seniiddrdutitand i nto the
substrate structure, with the gate el ectrode being as a mask therefor, to a
concentration ofintsgrarer cgircwtt adeelee afuorhen! tngkudés 2 Kewelfor m ng
spaced-apart p-type |layers 109L in inpurity 20 region 104 of substrate 101.
These | ayers 10@Pyﬁnp%ﬁgult for holding the last potential level of

an output signal of each first MOS transistor during

interruption of power supply.

20 In accordance with yet another aspect of the

invention, a semiconductor integrated circuit device

includes first and second MOS transistors as formed on

the same silicon chip substrate. The first MOS

transistors are inherently greater in magnitude of

25 leakage current flowing between the source and gate or



as the source and drain regions of the lightly-doped drain (LDD) type. This
i s done ‘because a voltage being applied to such thick-film MOS transi stor
is not potentially |ow enough to ensure that it remains free 25 from any
possi bl e adverse influence of hot carriers - 26 which in turn serves to
degrade the characteristics thereof. To retain reliability) it is
recommendabl e to enploy electric fielLdjgelaxation structures including the
LDD structure. Introduction of p-type inpurity 5 makes use of ion

i mpl antation techniques with average concentrati on being set at 5 x 101$%
cnB al though this value is adjustable in conformty with the
characteristics of MOS transistors required. -Dielectric filnms 110 are
formed on the opposite 10 side walls of the gate el ectrode 108. These side
wal | spacers 11Q may be made_of silicon nitride of 100 nmthick. Spacers
110 will act as%ﬁ%’%/ee%ri orke \iirain ARd gate neherepEovhexeas Fhenseeerdt h
gate el ectrode | (t.his oxide filmfungctions the gate insulation 15

filmof gate 10 g T LNt B s OFF dtRe $8RKRYS| SRFTERE/ BR2R heni cal

reacti on of hydr rig acid solutian. as enployed during a | ater washing
process of the oé\?{eér ;ﬁ]ﬁgtur %% of FedtiogH ﬁﬁré:["’e"st‘%d’c’tciﬁ €= Then,
boron fl uoride ig,dnt#Qdpc cent io 0 imately 2 x
1015 cm 2 at acce ecg'af{li on %I%%@%%?&fgglge%&t%é%e%%?%?%ﬁ% spaced- apart

priype layers 108dibiangian 08 &fisibsiy al God Qe ybilanl gyeysiuddd act -as

the source and drain regions wth resp e gate r ode of the
LDD MOS transi stwfichlfias 2bi glaoh nehafl endx tyend apiidai 8o dgne pPyréon -
27 inplantation techniques to an average concentration of 5 x 1019 cm 3 or
nore or |less . ™OS resuddiswpgate insulation filmof the MOS transi stor
with gate el ectrode 108 thus fornmed may 5 neasure 10 nmin thickness by way
of exanple. |In caseslmhreteonBice anstlstarfuntikedessgaed st théjring the
0.18-),tmgate length criteria shown herein, the power supply voltage falls
within a range JPVEHBHOR.8 & ceamiramiuctonnintegsrated f¢ircuits deeited
within the gate 10 oxide filmw |l be 1,8 nmegavolts, per_square centineter
(Mem 2) a0 1 esEeSRPAHIYE £Q JRIDPE el InRiE entonal Veaying idted in

er square centinmeter (Acm 2),
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include a level converter circuit for generating and
issuing an in-chip signal by potentially reducing the
amplitude voltage of an input signal, wherein leakage

15 current occurrable between the'gate and source or
between the gate and drd@in of a MOS transistor
accepting the in-chip signal is greater than that in
another MOS transistor receiving the input signal.

When practicing the ihvention by applying it to
20 integrated circuit devices such as those for use with
| microcomputers, the semiconductor integrated circuit
device comes with an arithmetic processor unit and a
data storage unit as configured using MOS transistors,
which circuit may include at least one of the mask ROM,

25 SRAM, and DRAM. The MOS transistors constituting one



15 transi stor operations. Any increase in power dissipation will no | onger
occur due to gate |eakage current. This p-type MOS transistor hardly
permts flow of a tunnel current since its gate insulation filmis thick
(10 nmin this enbodinent). This p-type 20 MOS transistor is for use in
transferring (during ON periods) a packet of charge carriers fromthe power.
supply to a main circuit and in inter4u#i-ng (during OFF periods) the sane.
Next, after formation of the side wall spacers 110, 25 resultant substrate
structure is washed using - 28 hydrofluoric acid solution. The structure
is then subject to anodi zation selectively formng a thermal oxide film 111
to a thickness of 3.5 nmon the entire exposed top surface of the silicon
substrate 101 other 5 than certain surface areas in which

el enent - separat i i te.elec d f d. The a

pol ysi licon Iayé%gﬂ%#%il%%%%gggggé%gst%g éh?iggigﬁmgégFf§%§%8FSPESEPFant

structure to a t£i§¥@@5§n§ﬁlé§goﬂnfimﬁiﬁﬁitﬂy§5(%'gs?Y§{Sh§§Fn§8Fygpﬁn

el enent -separators 102 10 and gate 108 at step 0 Icon

layer 112 is entiiedy fopethg hémerphesphor¥g tRBSsEOrageolrgptr ation of 5
x 1015 cm 2 at acceleration voltage of 25 KeV all ow ng ?ayer 112 to be of

n-type conductivity Imtéctbedaneeagethmpueiktiylceoeentiabikpactbodf thex 102
cmt'3. Thereafter, a silicon oxide film1l3 is’fornmed thereon to a thickness
of 100 nm Sy wanwEnteempla, senicorguébdr Fnteytdledschascaipraeescteve film
of gate 108. Then, the thermal oxide film 111, polysilicon 112 20 and
silicon oxide 11PGudas grecihe ospaet 8ihiagn byubsvratet Aoglapayiapdodry
etching techniq es(%%us provi di ng another insul ated gate el ectrode 114 of
the 0.18 ~tm gat'&1Ehdth Mo s s epEet ipebuding cHRESEtMP8s the gate of a

thin-filmMOS transistar. 25 te here that unless otherwise the protective
film - 29 TOPISTEERPa TPEORT PSS ARELSTRFE SbEEAFENE hEremt o

o001 902 10 ladde ML MR Lagnat Sl PO LANE PR Lol Deld,
T, Vi eSS 3 B SN EHIR o,
1015 cmz at 20ds#®¥é. The semiconductor integrated circuit device also
includes a main circuit configured using at least one
tunnel current increased MOS transistor. The device
further includes.a controller circuit as operatively
15 coupled to the main circuit and also to at least one
of two power'supply units. This controller employs‘at
least one of tunnel current decreased (or absent) MOS
transistor. The controller is responsive to a control
‘signal fed thereto for providing control so as to
20 selectively permit and inhibit the flow of a current
‘between the source and gatg or between the drain and
. gate of the tunnel current increased MOS transistor
for use in constituting‘the main circuit.

One characterizing feature of the semiconductor

25 integrated circuit device lies in that the'plurality



provi ding p-type source and drain regions 115 at step (c) of Fig. 1. Since
a voltage applicable to thin-film10 MOS transistors will be extrenely

| ower in potential, the aforenentioned "hot-carrier influence" problem
encountered with thick-film MOS transistors is not so serious avoiding the
need of enploying any electric field relaxation structure, such as the LDD
structure 15 di scussed supra. - Subsequentdy, further ion inplantation is
done for suppression of the short-channel effect although this step is not
depicted in the drawing for elimnation of conplexity of illustration only.
After formation of an 20 interlayer dielectric film 116 overlying the
entire surface of resultant structure, a patterned first- netal chip-Iead

| ayer 117 is formed on film 116 at a first | evel over the surface of

v s formed o ata evel over th e of

ormi nal “pads. of VR PEAnST<lBps CEpnetahord) LordtHen oS, CEaRSaEpEE,y y

second and thirdaparterad ehi pakead Layers ey bs gfdlifually formed at
u

second and third | evel s over strafe . CATFEsul OO8t Pansi stor with

ate. 114 will be vt lbB- Li-Lpd rarsi-gt.0 b the
?act that this c%ﬁg§£§§E%Ogl¥e§8§e%kkﬁ%égﬁggé g? k?%iﬁgaSa?gﬁgﬁgﬁﬁgﬁﬁgn

filmbeneath gateypddhathhg §hta- bikerMoBekr aBpidl @4 thS thUCRakRakigyen upon
application of |ow power supply voltage of 1.8 volts, an electric field
created within iof faperify. tosdldfeeanti Baywekk be Bophemr z or greater
whil e simultaneously causing it to measure 1 x-10-6 Acm 2 in nagnitude of
gate | eakage cureentenpsataonbe readily seen by those skilled in the art,
this thin-filmMXS ' transistor was manufactured satisfying the currently
15 avai | abl e subni cr BROSBEK| Agatukes iisn thiad vleireoN@Sc ttarnsiistofrsbri cat i on
technol ogy; in tg%g regard, this MXS transistor_renmains adaptable for use
with the on-chi pdhfREERt ctitt 99tendBrulataPnyfilm thigkapegbrEet hat t he
thick-film MOS tranfistgrs ge greséer than thin-film20 MOS transistors in
gate |ength--i. e B W RT et gaf eMPEnGFARSE SERGS e S RFRNBRYEBFs 20k e Ghst rat e

101. The t esho- ick:film MXS transistors_is.requited to be

gr eat er tﬁg% tha%Q%%a%%lﬁ- F{%?o%ég? 6ﬁ.Pﬁ8V&§ﬁargF§?.Ftsﬁg§ H@éﬁ wel |

known that i1 thgogate @8; o 98 LkhBLLAl GOETRGALRACSSSIRhY kg Lgased
gate electrode. The spacer may be made of a chosen
insulative material chemically insensitive to

hydrofluoric acid. This side wall spacer may be for

15 use as a mask for fabrication of the LDD structure,

——

supra.
Brief Description of the Drawings
Fig. 1 is a diagram showing, in cross-section,
some of the major steps of the manufacture of a
20 semiconduétor integratéd circuit device in accordance
with one preferred embodiment of the present invention.
Fig. 2 illustrates in cross-section some of the major
steps of the manufacture of a semiconductor integrated
circuit device in accordance with another embodiment

25 of the invention. Fig. 3 is a plan view of a



- 31 resultant threshold value will decrease accordingly. The |ower the
threshol'd value, the easier the MOS transistors fail to conpletely turn
off; in such situation a current mght attenpt to flowin thin-filmb5
transi stors di senabling acconplishnment of intended advantages of the
present invention. This phenonenon may be avoi ded by increasing the
source-to-drain distance--nanely, by_enlgarging the gate |ength. This nethod
wel | matches the MOS transi stor design scheme 10 which has been generally
called the "scaling rule.” Mre specifically, enploying those MOS
transistors without the scaling treatnent will be sufficient; however, this
does not cone without certain "pain" in that resultant chip surface area

i ncreases. 15 Another approach is available to increase the inpurity
concentration-of _the channel section of .thick-film MXS transi stors.

on )
advant age of t hi $¥BpPIRRAT% %WﬁﬁgﬁﬁEEﬂiﬁlﬁfﬁﬂFrQﬁ¥F§F0?§bQ@¥1E§pﬁﬁfeeof
Shortont ng. t he gt SEMERTh 1" 32000 4 Heriline 1F stan Sz oits, v o2 Y
di sadvantage is Eﬁ@udé{F% t{éﬂ@ﬁséfgn 'ipﬁéaﬁgAvolgagg ra?ingbfnd

ue of 't 4 ) %‘f?eld

reliability are reduce 0 an I ncrease e internaf "eléctri

wi thin each MOS {¢ adséStali 2 Peyrad éﬂo‘sfgscal%de&&y\%f_éﬁtdsikee;@tbywtoge

scal i ng - 32 rules. Fig. 50 is one nodification enployling n-type

transi stors onl yeordfigunssibesot hat séREsEndtapst St RESgRLLeBabieat gd on the
same substrate along with those 5 transistors discussed previously in

connection with dégicd enbadyiyg ashev 1hvéetseh. f @id, el dWewdhm neiydeit
silicon substrate 5101 is prepared with an elenment isolation dielectric
regi on 5102 madecwifiguratien @iiakothém efb3dimentt hikig bet nghdw red 10
thereon, and n-type inpurity-doped |ayers 5103, 5104 as fornmed in the
surface thereof .CHHEEE | owiasion10f ar fudthed embodimenppurFigy. tH an
average concentration of approximately 1 x ~01~ cm3, and are inherently
necessary for eI%H‘E’fﬁ 3 Oty oh s fiduraespeceitd shibbcfurehep-type MOS

transistors, on the sanme chip_substrate (including both thin-filmand
thick-fil r?ﬁ%ones)grsa%%r?%%‘ri £ n thPo ARG TH Sl BN HIRFGREP ARG HE &y one

causi ng respoct BN (FEHRTEY STt Gt Er het T TeF Fedferd ¥fles, -
R T R S ST
Then, a 25 pol ysidimi dRYelow 136 ¢ $ndePOshEL£ant h@ﬁf&@gﬂoias gél’(:g’3
insula;ion film. Fig. 11 is a graph representative of
15 the :elation of gate insulation film thickness and
gate current density. Fig. 12 is a cirduit diagram
‘showing a configuration of a further embodiment of the
invention. Fig. 13 shows a circuit configuration of a
further embodiment of the invention. Fig. 14 is a
20 circuit configuration of a further embodiment of the
| invention. Fig. 15 is a circuit configuration of a
further embodiment of the invention. Fig. 16 is a
circuit configuration of a further embodiment of the

invention. Fig. 17 is a circuit configuration of a

25 further embodiment of the invention. Fig. 18 is a



t hi ckness bf 120 nm The resulting structure is next doped with boron ions
at its entire exposed surface causing the boron's average concentration to
be adjusted to 1 x 10z cm 3 or above within a polysilicon 5 | ayer 5106
overlying thermal oxide 5105. The boron ions may be doped by ion

i nplantation to a concentration of 2 x 1015 cmz at accel eration voltage of
40 KeV; alternatively, the sane may belattai ned by use of previously

bor on- doped pol ysilicon. 10 Subsequently, a silicon oxide film5107 is
formed as a gate electrode protection filmon the entire top surface of the
structure to a thickness of 50 nmat step (a). The thermal oxide film 5105,
polysilicon |ayer 15, 5106 and gate el ectrode protection |ayer 5107 are
patterned by photolithography and dry-etching techniques form ng. on

substrate 5101 & iRahdiel Rth e R T 9F% " bt el i MllEN, Pagyl!s

fabrication gate length of 0.18 Etmin view o rt-channe effect.

This island 5108 ntMddtiGNSt kgt e 16h8 0@t & &I &G e Al Ak dd 14n MS

t
transistor. Wth this gate el ectrode as a négﬁl arsenic Is Introduced to a

concentration offukthelllehiBimeatt 3f Kehe t Dnvdrer &Y. Pray de s paced- apart
n-type inmpurity-doped |ayers 25 5109L in one n-type |ayer 5104 of substrate

5101. - 34 Theseuidyeronf5HiHataicdn ast tHef sotlier @sbdimént: regioms of the
LDD type with respect to gate el ectrode 5108. The.--reason for this is as
has been dPscuss@&yentisen| uRéi. oBlwiitsh aFicj.rcliit rmionddigetraticef of taype 5
inmpurity herein may be done by ion inplantation techniques with the average
concentration b&UFFhsst exbosiiment) of il ainventirsuckhigal 2@ renw plareel y
adjustable in conformty w,th exact MOS transistor characteristics ‘
required. 10 Th&te¥iod &% At egrated |RT sl b 1almim renliqiiny ofhe he opposite
side walls of tQEWg%&g %]ec%node 108. T%&ge si,de-wal | spacers 5110 may be
made of silicon nitride of 1068 nfirt AtcR PRACH V&iWe Wa PP LHEEF3SLH0 wil |

e o S 2 PeabRiliorerhl) I BIAPSLS L8 AR SIS Pl T
10 a plan view of an integrated circuit chip further
embodying the invention. Fig. 24 is a plan view of an
integrated circuit chip embodying the invention. Fig.
25 is a plan view of an integfated circuit chip
embodying the invention. Fig. 26 is a plan view of an
15 integrated circuit chip embodying the invention. Fig.
27 1is a circuit diagram of a potential reduction
o~ circuit in accordance with an embodiment of the
invention. Fig. 28 is a circuit diagram of a potential
reduction circuit in accordance with a further
20 embodiment of the invention. Fig; 29 is a circuit
diagram of a potential reduction circuit also
embodying the invention. Fig. 30 is a circuit diagram
of an input/output circuit. Fig. 31 is a circuit
diagram of a level converter circuit with level hold

25 functions. Fig. 32 is a circuit diagram of another



nanely, a silicon oxide filmunderlying gate 108 and serving as the gate-
insulation filmof gate 5108-agai nst any possi bl e erosion due to physical
and/ or chem cal reaction of washing sol vent enployed, such as 20
hydrof l uori c acid, during washing of the entire surface of resultant
structure. The structure is doped mﬁth phosphorus inpurity to a
concentration of 2 x 1015 cm 2 at 40 \6forn1ng a pair of n-type regions
5109 in layer 5104 in such a manner th each is in contact 25 with a
correspondi ng one of region 5109L. These act as - 35 the source and
drain with respect to gate el ectrode 5108.  The n-type inpurity may be done
by ion inplantation techniques to average concentration of 5 X 1019 Cm 3 .
5 1n this enbodinent the gate insulation filmof resultant MOS transi stor
having the gate el ectrode 5108 neasures 10, by way of exanple. After
formation of thelsveé-halfabpactevedltonvelreerverBliy. tdp Ssrdackrowithe
structure is washed using 10 hydrofluoric acid. A thermal oxide film5111
is formed to a t@iaghensobfa3standbyncontyeldgracdacuttt heFbgposédisuaf ace
of the silicon substrate 5101 excluding certain areas of formation of the
el enent separ at | BhoBkePerEFRR PEGROMLISTIOZORRY LAt EYELER: PREOWS G168 Next ,
a polysilicon 5112 of 180-nm¢thick is entirely de oslte t hereon. The
resul ting struct WFEEREIE8ped Id t I° ot B2 i%ﬁ%S¥6 ’%l‘i"(*)"’l ¥HrY ‘81 an

L1060 e 1 wBEFsde R b b OgkCore AT 48 B8, A0 B A Rene 8] D
then forneq d|regthéi1v§6hykﬂgoﬁygxﬁeg§%zxﬁblhﬁgPI51Lgl t §§§€Eégg The

t hermal oxide fi 1, polysi con oxi de are then

patterned using QHQEHgtteeﬁf§§ﬁ¥aemend5x ﬁt&QbRQRbﬂCQ@bBUQEonQEh@'%%e25
anot her island 5114 of 0.18 m gate | ength. 1sland
invention. Fig. 38 is a partial cross-sectlonal view
- of the mask ROM shown in Fig. 37. Fig. 39 is a circuit
10 diagram of a further mask ROM. .Fig. 40 illustrates a
partial cross-section of thé mask ROM of Fig. 39. Fig.
41 is a circuit diagram of a further mask ROM. Fig. 42
illustrates a partial cross—séction_of the mask ROM of
Fig. 40. Fig. 43 depicts a circuit configuration of a
15 DRAM embodying the invention. Fig. 44 is a circuit
diagram of a sense amplifier as employed in the DRAM
of Fig. 43. Fig. 45 shows a circuit configuration of a
sense-amplifier drive signal generator Eircuit as used
in the Fig. 43 DRAM. Fig. 46 shows a circuit
20 configuration of a main amplifier used in the Fig. 43
DRAM. Fig. 47 is a circuit diagram of a SRAM embodying
the invention. Fig. 48 is a circuit diagram showing a
word decoder, word driver, and level converter as
employed in the device of Fig. 47. Fig. 49 is a

25 circuit diagram showing a sense amplifier and its



5114 constitutes the gate -electrode of a thin-filmMOS transi stor on
substrate 5101. Resultant structure is next doped by ion inplantation with
an inmpurity of arsenic to 2 x 1015 cmz at 40KeV providing in |layer 5 5103
spaced-apart n-type regions as the sqource and drain of the thin-film MOS
transistor at step (c). Subsequently, further ion inplantation is carried
out for suppression of the short-channgh effect although such step is not
shown in the drawing for 10 purposes of illustration only. After an
interlayer dielectric film5116 is formed,on the entire surface of
resultant structure, a first patterned netal chiplead |layer 5117 is fornmed
thereon for electrical interconnection with respective transistor term nal
15 pads at step (d). If necessary second and third chip lead | ayers nay be
formed insulatiy verlying chip lead, nmetal .pattern J3117. econd
enbodi ment 1 o sHtRe TR B Ok Ped ARG b Sra Db BRS B HE ) EF5R0€.

manuf act uri ng 219%_{5)](3/[%5 2 20 L& &b pigpagﬁl?%{ﬁgdf 58N agﬁgéxk@gjor

di fferent kind transi stors:’ tunné rent™ avai

transistors perndtdpdiGyf | Ok Of afr { HONELH CHE rglqtnLg%‘ggi Mo e8HLAL NG fEom a

change of inpurity concentration at gate and sour portions, and tunnel 25

current absent M¥ridansé SEBSIPRAGT thé NnWéntion37 substantive tunnel
current flow therein. In this enbodi nent the cross-sections of p-type MOS

transi stor$ al one arBest|msdie asmilodyiiygthd CAvkAEisane nmanner as that in
the previous enbodinent (Fig. 5 1). An n-type silicon substrate 201 is
prepared on whi ch anSevenaht elsof fihenbs dpeheticingr ehjeonn262tian ast ype
inpurity layer 203 and an n-type inpurity layer 204 are fornmed as shown.
Here, the n-typ&ilkl e dsserikrd diexeaiter ovreipnintipalby| feagivadof
transi stors 10 for %§e in constituting a main circuit whereas n-type | ayer
204 is for a wel¥? dfHoueinieh YT TR terRepir vl e ( MAS| RERRSIGRPER

sel ecti vel ermt po feed to the
_ y p per&ig§¥ng éie fﬁow of a tunnel current either between

10 the drain and gate of each transistor or between the

drain and gate thereof are provided on a single chip
 substrate along with tunnel current absent (or much

decreased) MOS transistors substantially preventing
such tunnel current flow between them, and that the

15 tunnel current available MOS transistors are adaptable
for- use in constitﬁting*a main circuit with logic
gétes whereas the tunnel current depleted (or much
reduced) MOS transistors are in formingra controller
circuit which controls selection of operation modes

20 betwéen transferring power supply voltages toward the
mgin circuit and interrupting or "intercepting" the
power supply thereto. With such an arrangement, it is
possible to reduce power dissipation during standby
periods of the MOS transistors constituting the main

25 circuit without having to affecting the circuit



main circuit during first periods and to.interrupt it during second
periods. Layers 203, 204 are 1 x 101 15 ciri3 or nore or less in average
impurity concentration. Inpurity doping into |layers 203, 204 may be
attained by any presently avail abl e techniques. After certain inpurity is
doped by ion inplantation into selected surface regions of transistor
formation for adjustnent 20 of threshok@ wal ues thereof, a thermal oxide
film205 is forned on the entire exposed top surface of substrate 210 to a
t hi ckness of 3.5 nm Then, a polysilicon |ayer 206 of 180 nmthick is
entirely deposited thereon at step (a). 25 A dose of phosphorus ions 207a
is introduced into - 38 certain substrate surface areas assigned to
formati on of standard transistors exhibiting. normal circuit operations, to

a concentration : 101 | eration voltage of 25 KeV providing
Bpoati L ehedose!

an n-type 5 polysilicon ayer 203 of substrate 201. Likew se, a

dose of phosphorus iQ@@eggﬁaséxfﬁi%ﬂ&&ci:m:?iﬂitEB‘%'él%'%Ei léﬁ?éh&ﬂt 8evYEbace

areas exclusively assigned to formation of power-supply intercept

transi stors exhidnbddies mortwe ©i16¢iH1 89t LRBSinkOadAt 10nGOREEHAT pLion of
2 x 1015 cm2 at 35 KeV form ng an ntype polysilicon 208 at step fib). Due

to a difference betdestribed esstparaf@t ficéetdbi BH8 atcbhigapposghorus ion
intr-0duction steps, resultant gate el ectrode of a power-supply intercept
15 transi stor i sfimuaresbde"the drguingy concentrati on dependi ng upon

| ocations in such a manner that the inpurity concentration increases (up to
approx. 1 x 102 cm 3F1g9i ylaanfit2 appeeasbcai pastwihé rtapzeagntasibower
section near the underlying gate insulation film20 to |ocally decrease~in
i npurity concent#%ﬁi?ﬁ?%%ﬁ&ﬁ%ﬁﬂ af ya IEANUERT By ring ceraraguye efea

gate-el ectrode Iomer(gﬁftion decreases (n carrier densit allomﬁnggthe

transistor to reSentt FEectRreRratrldr atteri St feviAdsER vt Fansietor s
tih e U ok satd Tl ehen dRelsl T ST L B LALE 2o [1on of o
32835??;3% ons e FBAr o &4 | 00 O 6n T ELOLASPLGY, 1001 OID &L £KeT S
has both tunnel current available MOS transistors and
tunnel current depleted (or much reduced) MOS
transistors on the same silicon substrate. Fié. 1
shbws a first embodiment of the invention employing
15 thickness different insulative films whereas Fig. 2
illustrates é second embodiment utilizing the impurity
concentration differing scheme. Note that the minimal
fabrication dimension as used herein is normally
definable'by the resulting gate length of MOS
20 transistors; it is hardly affected by overlaps of a.
gate electrode with its associated source and drain.
On the other hand, another manufacturing method is
known for intentionally shortening a gate length

resulting from evaluation of electrical properties

25 rather than the physical fabrication dimension



on the entire surface of resultant substrate structure. 5 Then, the thernal
oxide film 205, n-type polysilicon 208 and silicon oxide film209 are

subj ect to patterning process by photolithography and dry-etching

techni ques formng gate el ectrode islands 210a 211 at step (c). Gate

el ectrode 210 is 0.18 ~tmin gate length. 10 Since gate electrode 211 is
seen to have a thick gate insulation_filhm_its gate length is set at 0.18
~.mor greater in view of the short-channel effect. After formation of
gates 210, 211, a pair of spaced-apart ptype regions 212 are formed ip

| ayer 203 in such a way 15 that these are essentially self-aligned with the
overlying gate 210 thus providing the source and drain regions of a MOS
transistor. Simlarly, spaced-apart p-type regions 213 are formed, as the
transi stor source and _drain, in the_neighboring |ayer 204 to be 20

sel f-al i gned wi tFe95HREr FYengabat eengihasshiiBiid ineikicasat Brep (c).
lon inplantation nma e enployed_for introducing,of p-type inppurity such

t hat boron quor?%%gige?%ng B%E%@ P8 sugh1848cERisadt PIOPREVICFR-ERY s
enbodi nent al so,_.extyacLon inplantation 25 _suppressjon of the
short - channel ef ¢t 5 ﬁ%Flgg-giée gﬁ@%? fEé ??OEEBMﬁ RYt R8¥aPahPhg for
depiction conpl exity:elimnatikon p o] onlLy e[t Lon_of
an.interl ayer d?é?é%%?%bn}i?%?2%&,8é8f?§§ g%tgPé%hi%pﬁgégﬁégtggrn 215 is

formed thergon foegehechiii j C WeJa QYY) CLl i stor
term nal pads.. A§5necessa??%fggégﬁgéaggeﬁﬁ%?degﬁ1%Byégggga %ggn%éﬁgghbe

added i nsul ati vetef Daetlnd ngaPel eht Dokt @lReRddonbobaahene bhakctivihe
manuf acture of this enbodi nent shown in Fig. 2, resultant | C structure may

10 not offer thegxpabehgtly; ohowevpt et £tyshbuldinbei Agtklethhewehé tunnel
current through oxide filns; in this respect, it mght be admtted that

thi s enbodi nent presemts imgenthom may alsei vesatnbegphinebdé Ebgthé in
reduction of power dissipation. Instead, a significant 15 advantage uni que
to the Fig. 2 erftRribaeturies nethod fapabntenyiohatédushagtendngsthe

conpl exity and mapnufacturing costs. This can be said_because the
tunnel - curk®nt f¢bheerIYRrgabe pteneEh seakbakdivoBst LaRsi shersthad power
supply intercept MOS , transistors 20 is attained by nerely adding i on doping
or inplantaﬂ«m??%%kiﬁg'%?Eﬁs €89tRe ordinary fabrication system

procedure. Regarding.after-nanufacture reliability.test procedure, the Fig.
! enbodi ment s nmor e*adyahFS eSﬂgoéﬁﬂﬁn hglgﬁgpo EfbSePrrent S 1hhat

conjunction with Fig. 1. This embodiment is drawn to
the manufacture of an exemplary IC device attaining

15 copresence of a tunnel current available MOS
transistor and a tunnel current depleted MOS
transistor without any substantive flow of tunnel
current therein on the same chip substrate by
differing the thickness of gate ihsulation film

20 between them. While this embodiment is intended to
fabricate such two different kinds of gate insulation
films by use of both p-type MOS transistors and n-type
MOS transistors, cross-sections presented in Fig. 1
assume use of p-type MOS transistors only for purposes

25 of reducing complexity of illustration. An n-type



25 during test routines the fornmer requires nere - 41 execution of
measuring the gate insulation filmthickness whereas the |atter should
requi re actual operations of resultant devices manufactured. A third
enbodi nent will now be described with 5 reference to Figs. 3 and 4. Figs. 3
and 4 are diagrans each showi ng one practical configuration of a

sem conductor integrated circuit devité“bﬁbodying the i nvention, wherein
Fig. 3 is a layout depiction of this enbodi nent whereas Fig. 4 is a
cross-sectional 10 view of the |layout taken along line A-A" of Fig. 3. The
| C device is an exanple having a series conbination of two NAND gate
circuits. In Fig. 3, MOS transistors MP and MN are those for power supply
intercept (for use with a control 15 circuit), and neasure 10 nmin gate
insulation film&shlikaessubbthaughlohede peephBeapBaabhg Wi tbpSsumrgake
-insulation filmthickness. MOS transistors TP and FN are for use with a
logic circuit (nmBRnwBicbuan)elemadtadeolakinm dhefaterinsukatioanibil m

t hi ckness. In 20 this way, this enbodi nent enpl oys two ki nds of MOS
transistors with"aferefent tharmalnouidei 641m b 30Ai ohknebsckaliseforhede,
the gate length IMof gate insulation filmthickness-increased MOS
transistors is griatBf THRACFALE SRrace.i AstVmei sMPRKLRYtHPDRAcdsyess
decr eased tr [ rs,,This i.s based on the fact, - 42 that the need
is arisen {\%)?setfgi %%%rf)%?i%’f% FBefengtPesti il frorlayergat @3, 104
insulation film i d_previogusiy, if the gate length remains short
when such di el ec?fleg?;%lfrﬁn?sa?ﬁl Sk E™ hel SUBRHRES FATF TR ah ur

bet ween the sourggha [ j | | e.turn-on/otf operations.
The i nternal structLﬁ%&%ﬁﬁiﬁ%gégﬁgggngﬁgt%?gﬁnﬁ%g%ﬁ?%ﬁtﬁ??cgf?mdﬁv ¥B® of

this enbodi nent Nm$|tﬁ&h@%@i@f@edbgk%htﬁ§£85§ﬂﬁeaﬁg gﬁgckéf%gm!ggﬁggis~lo ~
ai n ni

enbodi nent basically enploys thin-film MO transistors to a h- speed

operations, it icopreddret wpitwided @iﬁ@léeéﬁﬁ%D P RS SOTUALSCRPL I NG
power supply during standby periods of such thin-filmMOS transistors in

order to rithim Avpblarlel sepwat tynddpingr teghsianedymaP e Ehg1ls¥bdches
include thick-filmMOS transistors inherently less in flow of tunnel
| eakage current.tAnEerm ypet iR stavners 3003 has04 herein a p-type wel |
After an impufityvis doped by ion implantation
techniques causing each MOS transistor to exhibit a
predefined threshoid value, a silicon thermal oxide
15 film 105 is formed to a predetermined thickness, for
example, 10 nm, on the “éntire surface of the substrate
structure; subsequently, a polycrystalline silicon or
"polysilicon" layer 106 is deposited overlying the
thermal oxide film 105. Layer 106 is then entirely
20 doped with an impurity of a chosen material such as
phosphorus causing resultant polysilicon layer 106 to
be adjusted at 1 x 10%° cm™ in average éoncentration of
phosphorus impurity. The phosphorus ion introduction

may be performed by ion implantation to 2 X 10° atoms

25 em™? at acceleration energy of 40 kiloelectronvolts



302 and .al so has an el enent-separation regi on 303 on 20 substrate 301.
Spaced-apart regions 30.4 to 307 are the sources and drains of

l ogic-circuit MOS transistors TP whereas regions 30.8 and 309 are the
source and drain of a power-supply intercept MOS~transistor MP. MOS

transi stors TP have insul ated gate el ectrodes 310, 25 311; MOS transistor
MP has its gate el ectrode 312. - 43 2Reference character "G T" desi gnat es
the gate insulation filmof each transistor TP, and "G M i ndicates that of
transistor MP. Afirst interlayer dielectric film313 overlying 5 the gates
310-312 on substrate 301 has openi ngs as contact hol es through which the
sources and drains as well as gate el ectrodes of respective transistors are
el ectrically coupled by first |lead |layers 314, 315, 316 and 317a Lead

| ayers 314, 316 t#eVicormendmihtibréhe, 16hsosane megi v8saofalngscogi tsait MOS
transi stors pMOSL whereas | ead layer 315 is to the "conmon" drain region
thereof. Lead 319t corbmoars-ddped @olesbiiocoe dogisind rptedepSitiansi st or
pMOSL to the drain of powersupply intercept MOS transistor pMOSV. Lead 318
is 15 i nt er connee@E@NiPehe Swiprsegusintdonera sudploen mxdrdeeftilWOS & r ansi st or
pMOSV. A second jnterlayer dielectric film319 forned on the first
interlayer di el S8R9 A3 1B IRk Lkeptrede Rreteeriveefitmel @2ttocal |y

connecti ng ecor’E | ead | ayer at a

q{I ad 20 | ayers 320, 321 to fhe first

desired | ocation Jhcz?é‘?ﬁﬁ Ci_éﬂs‘?b ThurRe $HELER oF W BACH e r SBPPE Hant
i ntercept M3S trgnsj Le 32 cts as first pawer s ly I'ine
for shulr[:t of . the soca’lrj'%(rae %?)é\/\?r-g%pp?é I?HEr Epﬁhﬂgs“tnrc%ﬁsqr%tocﬁjp 4 V.
Lead 25 321 is |lrgyeélcqrya;eq;&_lej_g] s fdéé#ﬁkr?ngglgé@?/\%’“ athe - 44 contact ~

hol e of second interlayer ectric th the above | ayout,

i nterconnecti on bet wged @hd 9l ' I EsiQr | €1 CLJ Cil
transi stors pMOSL and nI\/DSLﬂ%% ﬁi&gifééﬂpg@v& Oé%jﬁ%%/fllgb%ogﬁ,%ﬁ%?e 5 by

the power - suppl yaridvigeitee a1 MBS dda st St & £ BNOSVGy ot £57 here k@t al t hough
only the p-type power-supply intercept MXs transistors pMOSV are shown, it

al so ' remfi ns perbliesdi bice dat teanmian; s iryd OHROVET i St aphnt L& ety M5
transi stors nMOSV each having a thick
etching techniques forming an insulated "island" 108
on substrate 101. This island 108 measures 0.18
‘micrometers (um) or greater in gate length fabricated.
Island 108 will constitﬁte the gate electrode of a
15 thick-film MOS transistor. Then, boron fluoride is
introduced into the sub¥trate structure, with the gate
electrode being as a mask therefor, to a concentration
of 2 x 10" em™ at acceleration voltage of 20 KeV,
forming spaced-apart p-type layers 109L in impurity
20 region 104 of subétrate 101. These layers 109L may act
| as the source and drain regions of the lightly-doped
drain (LDD) type. This is done because a voltage being
applied to such thick-film MOS transistor is not

potentially low enough to ensure that it remains free

25 from any possible adverse influence of hot carriers




10 gate .insulation filmbetween logic-circuit M3s transistors nMOSL and a
second power supply line. This configuration will be shown in several
circuit diagrans (see Fig. 5 and Figs. 6 though 9) to be ' l|ater presented.
15 A fourth enbodi nent of the present invention will be explained with
reference to Fig. 5 which is drawn to_an inverter circuit of sinplest
configuration. In Fig. 5 the referenéezghéracter "L1" indicates a CMOS
inverter, "TP1" and "MP1" designate p-type MOS 20 transistors, and "TNL"
and "MN1" are n-type MOS transistors. (In this transistor circuit diagram
and | ater presented ones of the present application, the small circle
synbol "O'" will be adhered to the gate term nal section of each p-type MOS
transistor in the 25 illustration.) M3 transistors TP1, TNl correspond to
- 45 those TP, wiNaf iF ¢rurh reespesd | el Jegddde gatie ¢l aténisticess of MOS
transistors TP1, TNl are thinner than those of MOS transistors MP1l, MNL.
Her ei nafter, cerathEneaf.anSpstretsienpledyialg ld tyhi n tgdtse redomsenatabdre fid m
like MOS transistors TP1, TNL will be referred to as the "thin-film M3S
transi stors" or MY f9leftighsfinlst srelaxamitont dreuctirrs alndlekinat e
insulation filmlike MOS transistors MP1, MNL will be called the
"thick-film MOS HedaR SHrcire THradusian ofh §-dvees ImMpUni thhe
transistor _.circuit diagrans. aof this application, the illustration of each

thin-film ROSt SRS ComeL i TP L A T QR ST BIHRE gt R VRISt on
houl d be tak t . fhat. whil t i 018k hin-film .

Cransi stors 15 carioeq Te ererettiadt (RE oo AR o khioh Bvie o

substrate by usgQfyeSard I d N D-ddh A ERPLY GH diPneechni ques, the

thin-filmand thick-filmtransistors according to this invention are free

fromsuch |'im t dHae Hari@ g Je Jidktechds 0 dhe 20nired.
sem conduct or-on-insulator (SQO) fabrication schene; inportantly,

definition of these-Didlectanit tiiks filon &¥anséshed soRf thdi Sppoyenkion is
si nply based on conparison of the gate insulation filmthickness between
them 25 AOt hi clsifdd malds tofandiestgatd/Riléestraderi®@l. These side wall
spacers 110 may be made of silicon nitride of 100 nm
thick. Spacers 110 will act as protectors which
protect the silicon oxide film beneath gate electrode
108 (this oxide film functions as the gate insulation
15 film of gate 108) against unwanted erosion due to
physical and/or chemica® reaction of hydrofluoric acid
solution as employed during a later washing process of
the overall surface of resultant substrate structure.
Then,bboron fluoride is introduced to a concentration
20 of approximately 2 X 10'® cm™ at acceleration voltage
of 20 KeV, thereby forming spaced-apart p-type layers
109 in region 104 of substrate 101, which layers will
act as the source and drain regions with respect to

the gate electrode 108 of the LDD MOS transistor. The

25 doping of a p-type impurity is done by ion



- 46 between a first power supply Vdd and the CMOS inverter L1 whereas a
thick-filmMOS transistor MNL is between a second power supply Vss and CMOS
inverter L1. Were this circuitry is for use in processing signals 5
~(during nornmal operation periods), a control signal CSis at a |ogic Hi gh
or "H' level. Upon receipt of this control signal, thick-film

MOS. transi stors MP1, MNL --.. turn on @Qausing first power supply Vvdd and
second power supply~Vss.to be coupled directly to CMOS 10 inverter L1.
Since this inverter L1 is fornmed of thick-film MOS transistors TP1, TNi1,
-sone’ | eakage current (tunnel current) can flow between the gate and source
as well as between the gate and drain thereof. This | eakage current
attenpts to fIOM/betmeen the 15 first and second power supplies Vdd Vss

via thick film MXS istors MFZ MN1 causin ower di ssi

'norease as a whBTRLARRANEOR| R EERERy PsaBugngaEEec°ﬂ8ﬁ8€§a BaPiRg

t db ds,t o t ent |1 d d 20 at |
DOy, PR 00%is e ER Y o $ile G PRI A K/osr? P e et ore w1 el

turn off forcing CN%ényegaﬁéhéoggt@elﬁgaﬁyt ey 1l sgopaecisg or

"wrapped" fromfirst and secon Wer supplies Vdd) Vss.

gate-to- SOUFCG/9@%&h§9€@6@1ﬁ1&Ea§§Q€ SVEEEPba&5188! Lnig Eeﬁﬂéa ﬁg?M/betmeen
first and second power - 47 supplies Vdd, Vss because thick-fi MOS

transi st or s MP1, mdAHures €10 edﬁdEIﬂdtHD@mBQBbeVﬁay| Bft Bkampléuatiorcqwse of
first and second power supply voltages Vdd, Vss are supplied to CMOS
inverter L1 rendéréng M@S5trmm@bse¢ryeatétéesmgpa& ERffisfyingt ikehi gh

i npedance state when signal CSis at "L" level) while el'im nating an

i ncrease in powe?- B din matenl¢rathiser bterha shewnt hareini ckhéi powsos
transistors MP1, ML disenable flow of any |eakage current. In this 10
enbodi ment the t$HQR‘Y|Y%4RE§Ft?%h%$stFBlﬁeasEP§93 sEnfrem FabetPndubati on

filmwhereas thin 1In1 es are 6.0 gate insulatjan film however
this invention §ﬁ lﬁ%%ﬁ&ﬁ%ﬁﬂéﬁﬁ%ﬁ” Q¥ﬁF§?éw¥&§P%ﬁrﬁﬂ?tQQFestandby

current |ggkage [ec é@tffih {{f%e 1.8 megavolts per square centimeter

(MVem™) or less. In this situation a tunnel current
is very limited in magnitude to be as low as 107%
amperes per square centimeter (Acm™@), which will by no
means affect or disturb execution of normal MOS

15 transistor operations. Any increase in power
dissipation will no longer occur due to gate leakage
curren;. This p-type MOS transistor hardly permits
flow of a tunnel current since its gate insulation
film is thick (10 nm in this embodiment). This p-type

.20 MOS transistor is for use in transferring (during ON
periods) a packet of charge carriers from the power
supply to a main circuit and in interrupting (during
OFF periods) the same. |

Next, after formation of the side wall spacers 110,

25 resultant substrate structure is washed using



15 may be attainable insofar as sone difference presents between themin
gate insulation filmthickness (in other words, whenever the tunnel |eakage
current of thick-filmtransistors renains |less than that of thin film
ones). Additionally, circuitry generally called 20 the "clocked-inverter "
is typically designed to operate in reggonse to the control signal CS being

fed as a clock input, its intended circuit operation will not be disturbed
when transistors MP1l, TPl and transistors MNL1, TNl are interchanged in
connection 25 order as long as these are in a series connection. The - 48

enbodi ment circuitry is distinguishable in nature from prior known
inverters in that the effectiveness is |ost upon nodification of the
connection order of paired transjistors corresponding to thaose MP1, TPl as 5

vel | as al t er at FOMEEE LI IO RFEG issH- Wit - o SFEStyre d6r t¥§Pondi ng to
t hose MN1, TN1 of .t.he enbodi nent. Next, fifth enbodi nent of the esent
oo on i 1] B RS R AR s St o Ve bl Fminl A L

nvent i on _ . £ T .
Conbinatfon of (RACE (L T (5 (TG VOB (PNEDICT 1A 1S 62e TP £ o

TP3 dthin-fil - t i TN1- t d i
TS and U RS S O J 0 S S MR AE, Ui oos
transistors. |IndHag Rdddi$ ldldd Yardid Lﬂ?%}f&%%f%ré%ﬁé\@ dANS{ Sl ors

whi ch are inserted between the first power supply respective power

supply el ect r odes 1%ed 1-0¥c dh Digdty @8 MDA VETd aiSe ik d $0 helagern the 20
second power supply Vss,and power supply el ectrodes Vcsl-Vcs3 thereof.

Causi ng t he contodlysdilgrain Qayaplliled ipatepdie tdd oddn filen IS £ ansi st or s,
to potentially drop down at "L" l'evel may decrease in nagnitude the flow of
gat e- t 0- sour ce/ gardace dfaire28 tant ettuafurtdite fa | thivdS¢sansi st&0 s

TP1- TP3 and TN1 - 49 TN3 reduci ng power dissipation. In the enbodi nent
shown in Fig. 7 hahdely devest 4R revea e kensnt stenaraornst i@ i ng the
three stages of inverters are coupled to "virtual" power 5 supply lines

vedO, Ves@Owi t h 3 G848 I1ASvies Steamsi Rloraf dbrthect ed AgddRdan oy taaleXpower
TRIY e YedQ. NeQ ALy sl S sesend over, supplyc | nee YA s
may be also 10 AL AeNeYa GAIPYE W0 58 NGe6! L1 L conil9urations 2h (Eids- 6
of 25 KeV allowing layer 112 to be of n-type
conductivity with the average impurity concentration
15 of 1 x 102 cm™. Thereafter, a silicon oxide film 113
is formed thereon to a thiékness of 100 nm, by way of
éxample, at step (b).. Film 112 is as a protective film
of gate 108. |
Then, the thermal oxide film 111, polysilicon 112
20 and silicon oxide 113 are subject to patterning by
photolithography and dry etching techniques thus
providing another insulated gate electrode 114 of the
0.18 um gate length. This gate electrode 114
constitutes the gate of a thin-film MOS transistor.

25 Note here that unless otherwise the protective film



and 7 with each other, the Fig. 7 configuration will result in a decrease
in occupation area on a chip substrate in nost cases. It is required that
the gate 15 width of transistors MP1-MP3, M\1l-MN3 be carefully determ ned
to elimnate occurrence of a delay in tinme during operation of each
inverter~due to insertion of transistors MP1-MP3, MN1-MN3. In the case of
Fig. 6, the gate width of transistors PdL,- N11 is determ ned 20 to be

i dentical or equivalent to that of~transistors TP1l, TNl1, by way of exanple.
In the case of Fig. 7, however, the gate width of transistors MP1, M\l may
be determned in view c~f the activation ratio of each inverter. Mire
specifically, the gate width is 25 determ ned by taking into account the
maxi num - 50 activation ratio of logic circuits (three stages of

overters | Foug) SometatiLoctianslaars VEL, Wik, LB e Sl e of

Fig. 7, a single one of ree rnver tinme;

accordingly, 5 thecgabechidbcof obr 3ESEALOLA; VBLesMNI s deaigned oot

appropriate value insuring sufficient currenf supply single

inverter. This weshtareavb! rbBul BeifabeiWhdiBnBolo Ai/AG 8B ngs those of
transi stors MP1-MP3, MN1=MN3 of Fig. 6, réndering the Circuitry of Fig. 7

10 smaller in arearhmbenohhefFbgidé CiBCUI i YehisSkxhBeehodi spat o7t he
invention will be described in connection with Fig. 8. This enbodinent is

simlar to %he fifiehieabdd. mehistshofiner ntie ggaZewfbhnatlienestdp) desrenr cui t
LH1 bei ng added thereto 15 enabling retai nnent_of the potential |evel of an
out put OUT when fheoxbder bk shgnetiucsdpbyenbhalimplgot¢ation detdelagegrt he
inverter inoperative so that it is in the high ippedapce state. Wen
control signal CPEhePgdsCPAcpBEEAtian pom Fhéogﬁcm'o ag 20 KoY, the 20

| ast logic level is intai ned. Waile this enbodi nent enploys two | atch
circuits to makePtpvt éngeQéFYHSIﬁ@PrEﬂl?nQngréﬂﬁeFegéﬁﬂﬁg&ﬁgtPén§tﬁ§y

o Lernaty vely, beuSedel g3gloy asstlerel Loldebl s el Bt by
RN R <R A R e o e S
the éforementioned "hot-carrier influence" problem
encountered with thick-film MOS transistors islnot so
serious avoiding the need of émpioying any electric
field relaxation structure, such as the LDD structure
15 discussed supra.

" Subsequently, further ion implantation is done for
suppression of the short-channel effect although this
step is not depicted in the drawing for elimination of
complexity of illustration only. vAfter formation of an

20 interlayer dielectricAfilm 116 overlying the entire
surface of resultant structuré, a patterned first
metal chip-lead layer 117 is formed on film 116 at a
first level over the surface of substrate 101,

providing electrical interconnection with respective

25 terminal pads of MOS transistors at step (d). When



Thi s enbodi nent is under an assunption that the |evel holder LHl is~not
required to exhibit high-speed 5 operations; thus, thick-film MOS

transi stors are enployed therefor to suppress current | eakage. Tf

hi gh-speed requirenent is applied then |evel holder LHL may be constituted
by thin-filmMOS transistors; in such case; care should be paid to the
circuit 10 design in order to ensure +thH# possible current |eakage therein
is not greater than that in the main inverter section. It shoul d be noted
that it is inpermssible for the |l evel holder to be unconditionally |ocated
15 anywhere in the circuitry; byway of exanple, any intended function
woul d" not be attainable if it were inserted at a "m dway" inverter output
QUT1 or QUT2 of the nmulti-stage CMOS inverter circuitry of Fig. 8. Thus, it

is a nust for |enetebshdgr Ebtohd Bad REEHEEPHa2@eted chebedad @Q?Eg%on
associated wth a specific signal transmssion |line required to hold the

| ogi c | evel evenmapebecadtilelioabglgl f6Smes at skcohevehd thakd 3evatgan
out put node QUT3 in Fig. 8. A seventh enbodi nent of the invention will now

be 25 expl ai ned dyenssubstEage 201WiAerésuFtgnt SMO§otrdfsistob2with

enbodi nent) and Fig. 8 &sixth enbodi nent) there are shown certain

embodi ments enpl $§FAglifi willl heMeBliednshet Othine fidmh MRS tiraneditenyr” the
principles of the invention may al so be applied to other types of 5
circuits with anyefaneei 8hsthasépar gbathébésacemesnwithutedefingadthin-fil m
MOS transi stors. Chngf such gxgnBLes IS shown in Fi%“ 9. Fig. 9 shows an
integrated circuFP*WRRSThRT| nyBiRer 98FeFrigsusatéprng Iiep REBA2EY F2RAND

O e bre 19 1 APt Sl Nen d P01 Gl ' O QU B0 A L DI S0 10
' upon application of low power supply voltage of 1.8

volts, an electric field created within its gate

10 | insulation film will be 5 Mvem™2 or'greater while
simultaneously causing it to measure 1 X 107% Acm™? in
magnitude of gate leakage current. As can be readily
seen by those skilled in the ért, this thin—fiim MOS
transistor waé manufactured satisfying the currently

15 available submicron-scaling rules in the semiconductor
microfabrication teéhn61ogy; in this regard, this MOS
transistor remains adaptable for use with the on-chip
main circuitry. Additionally, it is desirable that the
thick-film MOS transistors be greater than thin-film

20 MOS transistors in gate length—-i;e. a minimal gate
length of those transistors on substrate 101. The
‘threshold value of thick-film MOS transistors is
required to be greater than that of thin-film ones; on
the contrary, it has been well known that if the gate

25 oxide film thickness alone is simply increased then



prevent an increase in power dissipation in a manner simlar to that of

Fig. 5. In the enbodinents shown in Fig. 5 to 9, the control circuit
coupled to the control signal CS 15 enploys thick-film MOS transi stors
havi ng thick-filmoxide filns; however, the present invention should not
exclusively be limted thereto and may q]so enpl oy ot her devi ces capabl e of
controlling an anobunt of gate-to- source/ ["gate-to-drai n | eakage current of
thin 20 filmMOS transistors in response to control signal CS. Use of MOS
transistors greater in gate-electrode depletion ratio than those of the
main circuit is one exanple. Using MOS transistors with a specific thinfilm
gate insulation filmof decreased gate |eakage is 25 anot her exanple. -
53 Further, as per the enbodinents shown in Figs. 5-9, .the description is
not specificall yre$ubtant tbheshohdé vabserwaidletlecreredesacto@Enyilgnsi stors
are to be arranged; this is based on the fact that this 5 invention is
conpl et ed regardT%%slQWEMh%bﬁe?hgaéhoéénﬁeéUﬁon§hareaééﬁrlghﬁeMOBn
practical use. For i nstance, it_may be arranged so that the substrate

el ectrodes of ' p- §?E§%Eﬁ9¥$aﬁ§i§tBPscamgléée YelBurp PRE; fPPsFUEBvuer suppl y
Vdd wher eas those. of istors are to he Seco

suppl y Vss. Alte7h59?9%$§ |ﬁufﬁ§n5nﬂbg ﬁEﬁFtS?pﬁlﬁo OVhénsﬁgéPrgwim
electrode t he transistor TP1 led, to.the vol tage
Vcdl wher eas thaEégﬁg%% ”%N%?%??g ?ggo?cfﬂﬂp?ag 9§ @ HtFﬁgggcase ang
15 di I h t

el eg':rloggr %e?:]gs‘%:%%g%; %ﬁétg%\/\éy%ﬁ%gr?/ﬁ%%}t I‘use'}c:i\r?vm tjﬁg‘%‘%‘?ﬁ% theed of
any extra modi fi6a) 1985y dieedeny CendkehainkNERET BbEUCELEBULLAdRYI ce as 20

manuf actured by the fabrication schenmes descri In conjunction with Figs:

1 and 2 is adaptébs€an®s- usemelyh BRYeANEr§inglinkhgatkr ¢BhtaONf gL at i ons
of Figs. 5 through 9. Further, the enbodinents of Figs. 5-9 "' wll offer

nmor e successful meshdd swell thaeyckhapl ohie2B0si teansiytophdestighy skhasei n
operation frequency. The - 54 term"frequency" as used herein refers to
the ratio ©f which has been generally called the "scaling rule."

More specifically, employing those MOS transistors

without the scaling treatment will be sufficient;

howeﬁer, this does not come without certain "pain" in

that resultant chip surface area increases.

15 Another approach is available to increase the
impurity concentration-ef the channel section of
thick-£film MOS transistors. One advantage of this
approach is that on-chip MOS transistors are capable
of decreasing in occupation area on the substrate due

20 to the capability of shortening the gate length as
compared with other approaches; a disadvantage is that
the MOS transistor withstand voltage rating and
reliability are reduced due to an increase of the

internal electric field within each MOS transistor

25 beyond an expected level as defined by the scaling




operative or "active" periods to inoperative or "inactive" periods

t hr oughout operations thereof. One exanple is a word-decoder/driver circuit
of menory 5 circuitry. Typically, single-port nmenory circuitry cones with
mul ti pl e word-decoder/driver circuits corresponding in nunber to word
lines) only one of which is rendered active at a tinme while rendering

i nactive the'remaining, increased nunbet2of word 10 decoder/driver
circuits, which in turn results in an increase in power dissipation due to
constant current flow if gate | eakage is available. Even if this is the
case, use of the aforesaid enbodi mrent may enabl e power dissipation to

. decrease in such multiple inactive 15 word-decoder/driver circuits. Figs.
12 to 19 show ot her exanples of the thick film MOS transistor insertion

met hod for reducifigegurrent | eakage during standby periods in circuitry
including therein thin-film MOS transistors TP1-TP4 20 and TN1-TN4. Figs.
12 and 13 are exanpl gsgi.nsoha CasR WIRTEE Akt iHHIterdN GPith W Ao QW0 T €
identical in logic level to each other during standby "periods.” As shown in
Fig. 12, if it isrkneistbbat oddyl.N=ChAs" Hssdresnghatandbyepei-badsstben one
switch MN1 - 55 nmay be inserted at a node on the Vss side only, with no
switch used on theeVidbsidateds oshtwhre isare gubEYratfe ialdrgy twith tthatse

| N=OUT="L" during standby then one switch MPl may be inserted 5 only at a
node on theSvdd §raesiptAraoddwicustseds adeoriousd Wis sicgmedidrag wild | evel
hold circuit LH1_is proyided for holding the potential |evel of an output
during standby. Efgs.l1a8-37vg¥easxaipiledorathdorsde bfe¥e the 10 i nput IN
and output OUT are dk%fer%nt in lagic |leyel fromeach other during standby
peri ods. As shown i n®Bi §-t¥Pe GHdEE AN EIFEiFHEr 35 RIRFEBRWEIED from

S e o U "EnSLROABNPEELICR 1 B BBl R Ao o' O

thermal oxide f£ilm of 300 nm thick being formed

10 thereon, and n-type impurity-doped layers 5103, 5104
as formed in the surface thereof. These layers 5103,
5104 are doped with an impurity to an average
concentration of approximately 1 X 107 cm™, and are
inherently necessary for element isolation with

15 respect to "associate" p-type MOS transistors on the
same chip substrate (including both thin-film and =~
thick-ﬁilm ones). The impurity introduction may be
performed using any one of currently available
techniques.

20 After ion implantation is done causing respective
MOS transistors to exhibit desired threshold values, a
silicon anodization (thermal oxide) film 5105 is
formed on resultant substrate structure to a
predetermined thickness of 10 nm, for example. Then, a

25 polysilicon layer 5106 is deposited thereon to a




15 elimnate occurrence of | eakage between IN and OUT. If IN="H' and
QUT="L" then insert it at Vss and QUT, ox at Vdd and IN. In Fig. 14 a
switch MNL is at Vss while switches MP4, M4 are at QUT. In Fig. 15 the
switches are inserted not at Vss 20 and OUT but at Vdd and IN (as shown by
MP1, MP5, MN\5). In cases where a swtches) is/are inserted at an out put
node OUT required to offer increasedd gmd driving ability or "drivability,"
the exanple of Fig. 15 will be nore preferable in practical use because of
25 the necessity of constituting such switches) by use - 56 of a MOS
transistors) of increased gate width, which is generally considered
undesirable. As shown in Fig. 16, where IN and OUT differ in |ogic |evel
from each other during standby periods, a 5 switches) is/are inserted at IN

t QUT in ordgy. ept t Leak her ebet ween. _4Jhere | N="L"

and UT="H, " i nsert EPERETER 1Al BR"\ G AR YRR SR ChA 1 B 1 n

Fig. ~17, switch ' t _vd - t d IN

Shoun by ML, e RRey TR aefiaarry? i teladnteror wepdsef siEErthe more

preferabl e becaué@ﬁéinéStﬁénﬁé%hysUQ@@?EbgbF%nggaitgﬁﬁgbfxs%t phes at the
oa |

out put node OUT required to offer increaseée rivabrlity. . 15 Fig. 18

is an exanpl e ada@jadteavbere kheo?%oght? | &y edbsfe NPOESIA N SMN & 51 ke
unknown during standby periods while IN=QUT is true; in this case, swtches

MP1, M1 ar® inskaved 5108ddvantlying cheprali veie BooSW tTheSHaken' equired
~at INand QUT. 20 Fig. 19 shows a further exanple adaptable for use in
recei ving a plurabnsymay bepdopsdighml sofl MhplahPhatibur tagast andby, | N1="H"
and IN2=QUT="L";" hence, a switch MP1 is at Vdd wher eas sw tches MP5, M5
are at IN1. 25 ASCRPPRFERHELPR oAt RAeXeknpleas® oit Riepelaratlinn tywltage 57

i nsertion .Iocatign ﬁf thick-filmMXS transjstors for reduction of gate

| eakage current 75 thafgbanrtterpagively, the same may be attained by

use of previously boronjdoped polysilicon.

10 Subsequently, a silicon oxide film 5107 is formed as a
gate electrode protection film on the entire top
surface of the structure to a thickness of 50 nm at
step (a).

The thermal oxide film 5105, polysilicon layer

15 5106 and gate electrode protection layer 5107 are
paEterned by photolithé&raphy and dry-etching
techniques forming on substrate 5101 a patterned gate
electrode "island" 5108, which has its fabrication
gate length of 0.18 um'in view of the short-channel

20 effect. This island 5108 will constitute the gate
electrode of a thick-film MOS transistor. With this
gate electrode as a mask, arsenic is introduced to a
concentration of 2 X 10* ecm™? at 35 KeV to thereby
_provide spaced-apart n-type impurity-doped layers

25 5109L in one n-type layer 5104 of substrate 5101.



practical circuits enployed. Consequently, it is not necessary to limt~to
exactly the sane insertion 5 nethod throughout the entire circuitry;

such, switches are insertable at appropriate |ocations in a case-by case
manner anong various function circuit blocks. Figs. 20 and 21 show ot her
exanples of the level hold circuit.LH . 10 Crcuitry of Fig. 20 enploys a
series conbination of two inverter stadgds,-wherein transistors of the
latter stage are sufficiently less in drivability than those of a logic
gate as coupled to an input IN, and yet are significantly greater in tunnel
| eakage 15 current than the same. - Fig. 21 shows an exanple with the

| atter stage of , Fig. 20 being nodified to use a clocked inverter. This
may inprove the design flexibility as to the transistor current

drivability. 20 Jrhegeoylayeég 5209¢ BBAL alsn thize sdhve Q%acalratm%e@fmme
enbodi nments, -no particular imtations are given with regard to the

transistor threshel dnuat.pe: thpBeVgEn irespeldt B gecemERRdabbad kalng.he
thin-filmMOS transistors are of | ow threshold val ue whereas the 25

thi ck-fil mones @he_begben Fort hheéshdkdagahae bean discussedBinf or ner. Wien
| ow t hr eshol d-val ue transistors are enpl oyed, what is called the

"subt hreshol d" | eakayectiuprnewtitbafifl.ow.beIneendubbisnuefenahypdr ai n; even
if this is the case, such source-to-drain subt hreshol d 5 | eakage current
may be inte?rupt BPBFLENt herpipymayebe done by ion implantation

techniques with the average concentration being set at
5 X 10® cm™ although such value remain freely
adjustable in conformity with exact MOS transistor
characteristics required.

10 fhen, dielectric spacer layers 5110 are formed on
the opposite side walls of the gate electrode 5108.
These side-wall spacers 5110 may be made~of silicon
nitride of 100-nm thick. Each side-wall spacer 5110
will funétion as a protective film that protects the

15 silicon oxide film beneath the gate electrode 108--
namely, a silicon oxide film underlying gate 108 and
serving as the gate insulation film of gate 5108--
against any possible erosion due to physical and/or
chemicallfeaction of washing solvent employed, such as

20 hydrofluoric acid, during washing of the entire
surface of resultant structure. The structure is doped
with phosphorus impurity to a concentration of 2 x 10%°
cm? at 40 KeV forming a pair of n-type regions 5109 in
layer 5104 in such a manner that each is in contact

25 with a corresponding one of region 5109L. These act as



of high threshold value thick-filmMOS transistors as inserted between the
power supplies. Several enbodinents as wll be shown in Fig. 22 and i:ts
following figures of the drawing are drawn to the 10 circuit configuration
basically enpl oying therein a conbination of thick-filmMOS transistors of
hi gh threshol d val ue--such as 0.5 volts, which may render subthreshol d
current | eakage negligi bl e--and thin-fi3gn-MOS transi stors of |ow threshold
val ue such as 0.1 15 volt, or nore or less, by way of exanple. It should
al so be noted that in the above description of the enbodi nents, although no
specific discussions are given in regard to the relation of voltages as
input to the gate nodes of thin-film MOS 20 transistors versus i nput
"voltages at the gates of thick-filmMOS transistors, it will be nore

effective to desigp § E %ﬁedk Hthghtgggﬁe%k t%h a%@'%&ect gﬁ%cs

transi stor gates are e |nput tages at® the thi

transi stor gate551a?e tﬁﬁ é'fﬁé@;ﬂ raoﬁéebyn$gﬁased in gate

i nsul ation - |In1t ckiess pe |cat|on o] hi gher

vol tages theret OllﬁéléﬁﬁfQ@ESH ¥ebAnt BlBsf tb%%/@@abrea@%h%rewt%aM%e%x gurrent
drivability of thick-filmMOS transistors may increase accordingly. In the

5 enmbodi ments ofxFig¥. cmthrough 21, this can be attained by |ncreaS|ng ~t he
anplitude of signals CS and /CS. In such case the thick-film MOS

transi storssare to b&ngredseembnddakat! ehgt yatemnihd dthion ffiillm MES
transistors. This serves to increase the threshold 10 value of thick-film
MOS transi st ors washétanmuMPanbvaskystnliahaiviggdéviec gatsl iedigicitinogeot

hi ghvol t age operable thick-film MOS transistors. |In some enbodi nents of

Fig. 22 and its 3LPBeRBRAYTEFglP esbyf weke ofr gweRE L ethere will be shown
circuit 15 configurations ga5|call arranged to 3%. y a ‘V%? vol tage of 3.3

volts to thick-film fMBESEr REFSESPE @%&Mﬁ agd bof S
exerl ary sens coRUEETOF 208! RRELPaPeR Ll PouRt HeTEes l@fﬁ%ﬁe% s
principleslgf hydrofluorlc acid. A thermal oxide film 5111 is formed
to a thickness of 3.5 nm on selected area of the
exposed surface of the silicon substrate 5101
excluding certain areas of formation of the element
separation dielectric region 5102 and gate electrode
15 5108. Next, a polysilicon 5112 of 180-nm thick is
enEirely deposited theféon. The resulting structure is

-2

doped with boron ions to 5 X 10 cm™? at acceleration

voltage of 40 KeV, thereby providing an n-type

-3 in average impurity

polysilicon of 1 x 10%° em
20 concentration. A siliéon oxide 5113 is then formed
directly overlying n—type polysilicon 5112 at step (b).
The thermal oxide film 5111, polysilicon 5112 and
'silicon oxide 5113 are then patterned using

v-photolithography and dry-etching techniques, defining

25 another island 5114 of 0.18-um gate length. Island



the present invention will be described hereafter. See Fig. 22, which is a
bl ock di agram of a sem conductor integrated circuit device enbodying the
invention. In the following figures of the drawing, 25 different kinds of

| tnes are used for clarity - 60 purposes: Solid lines are used to
indicate circuit blocks nmostly including thin-filmMOS transistors in |ight
of the area ratio; broken or dotted kipges-are to circuit blocks mainly
enploying thick-filmMOS 5 transistors; and, solid-and-dotted |ine pairs
are to circuit blocks each using both thin-filmand thick filmtransistors
therein. A main circuit 2201 including a CPU core receives input signals
and issues output signals via an 10 input/output (1/0) circuit 2202. The
main circuit 2201 al so accesses a nenory cell' array 2205 (DRAM for.

exanpl ¢) via a ey y: é:?ﬁ &4 oheral gl LeuiL 23010k oa ey (o end

transmt S|gnals crrcul suppl y contr ol
circuit) 2206 is I sel UM ed 3, R0
supply vol tages) to XS (?nm %E%gé)?%%%l s é)%s W t |ln€arﬁe§pecl?‘|{cve rm\(ljie% es

menti oned abOVené&H”dEBé&'b'”i@ﬁ” PhAPAE SoRf wEERT §RNTMELLL iy Nb LT at ed
circuit devices are different in anﬁ?ltude fromthose outside 20 them To

conpensate for sudersigned 2nplidadend fdersoxess prdweiing anvardyesr circuit
to be later described is provided for conversion of potential |evel

t her ebet ween. | rbIHIY. sEcdedcapEnory-cepé Aeghyn2285 the25cupnéi gmded usi ng
‘sel ected kind of MOS transistors ,
drain of the thin-film MOS transistor at step (c).
Subsequently, furthér ion implantation is carried

out for suppression of the short-channel effect
although such step is not shown in the drawing for

10 . purposes of illustration only. After an interlayer
dielectric film 5116 is formed on the entire surface
of resultant structure, a first patterned metal chip-
‘lead layer 5117 is formed thereon.for electrical
interconnection with respective transistor terminal

15 pads at step (d). If necessary second and third chip-
lead layers may be formed insulatively overlying chip-
lead metal pattern 5117.

A second embodiment is shown in Fig. 2, which is

directed to one exemplary manufacturing method of an

20 IC chip having on the same subétrate different kinds
of MOS transistors: tunnel-current available MOS
transistors permitting flow of a tunnel current
therein resulting from a change of impurity
concentration at gate and source portions, and tunnel-

25 " current absent MOS transistors permitting no



- 61 negligible in amount of tunnel |eakage current (thick film MOS
transistors). The gate insulation filmof such transistors nay be an oxide
filmwhich is as thick as 5 to 10 nm by way of exanple. 5 The nmain circuit
2201, 1/Ocircuit 2202, menory direct peripheral circuit 2204 and standby
controll er 2206 enploy as their main elenments thin-film MOS transistors.
Particularly, the main circuit contarnPdg-therein. logic elenents is
increased in ratio of thin 10 film MOS transistors used. As has been fully
di scussed in connection with Figs. 5-21, the thin-filmMOXS transistors in
these circuits are arranged such that they are capable of interrupting or
"intercept" the power supply by 15 switches in order to reduce current

| eakage during standby periods. Thick-film MOS transi stors are used far

such power - supplguddiaitciaps swmhiehesuetsenapl owochépwin! |makage current

t hrough these switches per se. These power supply switch MOS transistors
turn on and 20 dérbcEineait viehy dicles-sodt tahs obf thetgpanddg control | er
2206. This sem conductor integrated circuit device is arranged to enpl oy
thick-film MOXS ttrarssisttorss adboné oareerlhisttatedi ShoFsg( slichnashe hose in
/O circuit) 25 whi-eh directly receive an input of relatively large - 62
- ' signal anplisanR MaoIRY hes ekliat | br Uie tpreTBehi prbedheent hahid he
thick-filmMOS transistors for use with the power_ supply switches. This is

because of X he fHct PRaf YGRS shstaRdin g Vol I RFMarad ffsi stor s

which an element isolation dielectric region 202, an
n—type impurity layer 203 and an n-type impurity layér
204 are formed as shown. Here, the n-type layer 203 is
devoted to provision of a well region of transistors

10 for use in constituting a main circuit whereas n-type
layer 204 is for a well of power-supply intercept MOS
transistors which selectively permit power feed to the
main circuit during first periods and to interrupt it
during second periods. Layers 203, 204 are 1 X 10?7

15 cn? or more or less in average impurity concentration.
Impurity doping into l&ayers 203, 204 may be attained
by any presently available techniques. After certain
impurity is doped by ion implantation into selected
surface regions of transistor formation for adjustment

20 of threshold values thereof, a thermal oxide film 205
is formed on the entire exposed top surface of
substrate 210 to a thickness of 3.5 nm. Then, a
polysilicon layer 206 of 180 nm thick is entirely
deposited thereon at step (a) .

25 A dose of phosphorus ions 207a is introduced into



5 are required for the I1/Ocircuit to which significant anplitude of
signals are input, and that thick-filmMOS transistors are typically
greater in gate voltage breakdown |evel. The thick-filmMOS transistors for
gate | eakage~reduction in the thin-filmMOS 10 transi stors as di scussed
previously with reference to Figs. 5-21 may be enpl oyed as~t he hi gh voltage
MOS transistors for use with the |/0-cBBcuit. It is possible to reduce
process conpl exivy by using the thick-film MOS transistors for the bot h~MOS
15 transistors. The nenory cell array 2205 includes rows and col ums of
menory cells as required to continue storing data during standby peri ods,
which are fornmed of thick-filmMOS transistors negligible in tunnel 20

| eakage current. Enploying thick-film MOS transistors for these nenory

celI's mght causS&Ahe PRANGE P p@&'ﬁfaeedgfésesssswn&aetet Bgtmbhangn this

enables resultant circuit to be free fromthe power dissipation increase

probl em due to gaf estdHdLM ¢LMS0Er oPBKEREIbL t 2RgPASSHANL eclecGoBt | nuously
transfer power supply - 63 voltages to.the nenory cells even during

standby. Conver ssbperatiivrs fiton MEohcansiatbos af e2usetoforemcerdtai n nenory
cells that are not required to retain information therein during standby
periods. During &ty on nvol vage oof s2brkeVi proediggcehl s-ybe

di sappear, - however, it is possible by interrupting transfer of the power
suppl y voIﬁhgeIﬂPlYﬁﬁlﬁﬁRﬂyﬁQb abovendegenn2fhcebasebrhrpbref 0di ssi pati on
due to gate | eakage. Al so, in cases where the nenory is less in 10 data
storage capacity so %h%?wé%ﬁtlﬁu@9§ep9ﬁePhPéEH°Fé§uPP§S|ﬁo§ané§edﬁ§§ﬁ|g|ble

i ncrease in gate;|eak ower dissipation, the nenory cel imlarly
be formed of th.lrf“‘r?@ﬁ)&%%%n%vlg%fgteFavréiaﬁpﬁsea earghaﬁl¥ﬁi¥s are

i nherently small_in cidy 15 r nderipg resultant.le e rent
negllglble||1tru§?ﬁé?¥ncxé %%5 l?%tﬁg powﬁﬁsgug?%yngrggfﬁ%gﬁtant in

operation speed. & d{ ADLYs éyﬁbbfng Ynbem frg?gcﬁittgggrghhghgcsto a

transistors. In e sem conduct or |ntégrate circurt device of this

enbodi menty,q i t Iéox?@erpéfé@i&bl Srthak £6¥t ahf? RISy KV CbERing UGh S
| atches, flipflops, and the like enploy thin-film MOS transistors. On the

ot her hand h|gh;ygétﬁﬁmyéimﬁégﬁegoglgguggépmmbyh are driven with high
vol t ages and are

Due to a difference between process parameter
settings at the phosphorus ion introduction steps,
resultant gate electrode of a bower—supply intercept

15 transistor is "variable" in impurity concentration
depending upon locations in such a manner that the =
impurity concentration increases (up to approx. 1 X
10%° em™@) only at its upper sections while causing its
lower section near the underlying gate insulation film

20 to locally decrease 'in impurity concentration (approx.
1 x 10 em™@). Accordingly, the gate-electrode lower
section decreases in carrier density allowing the
transistor to resemble in electrical characteristic
those MOS transistors with a thick gate insulation

25 film. This may in turn minimize flow of a tunnel



not required to attain rapid responsibility, such as 25 the power supply
control switches stated supra, for - 64 exanple, are preferably forned
of thick-filmMOS transistors. In the exanple of Fig. 22, the ICchip is
driven using at .least two kinds of power supply voltages Vccl, 5 Vccz,
where Vcc2 is higher than Vccl. The thick-film MOS transistors are_to be
driven by power supply voltage Vcc2 eof 39nereased current supplying ability
whereas the thin-filmMOS transistors are by Vccl. It can be readily seen
by those skilled in the 10 sem conductor art that while the foll ow ng
enbodi nents assunes use of Vecl of 1.5 volts and Vcc2 of 3.3 volts, such
potential values may freely be nodified insofar as they satisfy the
relation of Vcc2 > Vccl. Wth the sem conductor integrated circuit device

15 of Fig. 22, MhohSpearkOPsalifei snypacigh! £y ghnce thin-film M5
f~the I

transistors are used for nost o maj or units therein. °~ A sem conductor

integrated circuit deFtee ahsPagBRed¥hNErt BRoEPMBRLEONOhE 200wn ROskl 9. 23.
This 20 device is basically formed of a main circuit 2301 including |ogic

circuits and thealsdieicdd @€ideuf1123989 andisd amtbyhtont sl deposiit&d2303.
In this exanple the voltage Vcc2 of 3.3 volts as externally supplied
thereto i s passesh tthe ggoiiorg | sthr fedaecodf ones@btant csulbs 288d4e shrobteaases
vol tage Vcc2 to drop down - 65 at 1.5 volts to provide internal power
supply vol tlage Then, the thermal oxide film 205, n-type polysilicon
208 and silicon oxide film 209 are subjeCt to
patterning process by photolithography and dry-etching
techniques forming gate electrode islands 210, 211 at
step (c). Gate electrode 210 is 0.18 pm in gate length.
10 Since gate electrode 211 is seen to have a thick gate
insulation film, its gate length is set at 0.18 um or
greater in view of the short-channel effect. After
formation of gates 210, 211, a pair of spaced-apart p-
type regions 212 are formed in layer 203 in such a way
15 that these are essentially self-aligned with the
overlying gate 210 thus providing the source and drain
regions of a MOS transistor. Similarly, spaced-apart
p-type regions 213 are formed, as the transistor
source and drain, in the neighboring layer 204 to be
20 self-aligned with its overlying gate 211 associated
therewith at step (¢). Ion implantation may be
employed for introducing ofvp—type impurity such that
boron fluoride is introduced to 2 X 10 cm™® at 20 KeV.

In this embodiment also, extra ion implantation for

25 suppression of the short-channel effect is not



Vccl . Potential reduction circuit 2304 nmay be on the sanme chip substrate
together with the main circuit and others; or.alternatively, it may be
formed on a 5 separate chip. Main circuit 2301 is nostly constituted from
thin-filmMOS transistors to speed up its operation. Potential reduction
circuit 2304 mainly consists of thick-filmMOS transistors. 1/0.2302 and
st andby controller 2303 include a comdhation or 10 "hybrid" of thin-film
and thick-filmMOS transistors therein. In these circuits the-thin-film MOS
transistors are driven with Vccl whereas thick-filmones are with Vcc2.

St andby controller 2303 operates to turn off an output of potenti al
reduction circuit 15 2304 during standby periods in order to reduce power
di ssipation due to current |eakage. Controller 2303 al so causes an out put

from1/0 2302 t@pard fiREI1VCishown! i23Qhd Q:GHARGE Rr ‘depila@vi@in | n~hen an
input to main circuit 23017is at "L" while the power supply 20 voltage fed

thereto is at zeobapiekity kheednRSlom@fspidddichlimi nacreeuifbrad@ioar e at
"L" reducing power dissipation due to tunnel-current |eakage. As can be
readi |y seen by ofhase iskieldlegeirn diled ety i amfarlen (216t t ld rEifrd 3l ‘
transistors are low in threshold value, 25 resultant power dissipation due
to fl ow of - ehipsllekr peltdledn @dlbadess dignmewt thiddedye fasdgdlerbtrical
accordingly. A further enbodinent is shown in Fig. 24, wherein |ike

ref erence Buner dnsexconpectipe wddihgrasPddide s tFanss S4HP% Hedmibdh ment  of
Fig. 23. In this enbodi nent two ki nds-of power. suppl.ies Vcgl, Vcc2 are
external ly fed 8% he FE RAFBSSYEY) F§C§&§pPP§dtpérﬁaFHlPFﬁéﬁﬁt 2301 and

others via a switch 2404 as forned of .a thick-filmP transi stor. During
standby peri ods PG SPEn g8y E’(?nﬁd%qgerlnfég?t(fa s Sl %dﬁeﬁ%fturn off ~
ke VB0 So st SUBLY, ek, ke e THARLERRL Ok Biosady L he
Swi t ch embédiment shown in Fig. 2, resultant IC structure may
10 not offer the capability of completely eliminating the
flow of tunnel current through oxide films; in this
respect, it might be admitted that this embodiment
remains less than the previous embodiment of Fig. 1 in
reduction of power dissipation. Instead, a‘significant
15 advantage unique to the Fig. 2 embodiment. lies in the
capability of reducing Process complexity and
manufacturing costs. This can be said because the
tunnel-current flow differing between standard MOS
transistors and power supply intercept MOS transistors
20 is attained by merely adding ion doping or
implantation process steps to the ordinary fabrication
system procedure, Regarding after-manufacture
reliability test procedure, the Fig. 1 embodiment is
more advantageous than the Fig. 2 embodiment in that

25 during test routines the former requires mere



2404 may be on the sane chip along with main circuits 15 2301 and ot hers,

or alternatively may be a discrete power MOS transistor externally wred
to, the chip., Here, switch 2404 is a thick-filmMOS transistor. In a
simlar way to that of the Fig. 23 enbodi nent, when an input to main
circuit 2301 potentially changes at "L" 20 while the power supply fed
thereto is at 0 volts, internal najor dddes of main circuit 2301 are at "L"
reduci ng power dissipation due to tunnel current |eakage. A sem conduct or
integrated circuit device 25 enbodying the invention is .shown in Fig. 25,

which is - 67 ' simlar to that of Fig. 23 wth a specific circuit being
built therein for conpensating for any possible variation in operation .
speed of the main circuit. In this drawing also, |ike parts have the sane

ref erence. 5 MUMELALSurdda L6 5 eAELIBNERENGARR! Bngli aUl bn2801ncOMES Wi Lh, 2

delay monitor circult monftor circuit MONL is for nonitoring in

principle a del aynitkBesd ‘bpgf@aglerael i 8cwethsRolBENreLhs vt 228041
Accordi ngly, ~delay nonitor circuit MONL is formed 10 using thin-film MOS

transi stors whi céperetibigs seferasulbase atviees fahafiattdp@d. Del ay nonitor
circuit MONL may be a ring oscillator, by way of exanple. A potenti al
reduction circuit 2584thsr{drembdddmeat weddi wiowg beokieage i¥ec? widh ssue a
potentially 15 decreased voltage Vccl, and is responsive to receipt of a

si gnal frorh del ayefenenoe torkuds. MONAn@n 4rei Rigs r chi an@dshiare odiagrams
controtling the value of voltage Vccl in such a way as to conpensate for
devi ations of de?%?ht$h%wb$gl%@?CPEPFEHFF§ ﬁﬁpéﬁgééﬁ§%PPuP§ fain 20 circuit
2501 due to environpent vari ations sugch as a,var.i ation

par anet er durlngs?ﬂécﬂﬁ %?Eﬁfu+%t89rﬁﬁﬁﬁ ELreyit @FgﬁgﬁsFEgg Xﬁ&ﬁbihf
aMnantmmaauwe be. at

hasel.qack I
(PLL) schenes on&™ Bk ?%hnag?Febﬁ #é?er 2%sdésg§§8§& B g%&%&c?%@noafth

Fig. 28. By way Qﬂls embodiment whereas Fig. 4 is a cross-sectional
10 view of the layout taken along line A-A' of Fig. 3.
Tﬁe iC device is an example having a series
combination of two NAND gate circuits.
In Fig. 3, MOS transistors MP and MN are those for'
power supply intercept (for use with a control
15 circuit), and measure 10 nm in gate insulation film
thickness although these remain operable with 5-nm
gate insulation film thickness. MOS transistors TP and
PN are for use with a logic circuit (main circuit),
and are 3.5 nm in gate insulation film thickness. In
20 this way, this embodiment employs two kinds of MOS
| ‘transistors with different gate insulation film
thickness values. Here, the gate léngth LM of gate
insulation film thickness-increased MOS transistors is
. greater than that of gate insulation film thickness-

25 decreased MOS transistors. This is based on the fact



- 68 exanple, suppose that the tenperature rises increasing the delay tine
of logic circuits constituting main circuit 2501. If this is the case,
-potential reduction circuit 2504 attenpts to potentially increase its 5

out put voltage Vccl. Conversely, if tenperature drops decreasing the del ay
time of,the logic circuits of main circuit 2501, then potential reduction
circuit 2504 forces output Vccl to decggase in potential. Wiereby, the
logic circuits formng main circuit 2501 10 nay be kept constant in del ay
time throughout operation. A sem conductor integrated circuit device
further enbodying the invention is shown in-Fig. 26. Wile in Fig. 25 the
nmonitor circuit MONL is provided to 1.5 nonitor delay tine of the |ogic
circuits constituting the main circuit, this enbodinent is arranged so that
t he characteristi.c f. MOS transist.ors ar -l ogic_ circuj amhi stitute’
the main circui tthaafte%rlﬁaeaélueree lc?ura}rrfgs?rhe ? €19 ab??i??%%égﬁﬂp}lr%zbe%tﬁ?e in the
20 manuf acture gf chy i l.qw S i i rmation to
be stored in a (r?rLeeA ril {Jyﬁﬁ%%é‘s%%po%e e%%ti%%.@i}%gﬁrﬁl%i%%al i ssued
fromthis "devi ged e RITUW ; 4 POLED bk e IRENAIH Ol 11681 42604
~operates to determne an éexact val ue of 25 voltage Vccl. By way of exanpl e,
i magi ne that thehen fifth didIESHSIOrSi GRANGS | thidDg e SubthirésESNd under
manuf acture are greater in threshold value than expected by circuit design.
If this issthe daskadd e suur detweenetivs ys@bibde sandsdtaiause
potential 5 reduction circuit 2604 to generate and issue a nodified or
"updat ed" val ue difsergidldge \@adpldtie htusn goratEf ¢hearatiensnitial ly
designed value. Alternatively, where the chip reliability test result :
reveal s the fact thdfhe hingerrzhoseryatuseopit hbe1oeniapd#¥ebPE form ng the
main circuit, store corresponding data,in nenory 2605 gausing Pf{ential
reduction circuinRHRALRS FEhetdtle ST FRseb Bt neppodiment “w be

expiained with reference to Fig. 4. While this

10 . embodiment basically employs thin-film MOS transistors
to attain high-speed operations, it is further
provided with certain switches for intercepting power
supply during standby periods of such thin-film MOS
transistors in order to minimize power dissipation

15 during standby. And, the switches include thick-film
MOS transistors inhereﬁ%ly less in flow of tunnel
leakage current.

An n-type substrate 301 has therein a p-type well

302 and also has an element-separation region 303 on

20 substrate 301. Spaced-apart regions 304 to 307 are the
sources and drains of logic-circuit MOS transistors TP
whereas regions 308 and 309 are the source and drain
of a power-supply intercept MOS transistor MP. MOS
trans%storS’TP have insulated gate electrodes 310,

25 311; MOS transistor MP has its gate electrode 312.



updat ed val ue of voltage Vccl which is below the initial design value. Wth
such a schene enployed, it 15 is possible to conpensate for fabrication
deviations. Additionally, the device information to be stored in nenory
2605 may be transistor threshold value, transistor saturation current

val ue, or any other equival ent paraneters thereof which reflect the delay
20 tinme of the logic circuits constituygng the main circuit. Also, as for
the storage nethod thereof, any schenme may be enpl oyed. One recommendabl e
sinple storage schene is as follows: a nmethod of changing the value of a
reference voltage Vref of a potential 25 reduction circuit shown in Fig. 27
by physi cal nethods - 70 wusing the FIB processing for cutting away a
fuse (alumnumwring | ead) by an ion beam Wile the nethod of Fig. 25 may

te f I t al jati h t i
he. manuf act ur e RYEREFICE] FEaFeCt Phndy b or G> AHBPBRE FORpaistures and |
others, "the nethod of (Fig, g6iMnycoller canaBiLLLY 86 CQEReRSELNO for the

n

Pt
process paranete | g€ nanttacture of marncrrcuit fransistors only,v

Instead, the |atigs;igc8R"endP aevephageers then the former in that any
d 1zed W

area over heads can be suppressed or mnimzed with sinple architecture

used. Qther approachgssot-Ber ihhaprithesedgklkctsic2Fiand 326 weerheisyi | |
avai | abl e for conpensating for 15 environnental variations such as the
process par@net eeBei atbe BBROUBALt UhesQbsBBaRecBOAUhB st barsisper as anbi ent
tenperatures and others, which approaches are also wthin the scope of the
present inventi osonf@ctnkokgsnphaoyughi which tbef sguraeisoandf draangoeénti al
reduction circuit (voltage limter) 2304 of Fig. 23 for conversion of high "
vol tage Vcc2 to wehlvabt ggbeVeteéctrodhowrfi meppgctive THRESHELPEFeaFEniter
2304 is controlled in responding to _a control signal 25 fed fron1ghe
st andby controll@leQSGSFaEéV coupleg by firsy)lezdylgrersr adérerlsr vol t age

Vccl . This voltage {tim.ter handles relativ L hj ? vol t ages n% Ehe fore
is principally fétRe@P8f 3ilﬁi-ckb??<?n+mr%r§ éi s{’g s2T Rt nﬂ%ﬁgﬁ? r ?héﬁ? it
X i 4sible f h ti ) it

Corrone Pelfce BRRERS soqRoRas et I0aREParcRl e BORC i ekl s bhioR

Empl oyi ng thin-fLLIWDE 4LaashLALS 388ANCe o GHd [l Clielith bqdeey ease
ca

in chip area. In partlcuﬁar, aci tor ~typically ranges from sever al

hundreds to 10 tbausangs of Ll 597 aradac6eE) chB_saREE! 8CEneWIbghcin turn

serves advant ageously to reduce t ip area. Transistors fornming a

vol tage divider gireuiit ROl 13663530 adMoted to didiidid lopvpaived-nut e
| eakage current on the order of several ElA even when such | eakage 15

arises, M3S trangupiaks iedetdept MDA tirfdingdd sgrire gMUBI at Leadf BLe day be
enpl oyed since this circuit will nerely act as a voltage dividing resistor.
Fig. 2F3 depi ct s iatdeicainned tedh friog what iswurafe tdfe motey- supphoringieraant MONL
- and potential reduction 20circuit 2504 shown in Fig. 25. Delay nonitor
circuit MONL enpMOEs taramisig testipMO&Yor incl uding a chain of CMOS inverters.
This circuit defines PLL circuitry. A frequency-phase cogga%géor PED i s

1

connected for conpar imEetrNbsEIIeRkavAKr (S ERARAEL G EHER PEBFS on

the first interlayer dielectric film 318 has a contact
hole for use in electrically connecting second lead

20 layers 320, 321 to the first lead layer at a desired
location thereon. Lead 320 shunts the drain of power-
supply intercept MOS transistor pMOSV. Lead 321 acts
as a first power supply line for shunt of the source
of power-supply intercept MOS transistor pMOSV. Lead

25 321 is interconnected to first lead 318 wvia the



25 circuit MONL with a clock signal f1 fed to the main - 72 circuit, and
f'or driving an associ ated charge-punp circuit CP through | evel converters
LC3. An output of charge punp CP is sent forth through a | owpass filter
LPF to be issued at an output as the reference voltage 5 Vref, based on

whi ch the voltage Vccl wll be produced in conformty with a clock signa
f1. Here, ring oscillator MONL and conparator PFD are forned of thinfilm
MOS transi stors. Charge punp CP enploys, thickfilmMOS transistors since it
uses voltage Vcc2 as its 10 power supply. Rendering the main circuit
operative in synchronismwth clock signal f1 may enable it to operate with
an appropriate power supply voltage as maxinmally optim zed to the clock
frequency thereof. Fig. 29 shows anot her exenplary configuration of 15

t he. del ay nonitor and tenti reducti.on cif.cui of, FLO..: 28¢. ‘
“circui tr);i of IFi §.°n%?°|t§%s°ﬁrﬁ :O}Jr %er?‘%%é:%n ceozlh g u%% Z‘H%lngéf%rjf%agl%;?%:}%i 28
ith th I ly - TR ir.cuit: bei t
bower Supply. ve AR ERE B d Al O R bl L1 o R gEpR £ £l ds o @

Vee3 are inhefG%&'%@@@dﬁ@éq-% &%ﬁfﬂi@iré@i@%@s%Péﬁsw@a@yeﬁmé@pl can .

experience mxture of noises ftromthe main circuit. In this respect, in
order to suppressRINRISEe dr¥ RS ¢ Ifwale Cdupel $ess PRt ESEL&lel @y
nonitor circuit, the power 25 supply Vcc3 for the delay nonitor circuit is
v - 73 independgnttHea owds! sugplsy | It end &k tM@S nonahof s igr asMasacy. Fig.
30 illustrates an exenplary configuration of the I1/0s 2202, 2302 of Figs.

+ 22-26. This drawnote steows thamelihoygh tomly ythd he- tyoe hpedéesswprEhni p
signals and external signals via an /O ternmnal pad PAD. V-l hen SEL is at
"L" |l evel, PAD dettergenth MOpirangisters DRSSV SErejshawny Ht #p§Pacts as
an output termnal. A level converter LCl is responsive to receift of a
control 10 si gndSMGARS R{FEH FTN St ENIRNRYTE rBT FEPE BOWBT 39PBRYsee Fi gs.
22-26~; when STB is-at "L" then converter Lg& onveﬁtg a.signe% mﬁﬁh t he
ampl i tude of VedPHFHERE HYhAHTIRS LTI rERe i PRS2 VERD  which i s

t forth f tput_t i nal . LA di ngl 15. t ai hi ck-fil m MOS
Cransi ot ond coniBiba HURHDT dvett BT by L s Fo-feliAtnal PAD are
f d of thick-fj : i j I i $51 h
gat o of a pul |- B BREE Crah iRt or i choresond, PRaF sligkby Fripry et e

required, the sigpgdy t hSwdlinlsel-8¥8h peEALiti Ng execution
of pullup operatlonJﬁéggﬂghﬁgﬂ%ﬁg%x%%g%s?%ﬁ.l%h?% PMOS transistor is a

thick-fil mtran%iﬁﬂam@géé@ BiANIDYa e F0gs. 06 theoh&nhcChbh prshpwn, the
standby control signal STB potentially rises at "H' causing | evel 25
converter LCl tadwds presetived. the | ast potenti al | evel of an out put
since the on-chip thin-filmMOS transistors are prevented from receiving
any power 18upply vol Aafjesrtheenbo@bmentsappkitei preseeapt iloven®ionhwiildput
side, an inverter consisting of a 5 pair of MOS transistors 4004P, 4004N
recei ve an ext ermal éxpbapped edi thpoefeirgnae wpt Fignphi t whéechf ivcerawer
conversion to a signal having the anplitude equivalent to Vccl .

Accordingly, thete amolRyersestoischahdPEngisneRske¢erfdgHverien signal are
formed of 10 thick-film MOS transistars. During standbxiggrho any si_gnal

from1/0 termnal PAERi ElQut SotPe BHISTEREE FREXECHSEr " Ad15PENREALSTg 2an

I nput si gnal lhléﬁbgei gég é£?|L¥P£LX§gdaLMPE" designate p-type MOS

20 transistors, and "TN1l" and "MNl1l" are n-type MOS
transistors. (In this transistor circuit diagram and
later presented ones of the present application, the
small circle symbol "O" will be adhered to the gate
terminal section of each p-type MOS transistor in the

25 illustration.) MOS transistors TPl, TNl correspond to



Resi stors R1-R2, diodes 4002D1-4002D2, transistor 15 4014N are connected
formng an input protector circuit. Additionally, diodes 4002D1, 4002D2
maybe fornmed of MOS transistors. Those MOS transistors included in this

i nput protector ale high-voltage thick-film MOS transistors. 20 Fig. 31
shows one practical configuration of the |evel hold and | evel converter
circuit LCL of Fig. 30. Level holder-cé#bcuit 3101 is responsive to standby
control signal STB for potentially holding a signal of Vccl anplitude;
thereafter, the resulting signal is 25 converted by | evel converter 3102
into a signal of - 75 Vcc2 anplitude which is then generated at output
QUT. Fig. 32 shows another practical configuration of the |evel hold and

| evel converter circuit LCL of Fig. 30. In this enbodi nent the standby
control signal SR ifp SURP|$L0r 8y . 21 M-d¥By-p0d81 P! WBed gadeevel hol der
3201 and | evel -converter 3202. Level holder 3201 is placed at a | ocation
near the output isidlel a8 dPOKEIhat of rQOs CORNRELSE0B802P1f orNpokestial |y
hol di ng a converted signal with the Vcc2 anplitude. 10 Upon conparing the
enbodi ments of HRilginel tewh 32hosé oRYMOS apanetsaded MyplexpNits in the art
that these are functionally identical to each other in performng |evel
conver si on of a Hawdinafimpdyt udertain liranghatorat emphoyangeastiinnpbteude
(Vcc2) signal and in 15 continuing output of the [ast potential value after
si gnal STBShandesswkation | £,bh 1 NeeeMBSr brenaistasst BPier TNS Waté be
advant ageous then the latter in that necessary chip area remins less. Fig.
33 shows one exéﬁ&ﬁ%ﬁ@eixﬁﬁi@@r%PPohtb+nrﬁélQOMgﬁaEHBPSéﬁﬁPFﬁlI@Fs 2206,
2303 (see Figs. 22-26)..The circuitry shown recejves an.input_ sigpal STBIN
(Voo anpl | t ude) SHOR IR rEf ADEE PEOTE L 25BN 55595, CPRRS) PrSD4FR

generates byl(ag%t§9ﬂ¥gﬂfé€fognfi Meiiﬁg MOS transistors MP1l, MN1

will be called the "thick-film MOS transistors" or
10 “thick-film transistors." (In the transistor circuit
‘diagrams of this application, the illustration of each
thin-film MOS transistor comes with an ellipse
surrounding it.) Attention should be taken to the fact
that while most prior known thin-film transistors
15 called the "TFTs" refer to those. formed on a
dielectric substrate by use of semiconductor thin-film
fabrication techniques, the thin-film and thick-film
transistors according to this invention are free from
such limitative structure originated from the
20 semiconductor-on-insulator (SOI) fabrication scheme;
importantly, definition of these thin- and thick-film
transistors of this invention is simply based on
comparison of the gate insulation film thickness
 between them.

25 A thick-film MOS transistor MPl is inserted



output signal /STB. This circuitry is not under strict 25 high-speed

requi renments, and thus is nostly forned of - 76 thick-film MOS
transistors in order to suppress flow of | eakage current, except that
certain portions of it handing signals of Vccl anplitude enmploy thin-film
MOS transi stors (as encl osed by ellipsg tenplates to 5 distinguish them
fromthe others). ‘In light of the fact Fhat an associated circuit -for

i ssuing the STBIN signal can also be in the wait or standby state .in
response to the STB signal, the circuitry of Fig. 33 prevents the-STBIN
signal from becom ng unstable 10 _ during standby periods by causing
transistors 3301, 3302 to latch the STB output for retainment of its
potential level. A mcroconputer system enbodying the invention is shown in
Fig. 34. Due to bstyedn cantirsf pewer ssupkby Vdd capdcihy CHAE mrconpemi es
with the gate | eakage problem a conmmand/instruction cache register 3402
~and nenory cel | é%d&?&r%@ eiipl @ £l IMOS | pr s $ R sYNE o+ 8. PEEWeRR ai ni ng
hi gh-speed characteristics is nore inportant _than power dissipatign
reduction 20 théh SEFH P FeTHRPINJESS stf TGP SPLRECREQHT r efBIREE are

formed of thin-film M35 transistor roviding a hierarchical nmor
structure. LikeW5e® CATMYTRE tRle h9%$o%%gpéﬂﬁﬁﬁsﬁﬁqlfl%ﬂﬁfgegigter

12, (1 8 o0 g 0 SAARE, o, P LIS

transi stors reducing I'ssi € m CT Opr ocessor

of Fig. 34 al SO#&CA&J%%#‘?& FiEsH Of | EFe N tyhl 2o SENAY &l RYTIROSE

Ja
regi ster 3405, oating point register 3405, Integer 5 arithnetic unit

3407, fluting pQidHe it AT, UphicR4P81mands | eaghst sEerynitbl 34@R1 whi ch
are formed of thin-film transistors in view of the fact that they are

under hi gh- speedcu:@f i ereens Snduf i Pegl pGvdr esupp b f eddi andokeponr
di ssipation as long as capacity 10 renmains smaller. Standby controller 3413
and 1/0 3414 maypdwesisupply tWss hosebdi scusied dipeatl¥i go GBOShows a
cross-sectional device structure of the 1/0 unit shown in Fig. 30. In this
drawi ng t He inverter L1l. Since this inverter L1 is formed of
thick-film MOS transistors TPl, TN1l, some leakage
current (tunnel current) can flow between the gate and
source as well as between the’gate and drain thereof.
This leakage current attempts to flow betweeﬁ the
15 first and second power supplies vdd, Vss via thick-
film MOS transistors MP1, MN1 causing power
dissipation to increase as a whole. When this
circuitry is out of use, namely, during standby
bperiods,ythe control signal CS potentially drops down
20 at a logic Low or "L" level. When this is done, thick--
film MOS transistors MP1, MN1l turn off forcing CMOS
inverter Ll to be electrically disconnected or
"wrapped" from first and second power supplies Vdd,

Vss. The gate-to-source/gate-to-drain leakage current

25 will no longer flow between first and second power



part designated by reference character "A" is an input 15 protector circuit
whereas part "B" is an I/Ocircuit, which contains therein a | eve

converter circuit. An n-type silicon substrate 4006 has a p-type well 4007P
and n-type well 4007N with an el ement separation region 4008. being

provi ded thereon. Inpurity-doped 20 | ayers 4010P1, 4009P1, 4009P, 4010N1
are provided as the source and drai n-r&giens of an input protection MOS
transi stor pMOSL. Rl and R2 are resistive elenents; 4004P1, 4004P2, 4000N2,
4000P2, 4004Nl1 and 4004N2 are the source and drain regions of |evel 25
conversion MOS transistors. 4044N4, 4004P4 are the gate el ectrodes of
MOS transi stors 4004P, 4004N. 4004N3, 4004P3 are the gate insulation filns
of MOS transistors 4004P, 4004N. A wire lead 4013 is for supplying the

power supply thr, i HR@& Bls& LIl e~ £ QYS! c CORYELIE@Fs i N the
/O circuit ar eeasq%gg‘ll%%s t |'CE{§1‘S?I m NDSStransi stolrs 4004P3, 4004N3. The

remai ni ng arr ang@eniNiS aXldNddfaded hdn&died ivd) 9. Ind tHid$ ikt ildw ough
42 show sone exenplary 10 configurations of a mask ROM Typically, mask
ROVE are desi gnemreo oft @igdti i stadon®ipdwesr yumeslsingl ehges rvad) char ge
‘as precharged on a bit line to discharge at ground potential or by forcing
such ' prechar getsscraregesupp lieechetal CMES emveartter Sk cféndelr 189 hi-gh
potential. Fig. 36 is a functional block diagramof a NOR type mask ROM

whi ch enpl 8ys t Hexatieffarsiven- ( idyeroytgt PFF nks stheiee N glor Hpeddes 3604
is connected to receive N sets of row addresses and M sets of 20 col um
addr esses (wher Mt Fhemre s nkel 2t Jgerkgvebl WetdRtion of a single
address (with one nenory, cell as a unit), A word driver 3602 is resgonsive
to an output of SATH-RRECIHEPBEHCTeRse in power dissipation beécaus

of the fact that thick-film MOS transistors MPl, MN1
disenable fléow of any leakage current. In this

10 embodiment the thick-film MOS transistors measure 3.5
nm iﬁ gate insulation film whereas thin-film ohes are
6.0 nm in gate insulation film; however, this
invention should not be excluéivel§ limited thereto
since the "standby current leakage reduction" effect

15 may be attainable insofar as some difference presents
between them in gate insulation film thickness (in
other words, whenever the tunnel leakage current of
thick-film transistors remains less than that of thin-
film ones). Additioﬁally, circuitry generally called

20 the "clocked—inverter." is typically designed to
operate in response to the control signal CS being fed
as a clock input, its intended circuit operation will
not be disturbed when transistors MPl, TPl and
transistors MN1l, TNl are interchanged in connection

25 order as long as these are in a series connection. The




driving the nenory cell wth selected address. Note 25 that since nenory
cells here are formed of thick-film - 79 MOS transistors as will be

| at er described, the word Iine anplitude is set at a higher potenti al
(Vcc2). Accordingly, word driver 3602 enploys thick-filmMOS transistors
applied with the voltage of an increased 5 anplitude whil e causing address
signal s of decreased potential anplitude ¢Vccl) as normally fed from an
associative CPU to be coupled to word driver 3602 after conversion of such
Vccl signals into Vecc2 signals at the | evel converter. Wrd decoder 3604 10
handl i ng smal | -anplitude signals enploys thin-filmMOS transistors. A
menory cell array 3601 includes a predefined nunber of rows and col ums of
menory cells enploying thick-film MOS transi stors because of the fact that
if otherw se the I : r : i 0= fi i t Bedh
unwant ed | eakaggi%t??ﬁérﬁ%t\é\%{ﬁerd&ﬁéﬁvf% %gg%%%:{e%%%%a%}?n%%?ﬁﬁ%er e a

maxi mal anmount griwmd&&kggﬁﬁgéfgt%ﬁyﬁ@@ Qﬁéi@fﬂ?@yix}&@eé‘é’nbgr of

cell s operativel'y assocl ate one ine multiplied by gate | eakage

current per cellpoddsqh Hodid ikaf idm bf apsé séOfised ©logedtGenl bOWs the
menory cells associated with on bit line to increase in nunber, which in

turn permts enhniceneirads iathand agesr espdheingvent tloose AL anTPhcasase in
data storage capacity of nenory array 3601. If nenory array 25 3601 were
arranged usi ng tWeli- fad mltrarstiistorest t hlea corn@étiomnexderceed cells could
cause flow of |eakage current adversely behaving to i npose noise. m xture on
bit |ines, whicHrantistorsh coukeesperding spghaPse Mibi sSBNESPR) tREtio while
increasing the risk of occurrence of 5 malfunction. A level converter 3603,
sense anplifier SEPBIERRNSt andby controll er 3606 nay contain both thin-film

and thick-film MOS transistors, |n the _nask Fig. 36, certain nenory
cel | M\-100 for stor¥gitofda %ngcemQOd&§F§tE$¥IggﬁeggﬁFFﬁtlénXSntlon
transistors. In other_words,. the.,"1! storage | .do ot £h ny

di ffusion |ayer .W%ﬁrb%n%xneﬁ%%mr%‘él 2r8gg’§eﬁ%ht%"€r%?gr nsp%%{gn?i'al, its

Foaar o el M Chsaliege ERUEhPRCEL e LAk Oste Eetoutt
transistor whichoph] by 1 H0sbP¥es combination of three pairs of thin-
film p-type MOS (PMOS) transistors TPl to TP3 and
thin-film n-type MOS (NMOS) transistors TN1-TN3.
In the drawings PMOS tfansistors MP1-MP3 and NMOS
15 transistors MN1-MN3 are thick-film transistors.
 In Fig. 6 this cirzhitry includes thick-£film MOS
transistors which are inserted between the first power
supply Vdd and respective power supply electrodes
Vedl-Ved3 of three CMOS inverters and also between the
20 second power supply Vss and power supply electrodes
Vesl-Ves3 thereof. Causing the control signal CS
applied upon thé thick~film MOS transistors to
potentially drop down at "L" level may decrease in

magnitude the flow of gate-to-source/gate-to-drain

25 currents of thin-film MOS transistors TP1-TP3 and TN1l-



even when word |ine WL1 goes high. Fig. 37 shows a NOR mask- ROM enpl oyi ng
the ion inplantation programm ng schene. This mask-ROMis. simlar to that
of Fig. 36 with the nmenory cell array 20 being slightly nodified in
configuration. On occasions where word |ines W1, W22 potentially go high,
the turn-on/off control of cell transistors is controlled based on the
threshold value Vth of each MOS transiggar. 25 Fig. 38 is a cross-sectional
vi ew of one nenory - 81 cell of Fig: 37. The logic |evel of stored data
is determ ned by verifying whether a corresponding MOS transistors turns on
or off when its associated word line is selected. The word line is
equivalent in 5 potential to an output signal of word driver 3602; hence,
it is Vcc2 (>Vcecl) in this case. Accordingly, the term nol ogy "high
threshold value Vt h" refers to Vth > Vcc2. In the case of low Vth, the
relation Vth < P82 redusdpghPryRed S4sPat % sufficient for MOS 10

transistor to turn aqn.-I.n this enbodi nent a djf i I r & tion
of Vth is provided Hehddtth FHe eé'ldﬁ nréh?vﬁiloél }%#?'mog’f %yflt%éﬁ%%s?&sfor
coupled to word Li.ne 21 i q. : NER MBSk HBddg the 15
cont act - hol e pr& &) 'lné“ g{c geqﬁéa%lfg%acls S|lm lar to~that of Fig. 36

with the nmenory gel r ' | | Youpdid i @dl v eardl gysekdon. MOS
transi stors NNNﬁ%%gbﬁﬁé%?§f§£%$g§%%iIar é?rangenent but of different

operation guch tha,18A0R fNtI@ s, thesd Hri @ emibkKLfilod M08 out put dependi ng
upon whether it 1s connected to bit line BL3. Fig. 40 shows a cross-section

of major part ofe Qi iRBYY ceidedfed Neetweay wirtial BOversswhmln, the
right-hand side MOS transistor is not connected to bit 25 line BL3. - 82"

Fig. 41 shows a INANRG nesio ROMshamsy i figrstheandns¢agnam ¢S WY ami ng
schenme. This ROMis simlar to that of Fig. 36 with its nenory cell array
4101 being slightineso#id, abs n Bomh guclt iash 2IMERISMensiSsfbrl@const i t ut e
a cell block. A storage data bit is definable in %ggic vglue--"l" gr

"0" - - dependi ng \RFOPRRHRISRErte HRQSHOER t FRASFaTRr QT & 19 uf © tARY pR%i F15R

polarity in threshold val ue (enhancenent type) or of negative polarity
(del eti on %y pe) .244R23MS: enbodi ment 10 a MOS transistor MVMN4n is of the

depl etion type. v%en?§$8 selec%ﬁgngg%gu%%gnggﬁggggﬁg%thé¥oggsg higgh, a

bl ock-sel ect transis Neous ne-of the word

i nes associateQ@m%?ﬂéﬁQé% éﬁgﬁk?éﬁ?§6|ﬁﬁ%egﬁ§g ocgggﬁggrgeggﬁtgghly

Suppose a word 1 I's”seléc ed. | ock cell a current rushes
to flom’allom”ngréQSlELEnlgvgécféQQéliﬁooQ@upation area on a chip

substrate in most cases. It is required that the gate
15 width of transistors MP1-MP3, MN1-MN3 be carefully
degermined to eliminaté.occurrence of a delay in time
during qperation of each inverter due to insertion of
transistors MP1-MP3, MN1-MN3. In the case of Fig. 6,
the gate width of transistors PM1, MNl is determined
20 to be identical or equivalent to that of transistors
TP1, TN1, by way of example. In the case of Fig. 7,
howevér, the gate width of transistors MPl, MN1 may be
determined in view of the activation ratio of each
inverter. More specifically, the gate width is

25 determined by taking into account the maximum



out put via bl ock-select transistor BSMM. Fig. 42 illustrates a
cross-section of main part of the nenory cell of Fig. 41. Like elenents
have the 20 sanme reference characters. Wile the principles of the
invention are applicable to several types of nmask-ROVWs as di scussed above,
it will be readily seen by experts th;% the current | eakage reduction
effect of the invention will 25 be maxd%iZzed when applied to NOR type
menory devi ces - 83 which inherently tend to experience an increased
anount of | eakage current due to their structure in which input nodes are

i ncreased in nunber resulting fromuse of a great nunber of parallel arrays
of MOS 5 transistors therein. A DRAM devi ce al so, enbodyi ng the invention is
shown in Fig. 43. This DRAMincludes an 1/0 circuit 4311, standby

control | er 4306agndvanidndiaeed 6312 ogirstcipantitens( thirashisstage=e dor ned of
thick-filmMOS 10 transistors and which are designed to operate with power
suppl y vol t ages i¥ve2teygp inh&tigar § )hicgpmereattesh tycdirank isdsctMRle IBEL of
transistors within a nenory array 4301 enploys a thick-filmMOS transistor
in order to prevanthel exerpdsl ofh&ige from Issqidlfy e ff Wyem associ at ed

data storage capacitor. For drive of - menmory-cell thICk filmt n5|stors
word |ines w ar éDYPEARFEd 10 TeRAF esh PReLTh e &tyé dnpist l?cfé:‘?ﬁﬁ

signals. In this_case, for, rpgses of .eli n on
g 5 the gate w1deﬁ R tran51storséﬂﬂ ﬁﬁl is designed at

appropriate value insuring sufficient current supply
to such single'invefter. Thi; would result in the gate
width being the same as those of transistors MP1-MP3,
MN1-MN3 of Fig. 6, rendering the circuitry of Fig. 7

10 smaller in area than the Fig. 6 circuitry.

A sixth embodiment of the invention will be

described in connection with Fig. 8. This embodiment
is similar to the fifth embodiment shown in Fig. 7
with a level holder circuit LH1 being added thereto

15 enabling retainment of the potential level of an
output OUT when the comntrol signal CS potentially goes
low rendering the inverter inoperative so that it is
in the high impedance state. When control signal CS
changes in potential from the "H" to "L" level, the

20 last logic level is maintained. While this embodiment
employs two latch circuits to make up the level holder
LHl1, any other configurations may alternatively be
used insofar as a level holdable circuit employed is
capable of holding the potential level of output OUT

25 when control signal CS is at "L" without affecting its



current-| eakage from capacitors otherw se occurrable 20 in prior known
DRAMS) it is recommendabl e that nenory cell transistors be of high
t hreshol d vol tage. Decoders 4313, 4318 and address buffers 4315-4316
handling smal | anplitude signals are fornmed of thin film MOS transistors
for drive by the | ow voltage Vccl, 25 supra. A sense anplifier 4305
consists of a - 84 conbination of "tAfck-filmand thin-film MS
transistors. Input circuit 4311 receives at its input an address signal Al
which is as great as Vcc2 in 5 anplitude. This input signal is
| evel -converted into a small Vccl anplitude signal, which is then passed to
address buffers 4315-4316 and decoders 4313, 4318. In view of this, the
input circuit preferably enploys thick-filmMOS transistors at its certain
part in the 10 sywesddieg odisaeihctevet ehavrestosthgeVeebpoksiveheosane
reason an output circuit 4320 enploys thick-filmMOS transi stors. The DRAM
shown is simlarrédeeipte @f eviaopst edDdi ments in that thick-filmMOS
transi stors are for use in controlling the power 15 supply(ies) as fed to.
the thin-filmMOS transssenbgdimentidiessniekf ans as3uBPL396 &RatdESEder s
4313, 4318. Although not visible in Fig. 43, row decoder 4313 contains
therein-a | evel tevekrheldenrLibnierephgreauived tanpkhibdé BighafPrRfo an
anpl i tude-i ncreased 20, si gnal (;bpégmhich is then sugglied to_ word driver
ta :

4321. In tHis erPRRFHEHONE hetdFt abRIGkeE1I® ¥OP &F2 3s{8rFsaT¥ccl is 1.8
Lo 12 StPhian, RSV L~LuSorehi T UERE ekl gues TRy b
high-speed requirement is applied then level holder
LH1 may be constituted by thin-film MOS transistors;
in such case; care should be paid to the circuit
10 design in order to ensure that possible current
leakage therein is not greater than that in the main
inverter section.
It should be noted that it is impermissible for
the level holder to be unconditionally located
15 anywhere in the circuitry; by way of example, any
infended function would not be attainable if it were
inserted at a "midway" inverter output OUT1 or OUT2 of
the multi-stage CMOS inverter circuitry of Fig. 8.
Thus, it is a must for level holder LH1 to be inserted
20 at a selected position associated with a specific
signal transmission line required to hold the logic
level even when control signal CS is at "L" level--
thét is, at an output node OUT3 in Fig. 8.

A seventh embodiment of the invention will now be

25 explained by use of Fig. 9. While in Fig. 5 (fourth




- 85 chip voltage converter. Fig. 44 depicts an inside configuration of
the sense anplifier 4305 of Fig. 43. This sense anplifier includes a pair
of parallel bit Iines B, /B, which are 5 precharged at VDDl/2 by a
precharge circuit PC during standby periods. Sense-anplifier drive |ines
NCS, PCS are at VDD1l/2 level. Accordingly, the sources, drains and gates of
transistors TP11, TP12; TN11l, TN12 corg2ituti ng~one sense anplifi-er unit SA
are all at 10 the same potential |evel so that neither subthreshold | eakage
current nor tunnel |eakage current flows therein. Thus, these are forned of
thin-filmMOS transistors enabling sense operations to increase in speed.
15 A precharge signal PCB is at high potential (>VDDl/2) during standby.
Hence, transistors WNI 1- NN13 constituting the precharge circuit are

specific MOS tran ors ng t ti

el i ninating tunf ren ‘i ﬁes%’gér%e no§ (%g e@wér%' < c')gmbe of the

hi gh threshold I Q%gﬁFj qg&hlfﬁm§w@gn is kept
o % % n3| st ors l\ial&fg'&fﬁg

identical in potentlal fformng an 1/0 gate YG are
al so thick-film &@%stfsadb%'sstw Sorkithd S irdvesdear of 2 theidagildhaif t hese
transistors receive at their gates - 86 an output YS of an associative
col umm decoder aimd alfresfiic @YWk Mpsl i slrtag siandypeerdds. Fig.
45 shows a detailed configuration of the sense anplifier circuit 4305.

I nput signal s t kerethad ts iwitd wnadiiressi dignadsofay &§ Eese arer ng si gnal
~ In currently avail able standard nmenory devices, since the nenory array
i s subdivided i rangiuirtited e dch el I lou409 atysan%%tc@%ﬁ;n 89¢ €¢s signal

(normal |y, several upper bits of those of a row address S|%Pal
such examples is shown in Flg 9. Fig. 9 shows an

1ntegrated circuit with the inverter of Fig. 5 being
replaced by a NAND gate having two inputs (IN1, IN2).

10 With such an arrangement also, it is possible to
prevent an increase in power dissipation in a manner
similar to that of Fig. 5.

In the embodiments shown in Fig. 5 to 9, the

control circuit coupled to the control signal CS

15 employs thick-film MOS transistors having thick—film
oxide films;.however, the present invention should not
exclusively be limited thereto and may also employ
other devices capable of controlling‘an amount of
gate-to-suurce/gate—to—drain leakage current of thin-

20 film MOS transistors in response to control signal CS.
Use of MOS transistors greéter in gate-electrode
depletion ratio than those of the main circuit is one
example. Using MOS transistors with a speqific thin-
film gate insulation film of decreased gate leakage is

25 another example.



10 used) is required to render operative only sense anplifier units
associated with a selected subarray. A NAND gate NAl1 and inverters |V1-1V2
enploy thin-film MOS transistors. During standby, the Ai, A, ~ signhals are
at "L" level and signal SANis also at "L" while 15 SAPis at. "H';
accordingly, switches are inserted between the Vccl |ine and the power
supply nodes of NAND gate NAl and invesfer 1V2 as well as between'the
ground node of inverter 1V2 and ground, for selective interruption of power
feed during standby in order to 20 elimnate tunnel.current |eakage. Level
hold circuits LH1, LH2 are provided for maintaining the potential |evels of
signals SAN, SAP. Precharge circuits NCS, PCS enploy thick-film MOS
transistors. Drive transistors M\20, MP20 neke use of 25 thick-film MOS
transistors. This is to prevent flow of

J | eakage curte tyeen
the sources, drains HHFRRE eLHPHhRE t‘?’%}ﬁ%‘%s’?%?gs V\flall“% alrgg % gpécll Pf—eérl\gnt
potential |evels, during standby.. Fig. 46 'shows ; Ve £and. guration
of the 5 main am§ 1496"%1: Od%/ H d&%fpeﬁsfg%coﬁlﬁi&tﬁfé%ﬁ %ér:rpqﬁ‘*l er
consists of a ¢ i natiqn qf t i ff i ak i fd , ,
whi ch enpl oy ¢ itk ﬁ“ﬁﬁﬁ%ﬁé‘ erae\#s)‘?ésyt%?‘gﬁe o%%?é%%‘r%’%%p ?ﬁ%ﬁf?%%%?@fi on.
This is in 110nt0fddieyf adlid Al Sidd riatrdeakage: cameccur because a

% fﬁ §howﬁ) i i

precharge circui forces anplifier input signals DO, /DO and
first stage out pfveH i si Plooridiletdd 6VRIrSPEOHdof whether such

connections are configdred in éractiCal use. For
instance, it may be arranged so that the substrate
electrodes of p-type MOS transistors are coupled to
the.first power supply Vdd whereas those of n—typé MOS

10 trgnsistors are to the second power supply Vss.
Altefnatively; in the embodiment of Fig. 5, the
substrate electrode of the thin-film MOS transistor
TP1 may be coupled to the voltage Vcdl whereas that of
thin-film transistor TNl is to Vesl. In this éase and

15 ordinary or standard cell(s) of CMOS inverter with the
sugstrate electrode be{;g coupled to the power supply
may be used without the need of any extra
modifications. |

The -semiconductor integrated circuit device as

20 manuféétured by the fabrication schemes described in
conjunction with Figs. 1 and 2 is adaptable for use
with any one 6f all the circuit configurations of Figs.
5 through 9. Further, the embodiments of Figs. 5-9
will offer more successful results if they employ

25 circuitry inherently less in operation frequency. The



stage output signals D2, /D2 to be kept at "H' |evel during standby

- periods. On the contrary, activation 15 transistors M\N31-32 are forned' of
thick=filmMOS transistors preventing current fromleaking into a node
coupled to voltage VSS. A SRAM further enbodying the invention is shown in
Fig. 47. The SRAM shown is simlar in circuit 20 configuration to the ROM
and DRAM devi ces as di scussed previoys%g except that the structure of its
menory array 4701 is distinguishable thereover. Menory array 4701 basically
enpl oys therein flipflop circuits which are fornmed of thick-film

MOS transistors. 25 O those transistors constituting nmenory array _ 88
4701, at l|least data transfer transistors (also called. the "access
transistors") are to be formed of thick filmtransistors because of the
fact that if otherw se these were fornmed of thin-filmtransjstors.the
unwant ed | eakagd ey rdveairnay T |aw wsed Reprat B SHT dPi hRS TREH° bf
“l'ines, where a maxi mal anmount of such | eakage current gfrned by the

nunber of cells RAKAEY ] PONEH;F Ve REFAPET pt? eﬂn%@efﬁge age current
per cell, thereby causing flow of 10 |eakage curr v be ng to
i nduce noi se m x%lltﬂ"’é”’o‘ﬁ’%r {PFT IRAS r BRTPY klh%“'f no%eggce:?%%ge%%f%#N r ??’éo

Gat e | eakage current of the renai n S t han transfer
transistors is dEARAF e dh Yo eas§°é£§/é£§68£ ¢2roaict o8 méMéP{

ower di ssi pation only;

therefore, wnl esslﬁacqyﬂr I's L0 q}dl@gdﬁrtmeﬁm%mm}t hin-film

MOS transistors e gr ter e nu menory cells connected to one
bit line, i.e. t @ﬂ%@geufs@ea&bifa -gbcsmapy¥rivhe gheatgtst he
significance of 1 e vant ages this invention. 20 The same goes with the
transfer-transi Sé&frééb&&@ﬁhg val HemBksotol worBeltinansf enlyr ansi sfors were
l ess in threshold nmagnitude then undesired | eakage current could flow into
bit |ines, whereyitidixisatendoratl attsuehakeakagmecwhidnt reRECEangi ven by
the 25 number of cells coupled to one bit line rrultlplled by

inactive the remaining, increased number of word-

10 ' aecoder/driver circuits, which in turn resqlts in an
increase in power dissipation due to constant current
flow if gate leakage is available. Even if this is the
case, use of the aforesaid embodiment may enable power
dissipation to decrease in such multiple inactive

15 word-decoder/driver circuits.

i Figs. 12 to 19 sho; other examples of the thick-
film MOS transistor insertion method for reducing
current leakage during standby periods in circuitry
including therein thin-film MOS transistors TP1-TP4

20 and TN1-TN4. |

Figs. 12 and 13 are examples in the case where an
input IN and output OUT are identical in logic level
to each other during standby periods.

As shown in Fig. 12, if it is known that

25 IN=OUT="H" during standby periods then one switch MN1



- 89 source-to-drain subthreshold | eakage current of transfer transistor
per cell. This adversely serves to induce noises on bit |lines causing S/N
ratio to decrease. To elimnate this, the transfer transistors 5 are
increased in threshold value. This is attainable by adequate adjustnent of
an anount of inpurity as inplanted into the channels of such transfer
transistors; or alternatively, the sarg nay be attained by designing them
so that the gate length is 10 sonewhat 1ncreased. Fig. 48 shows an

exenpl ary configuration of the word decoder 4704, word driver 4702 and

| evel converter 4703. Word decoder 4704 receives at its input

smal | -anplitude signals, and thus is formed of 15 thick-film MOS
transistors while further including a thick-film MOS transistor MN11 for

interruption of gate |eakage current during standby. Wyd |ines i.ncluding
one W of Fig. m8vaPe dpsested &F Bampdend ithildsS gﬂé%[es erbl}f'héfflt&brd

driver 4702 is designed 20 to operate _wiih the power supply voltage Vcc?2
with a |evel coﬁ@e?%%FcE7G§e@ePWgt&ﬁ%é&%tds ween word decoder 4704 and

driver 4702. Level converter 4703, 1is r tenti al € L Sche i f f OM @
smal | -anplitude to 4 ﬁ(i't?é‘”hr‘?ﬁ? ?‘% e i:?’gn‘{a?,ﬁanﬂgt%%gge%%g%ﬁfﬁ'gﬂ 5 film
transistors at ifs.naj r | S, | r - SiipadHrdPp that '
di scussed previ g&?ll?/@i ’r%t%glr#r?gc;glﬂp% vﬁﬁ}%e%ﬁg:@}gé?%&a%&%ndby cotnt rol signal
STB goes higgh dyjing o3t aNHNAHYH At "R I W WIONE 'S W tctVatdedfdn 5

Thick-fil mMOS transistor MN12 forces an out put W.2 of |evel converter 4703
to-go high (at 3Ind Wld PidedUSHBGe, the level hold circuit LH1 is
provided for holding the potential level of an output
during standby.
-Figs. i4¥17 are examples of the case where the
10 input IN and output OUT are different in logic level
from each other during standby periods.
As shown in Fig. 14, where IN and OUT differ in
logic level from each other during standby periods, a
switch is inserted at either IN or OUT in o;der to
15 eliminate occurrence of leakage between IN and OUT. If
IN;}H" and OUT="L5 theﬁ.insert it at Vss and OUT, or
at Vvdd and IN. In Fig. 14 a switch MN1 is at Vss while
switches MP4, MN4 are at OUT.
In Fig. 15 the switches are inserted not at Vss
20 and OUT but at Vdd and IN (as shown by MP1l, MP5, MNS).
In cases where a switch(es) is/are inserted at an
output”node OUT required to offer increased load
driving ability or "drivability," the example of Fig.
15 will be more preferable in practical use because of

25 the necessity of constituting such switch(es) by use



word line W. to be potentially held at "L" level {zero volts). This may
prevent current fromleaking into a bit lines) out of a nenory cells)
during standby: 10 The word decoder 4704, word driver 4702 and | evel
converter 4703 may be basically simlar in configuration to those used in
t he SRAM and DRAM devi ces stated supra. Fi.g. 49 shows a detailed
configuration for 15 practical use of -a ®ense anplifier/wite circuit 4705
of Fig. 43. The bit-line potential does not affect data storage so that
power supply Vccl nmay be off during standby. This sense anplifier/wite
circuit enploys thin-filmMOS transistors. 20 I ndustrial Useability Wth
the foregoing sem conductor integrated circuit devices in accordance with
the present invention) significant practical advantages are attainable with
regard to the facboft@amost tianosebbl8)25¢t pa
during standby periods - 91 mnthoés) g&l%SE?gggg mﬁ?ﬁ% gﬁ?%b tbhg
operation. .AF[ 3% #ngénéPalPy ASonA8HeABaANBleAl EEHAGALY. AS2. AS2. A ULE. A
S.A & . AFLY. A s2. A& A A

n" Y. A9l . A35. A. A. ASn. ABSYsAOwnAYBLYi4 SE6AFHhAY¥eAIALYnA OUT differ in

. AY9l . A3. 9l . Ay. AF. A3H. A. An& A’ | . Al L. A3[ 9. AF! . AC. AF. A3H&. A

s2. A AY. A39I . AFH 1¢Gl¢\¥?¥¢lA@$QmW@ach\étMeALa&rB&Q A8mAN YpAEiAdA9. A@ E.
Al H. A>2. A3n. AFH. Au. A3. ASE. A@ | . Ah" Y. AF[ LI . Ay E. AF. ALE. AFSE. AL. AF. A

. A[SE. AF Y. £ E. AFrItHR(es) 4;0&]411:% Msgetrted at IN or at OUT in order to

Leni ol ca) coleal e sl caleel el el el calepleal cd eafal caleel o o ol

cal oal onl oa) oa) oy 2] B8] SpREhES] Ko it e HB) SO g sotedhes! iRl o
4hx} xsni d_ Z]ca]cqh@gkgg] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca]ca] ca] ca] calca]ca]ca ca]ca]caI

FL{ILLYE " #HSTSSSS ARSReEPEL Y 12 }-9@] R K I A

]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca caJ caJca ca]ca ca

+5+6++, , - - -1-0. . //kﬁkﬂ@ﬁ&akhikk%?3§ﬂ§8ﬂ§5 ﬁb@% B%Q@% % a%& ica]ca]ca] '

ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c ca ca]ca] cajcal ca] cal 566

6 Practically, the example of Fig. 17 w1ll be more
preferable because it is generally undesirable to
insert switches at the output node QUT required to
offer increased load drivability.

15 Fig. 18 is an example adaptable where the logic
level of nodes IN, OUT™is kept unknown during standby.
periods while IN=OUT is true; in this case, switches
MP1l, MN1 are inserted at Vdd and,Vss respectively. No
switches are required at IN and OUT.

20 Fig. 19 shows a further example adaptable for use
in receiving a plurality of input signals (IN1, IN2).
During standby, IN1="H" and IN2=0UT="L"; hence, a
'switch MPl is at vdd whereas switches MP5, MNS5 are at

IN1.

25 As apparent from the examples of Figs. 12-19, the
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former. When low threshold-value ;ransistors are
employed, what is called the "subthreshold" leakage
current can flow between the‘source and drain; even if
this is the case, such source-to-drain subthreshold

5 leakage current may be interrupted or cut off'by use
of high threshold value thick-film MOS transistors as
inserted between the power supplies. Several
embodiments as Qill be shown in Fig. 22 and . its
foliowing figures of the drawing are drawn to the

10 circuit configuration basically employing therein a
combination of thick-film MOS transistors of high
threshold value--such as 0.5 volts, which may render
subthreshold current leakage negligible--and thin-film
MOS transistors of low threshold value such as 0.1

15 volt, or more or less, by way of example.

" It should also be noted that in the above
description of the embodiments, although no specific
discussions are given in regard to the relation of
voltages és input to the gate nodes of thin-film MOS

20 transiétors versus input voltages at the gates of
thick-film MOS transistors, it will be more effective
to design so that the input voltages at the thick-film
MOS transistor gates are higher than the input
voltages at the thin-film transistor gates. The thick-

25 film MOS transistors are increased in gate insulation
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film thickness permitting application of higher
voltages thereto as compared with thin-film MOS
transistors whereby current driVability of thick-£film
MOS-transiétors may increase accordingly. In the
5 embodiments of Figs. 5 through_21, this can be

attained by increasing the ampiitude of signals CS and
/CS. 1In such case the thick-film MOS transistors are
to be greater in gate length than the thin-£film MOS
transistors. This serves to increase the threshold

10 value of thick—fiim MOS transistors while
simuitaneously enhancing device reliability of high-
voltage operable thick-film MOS transistors. In some
embodiments of Fig. 22 and iﬁs succeeding figures of
the drawing,'there will be shown circuit

15 configurations basically arranged to apply a high
voitage of 3.3 volts ts.thick—film MOS transistors
while applying a low voltage of 1.5 volts to thin-film
MOS transistors, by way of example.

Several types of éxemplary sémiconductor

20 integrated circuit deﬁices employing the principles of

the present invention will be described hereafter.
See Fig. 22, which is a block diagram of a

semiconductor integrated circuit device embodying the
invention. In the following figures of the drawing,

25 different kinds of lines are used for clarity




VES; dEj _@! 10%& ()-1 t10% ()-s@109%& ()-Z &10%& ()- 10%& ()- &L10%& ()-

- 4hxaBj _@! *@O0% ()-1 3(10% ()-S&L0% ()- s$109% ()- | "109%& ()-!I
109& () - X aVK@! 10 10 10910%& ()- Y 110%&' ()-!3/"10%& ()-3Y
-1109%& ()-FO+ 10%& ()-1 O  dEVK@! 1010%& ()- 10%& ()- S10%& ()-0
10W& ()-Z 9109& ()-110% ()- FI{!!1"E"aBVK@!  10%&' () - -
109& () - 3F109%& () - - 60 -

purposes: Solid lines are used to indicate circuit
blocks mostly including thin-film MOS transistors in
light of the area ratio; broken or dotted lines are to
circuit blocks mainly employing thick-film MOS
5 transistors; and, solid-and-dotted line pairs are to
circuit blocks each using both thin-film and thick-
film transistors therein. |
A main circuit 2201 including a CPU core receives
inpht signals and issues output signals via an
10 . input/output (I/O) circuit 2202. The main circuit 2201
also accesses a memory cell array 2205 (DRAM, for
example) via a memory—direct peripheral circuit 2204
to receive from and transmit signals to it. A standby
control circuit (power-supply control circuit) 2206 is
15 provided for control of selective feed of a power
suﬁply voltage(s) to thin-film MOS transistors within
respective modules mentioned above. Typically,
internal signals of semiconductor integrated circuit
devices are different in amplitude from those outside
20 them. To cdmpensate for such signal amplitude
difference, a level converter circuit to be later
described is provided for conversion of potential
- level therebetwéen.
;p Fig. 22 the memory cell array 2205 is

25 configured using selected kind of MOS transistors
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negligible in amount qf tunnel leakage current (thick-
film MOS transistors). The gate insulation film of
such transistors may be an oxide film.which is as
;hiék as 5 fo 10 nm, by way of example.
5 . The main circuit 2201, I/O circuit 2202, memory-
direct peripheral circuit 2204 and standby controller
2206 employ as their main elements thin-film MOS
transistors. Particularly, the main circuit containing
therein logic elements is increaéed in ratio of thin-
10 film MOS transistors used.
As has been fully discussed in connection with
Figs. 5-21, the thin-film MOS transistors in these
circuits are arranged such thét they are capable of
interrupting or'“intercept" the power supply by
15 switches in order to reduce current leakage during
standby periods. Thick=film MOS transistors are used ’
for such power-supply intercept switches disenabling
flow of leakage current through these switches per se.
These power supply switch MOS transistors turn on and
20 off selectively under control of the standby
controller 2206.
This semiconductor integrated circuit device is
arranged to employ thick-film MOS transistors also for
certain transistors (such as those in I/O circuit)

25 which directly receive an input of relatively large
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signal amplifude from the extérior of the IC chip,
other than the thick-film MOS transistors for use with
the power supply switches. This is because of the fact
that higher gate-withstanding voltage MOS transistors

5 are required for the I/O circuit to which significant
amplitude of signals are inpgt, and that thick-film
MOS transistors are typically greater in gate voltage
bfeakdown level. The thick-film MOS transistors for
gaté 1eakage'reduction‘in the thin-film MOS

10 transistors as discussed previoﬁsly with reference to
Figs. 5-21 may be employed as ‘the high voltage MOS
transistors for use with the I/O circuit. It is
possible to reduce process complexity by using the
thick-film MOS transistors for the both MOS

15 transistors.

" The memory ceil arféy 2205 includes rows and
columns of memory cells as réquired to continue
storing data during standby periods, which are formed
of thick-film MOS transistors negligibie in tunnel

20 leakage current. Employing thick-film MOS transistors
for these memory cells ﬁightvcause the operation speed
to decreasé; on the other hand, this enables resultant
circuitlto be free from the power dissipation increase
problem due to gate current leakage, making it

25 possible to continuously transfer power supply
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~voltages td .the memory cells even during standby.
Conversely, thin-film MOS transistors are used for
certain memory cells that are not required to retain
information thereiﬁ during standby periods. During
5 standby, information stored in memory cells will
disappear; however, it is possible by interrupting
transfer of the power supply voltage ;o the memory to
eliminate an increase in power dissipation due to gate
1eakage. AlSo, in cases where the memory is less in
10 data storage capacity so that continuous power feed
| results in a mere negligible increase in gate-leakage
power dissipation, the memory cell may similarly be
formed of thin-£film MOS tranéistors. For example,
registef files are inherently small in capacity
15 rendering resultant leakage current negligible in the
préctical sense; rathef: these are more important in
operation speed. Desirably, such memory is formed of
thin-film MOS transistors. In the semiconductor
integrated circuit device of this embodiment, it is
20  preferable that certain memory circuits such as
latches, flipflops, and the like employ thin-film MOS
transistors. On the other hand, high-voltage/low-speed
circuits which are driven with high voltages -and are
‘not required to attain rapid responsibility, such as

25 the power supply control switches stated supra, for
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example, are preferably formed of;thick-film MOS
transistors. |

~In the example of Fig. 22, the IC chip is driven
using at least two kinds of power supply voltages Vccl,
Vcec2, where Vec2 is higher than Vecl. The thick-£film

MOS transistors are to be driven by powef supply

- voltage Vec2 of increased currént supplying ability

whereas the thin-film MOS transistors are by Vccl. It
can be readily seen by those skilled in the
semiconductor art that while the following embodiments
assumes use of Veccl of 1.5 volts and Vec2 of 3.3 volts,
such potential values may freely be modified insofar
as they satisfy the relation of Vcc2 > Vecl.

With the semiconductor integrated circuit device
of Fig. 22, high speed operation.is expectable sinqe
thzn-film MOS transistors are used for most of the
major units therein.

A semiconductor integrated circuit device also
embodying the invention is shown in Fig. 23. This
device is basically formed of a main circuit 2301
including logic circuits and the like, I/O circuit
2302, and standby control circuit 2303. In this
exanple the voltage Vcc2 of 3.3 volts as externally
supplied thereto is passed to a potential reduction

circuit 2304, which causes voltage Vcc2 to drop down

SI0% & ()-10% & ()- 10% & ()-
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at 1.5 volts to provide internal power supply voltage
Vecl. Potential reduction circuit 2304 may be on the
same chip substrate together with the main circuit and
others;'or'alternatively, it may be formed on a
5 separate chip. Main circuit 2301 is mostly constituted

from thin-£film MOS trahsistoré_to speed up its
operation. Potential reduction circuit 2304 mainly
consists of thick-film MOS transistors. I/0. 2302 and
staﬁdby controller 2303 include a combination or

10 "hybrid" of thin-film and thick-film MOS transistors
therein. In these circuits the thin-film MOS
transistors are driven with Vccl whereas thick-£film
ones are with Vcec2. Standby controller 2303 operates
to turn off an output of potential reduction circuit

15 2304 during standby periods in order to reduce power

- —

dissipation due to current leakage. Controller 2303
also causes an output from I/O 2302 toward main.
circuit 2301 to change at "L" level. When an input to
main circuit 2301 is at "L" whilé the power supply

20 = voltage fed thereto is at zero volts, then most nodes
within main circuit 2301 are at "L" reducing power
dissipation due to tunnel-current leakage. As can be
readily seen by those skilled in the art, wheré the
thin-film MOS transistors are low in threshold value,

25 resultant power dissipation due to flow of
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parts in the embodiment of Fig. 23. In this embodlment
two kinds of power supplies Veccl, Vcc2 are externally
- fed to the IC chip; Vecl is supplied to main circuit
2301 and others via a switch 2404 as formed of a
thick-film PMOS transistor. During standby periods,

10  standby controller 2303 causes switch 2404 to turn off
interrupting feed of power supply Vcé}. Like the
embodiment of Fig.'23,~the output of I/0 2302 to main
circuit 2301 is forced to chahge at "L" level. Switch
2404 may be on the same chip along with main circuits

15 2301-and others, or alternatively may be a discrete
power MOS transistor externally wired to the chip.
Here, switch 2404 is a thick-film MOS transistor. 1In a
similar way to that of the Fig. 23 embodiment, when an
input to main circuit 2301 potentially changes at "L"

20 while the power supply fed thereto is at 0 volts,
internal major nodes of main circuit 2301 are at "L"
reducing power dissipation due to tunnel current
leakage.

A semiconductor integrated circuit device

25 _embodying the invention is shown in Fig. 25, which is
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var%atlon in operation speed of the main circuit. In
this drawing also, like parts have the same reference

5 numerals. In this embodiment the main circuit 2501
comes with a delay monitor circuit MONL. ‘Delay monitor
circuit MON1 is for monitoring in principle a delay
time of logic circuits within main circuit 2501.
Accérdingly,'delay monitor circuit MON1 is formed

10 using thin-film MOS transistors which are the same as
those of main circuit 2501. Delay monitor circuit MON1
may be a ring oscillator, by way of example. A
potential reductioﬁ circuit 2504 is provided for
receiving voltage Vec2 to issue a potentially

15 decreased voltage Vccl, and is responsive to receipt
of—é signal from delayq;onitor circuit MON1l in main
circuit 2501, for controlling the wvalue of voltage
Veel in such a way as to compensate for deviations of
delay time of logic circuits which constitute main’

- 20 circuit 2501 due to environmen£al variations such as a
variation in process parameter during the manufacture
of maiﬁ-circuit transistors and/or in ambient
temperature. This may be attainable by use of phase-

locked loop (PLL) schemes one of which will be later

25 described in connection with Fig. 28. By way of
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circuit 2501. If this is the case, potential reduction
circuit 2504 attempts to potentially increase its

5 output voltage Vccl. Conversely, if temperature drops
deéreasing the delay time of the logic circuits of
main circuit 2501, then potential reduction circuit
2504 forces output Vccl to decrease in potential.
Whe;eby, the logic circuits forming main circuit 2501

10 may be kept constant in delay time throughout
operation.

A semiconductor integrated circuit device further

embodying the invention is shown in-Fig. 26. While in
Fig. 25 the monitor circuit MON1 is provided to

15 monitor delay time of the logic circuits constituting
th; main circuit, thisﬂ;mbodiment is arranged so that
the characteristics of MOS transistors or logic
circuits which constitute the main circuit are
measured during the reliability test procedure in the

20 manufacture of IC chips while.allowing resultant
device information to be stored in a‘memory unit 2605;
Upon receipt of a control signal issued from this
"device info" memory 2605, a potential reduction
circuit 2604 operates to determine an exact value of

25 voltage Vccl. By way of example, imagine that the
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_transistors constituting main circuit 2301 under
manufacture are greater in threshold value than
expected by circuit design. If ﬁhis is the case, store
éuch data in memor& 2605 so as to cause potential

5 reduction circuit 2604 to generate and issue a
modified or "updated" value of voltage Veel which is
greater than the initially designed value.
Alternatively, where the chip reliability test result
revéals the fact that the threshold value of the

10 transistors forming the main circuit, store
corresponding data in memory 2605 causing potential
reduction circuit 2604 to generate and issue another
updated value of voltage Vccl which is below the
initial design value. With such a scheme employed, it

15 is possible to compensate for 'fabrication deviations.
Adaitionally,'the device information to be stored in
memory 2605 may be transistor threshold value,
transistof saturation current value, or any other
equivalent parameters thereof which reflect the delay

20 time of the logic circuits constituting the main
circuit. Also; as for the storage method thereof, any
scheme may be employed. One recommendable simple
storage scheme is as follows: a method of changing the

~value of a reference voltage Vref of a potential

25 - reduction circuit shown in Fig. 27 by physical methods
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(aluminum wiring lead) by an ion beam.
“While the method of Fig. 25 hay compensate for
environmental variations such as the process
5 parameters in the manufacture of main-circuit
transistors, ambient temperatures and others, the
method of Fig. 26 may offer capability of compensating
for the process parameters in the manufacture of main-
ciréuit tranéistors only. Instead, the latter is more
10 advantageous than the former in that any area
overheads can be suppressed or minimized with simple
architecture used.
Other approaches other than those of Figs. 25 and
26 may be still available for compensating for
15 environmental variations such as the process
parameters in the manu%écture of main-circuit
transistors, ambient temperatures and others, which
approaches are also within the scope of the present
invention.
20 | One exemplary circuit configuration of the
potential reduction circuit (voltage limiter) 2304 of
' Fig. 23 for conversion of high voltage Vcc2 to low
voltage Vcecl is shown in Fig. 27. This voltage limiter

2304 is controlled in responding to a control signal

25 fed from the standby controller 2303, for turning on



"10% % ()- 110% 9% ()- Y@ 10% % ()- &z10% %& ()- Y10% %&' () -
@0% % ()-uM|[:vU410 10- 10% %& 8 -210% %&' 8 @ 1802_42' 8
9*10% &' ()- x| &2"10%"& ()- $f10% %& ()- M| [NA41010_9%0_%0_% | 9@
10% %&' ()- 710% 9% ()- 5 10% 9% ()- 3 310%%&' ()-
110% %& ()-- | [: NA41010 10%& ()- 109%& ()-  10%& ()- 310%& () -
S1098& ()- 39MLOY& ()-7P| [ NA41010 _ sm 1098& ()- | (S109& ()-
g&iéoo/;//g@'é)- 3%"0/;//%&(9_ 35 1099& ()- 'LF10%& ()- PO[|[: NA41010

- '()-  110%9&' ()- YO 1099& ()-  .z109& ()-
@' 10%8&' ()-{HvU410 0 0 710788 ()

and off transfer of voltage Vccl. This voltage limiter
handles relatively high voltages, and therefore is
principally formed of thick—film'MOS transistors. Note
however/thst'it remains permissible for a phase
5 compensation capacitor CC to.exhibit current leakage
which is.as less as several miEroamperes (na) .
IEmploying thin-film MOS transistors enables resultantr
circuitry to decrease in chip area. In particular,
capscitor CC typically ranges from several hundreds to
10 thousands of picofarads (pF) in capacitance, which in
turn serves advantageously to reduce the chip area.
Transistors forming a voltage divider circuit DIVl are
also allowed to exhibit flow of minute leakage current
on the order of several HA; even when such leakage
15 arises, MOS transistors each having a thick gate
'insulation film may be‘;mployed since this circuit
will merely act as a voltage dividing resistor.
Fig. 28 depicts a detailed configuration of the
delay monitor circuit MON1 and pstential reduction
20 - circuit 2504 shown in»Fig. 25. Delay monitor circuit
.MONl employs a ring oscillator including a chain of
CMOS inverters. This circuit défines PLL circuitry. A
frequency-phase comparatsr PFD is cdnnected foxr
comparing the oscillation frequency of delay monitor

25  circuit MONI with a clock signal fl1 fed to the main
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3/"10% % & ()- circuit CP through level converters LC3. outpd£ of
charge pump CP is sent forth through a low-pass filter
LPF to be issued at an output as the reference voltage

5 Vref, based on which the voltage Veccl will be produced
in conformity with a clock signal fl. Here, ring
oscillator MON1l and comparator PFD are formed of thin-
£ilm MOS transistors. Charge pump CP employs thick-
£ilm MOS transistors since it uses voltage Vcc2 as its

10 : bower.supply. Rendering the main circuit operative in
synchronism with clock signal fl may enable it to
operate with an appropriate power supply voltage as
maximally optimized to the clock frequency thereof.

Fig. 29 shows another exemplary configuration of

15 the delay monitor and potential reduction circuits of
Fig. 28. The circuitr§-of Fig. 29 is similar in basic
configuration to that of Fig. 28 with the power supply
Veel fed to the main circuit being separated from a
power supply Vcc3 as fed to the delay monitor circuit.

20 Voltages Vccl, Vce3 are inherently identical in
potential to each other; however, Veccl can experience
mixture of noises from the main circuit. 1In this
respect, in order to suppress adverse influence of the

Vecl noises upon the delay monitor circuit, the power

25 supply Vecc3 for the delay monitor circuit is
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_Fig. 30 illustrates an e mplar§'¢@ﬁ%£§uratlon of
the I/0s 2202, 2302 of Figs. 22-26. This drawing shows
5 one-bit part only. The I/O handles in-chip signals and
external signals via an I/0 terminal pad PAD. When SEL
is at "L" level, PAD acts as an input terminal; when
SEL is at "H," PAD acts as an output terminal. A level
converter LCl is responsive to receipt of a control
10 signal STB issued from standby controllers 2206, 2303
(see Figs. 22-26); when STB is at "L" then converter
LC1l converts a signal with the amplitude of Vccl into
a signal of an increased amplitude of Vec2, which is
sent forth from output terminal PAD. Accordingly,

15 certain thick-£film MOS transistors connected between

—

level converter LCl an I/O terminal PAD are formed of
thick-film MOS transistors. Here, a signal PULL is
input to$the gate of a pull-up PMOS transistor in such
va way that when pullup is required, the signal

20 potentially falls at "L" level permitting execution of
pullup operation by such PMOS transistor. This PMOS
tranéistor is a thick-film transistor. During standby
periods of the IC chip shown, the standby control
signal STB potentially rises at "H" causing level

25  converter LCl to hold or retain the last potential
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On the input side, an inverter consisting of a

5 pair of MOS transistors 4004P, 4004N receive an
externally supplied input signal with amplitude of
Vee2 for conversion to a signal having the amplitude
equivalent to Vccl. Accordingly, these two transistors
hanéling such level-converted signal are fbrmed of

10 thick-film MOS transistors. During standby periods any
signal from I/O terminal PAD is cut off by a PMOS
transistor 4015P2 forcing an input signal IN to be
potentially fixed at "L." -

Resistors R1-R2, diodes 4002D1-4002D2, transistor

15 4014N are‘connected forming an’input protector circuit.
Additionally, diodes 4002D1, 4002D2 may be formed of
MOS transistors. Those MOS transistors included in
this input protector are high—vbltage thick-£film MOS
transistors.

20 Fig. 31 shows one practical configuration of the
level hold and level converter circuit LCl of Fig. 30.
Level holder circuit 3101 is responsive to standby
control signal STB for potentially holding a signal of
Vecel amplitude; thereafter, the resulting signal is

25 converted by level converter 3102 into a signal of
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Fig. 32 shows another practical configuration of
the level hold and level converter circuit LCl of Fig.
30. In this embodiment the standby control signal STB
5 is supplied at a midway node between a level holder
3201 and level converter 3202. Level holder 3201 is
placed at a location near the output side as looked at
from converter 3202, for potentially holding a
con&erted signal with the Vcc2 amplitude.

10 Upon comparing the embodiments of Figs. 31 and 32,
it may be appreciated by experts in the art that these
are functionally identical to each other in performing
level conversion of a small amplitude (Vccl) signal
into an increased amplitude (Vcc2) signal and in

15 continuing output of the last potential value after
siénal STB changes at ;ﬁ“ level. Note here that the
former is more advantageous then the latter in that

_necessary chip area remains less.
Fig. 33 shows one exemplary configuration of the

20 standby controllers 2206, 2303 (see Figs. 22-26). The
circuitry shown receives an input signal STBIN (Vccl
amplitude) from the main circuits 2202, 2301 or the
like and generates by level conversion an inverted

_output signal /STB. This circuitry is not under strict

25 - high-speed requirements, and thus is mostly formed of
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of leakage current, except that certain portions of it
handing signals of Vccl amplitude employ thin-film MOS
transistors (as enclosed by ellipse templates to

5 distinguish them from the others). In light of the
fact that an associated circuit for issuing the STBIN
. signal can also be in the wait or standby state in
response to the STB signal, the circuitry of Fig. 33
prebents the STBIN signal from becoming unstable
10 . during standby periods by causing transistors 3301,
3302 to latch the STB output for retainment of its
potential level.
A microcomputer system eﬁbodying the invention is
shown in Fig. 34. Due to significance of data storage
15 capacity that accompanies with the gate leakage |
prablem, a EOmmand/insE}uction cache register 3402 and
memory cells 3403, 3404’employ thick-£ilm MOS
transistors. If attaining high-speed characteristics
is more important than power dissipation reduction
20 then certain elements under such high speed
requiremeﬁts are formed of thin-film MOS transistors
providing a hierarchical memory structure. Likewise,
TLBs (included in blocks 3410, 3411) and register
files (in blocks 3405, 3406)‘are mostly comprised of

25 thin-£ilm MOS transistors reducing power dissipation
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therein.

The microprocessor of Fig. 34 also includes
instruction issuance unit 3412, general—purpose
register 3405, floating point register 3405, integer

5 arithmetic unit 3407, floating‘point arithmetic unit
3408, and load/store unit 3409, which are formed of
thin-film MOS transistors in view of the fact that
they are under high-speed requirements but negligible
in affection of powei dissipation as long as capacity

10 remains smailer.‘ Standby controller 3413 and I/O 3414
may be similar to those discussed supra.

Fig. 35 shows a cross-sectional device structure
of the I/0 unit shown in Fig. 30. In this drawing the
part designated by reference character "A" is an input

15 protector circuit whereas part "B" is an I/0 circuit,
which contains therein a level converter circuit.

An n-type silicon substrate 4006 has a p-type well
4007P and n-type well 4007N with an element separation
region 4008 being provided thereoh. Impurity-doped

20 layers 4010P1, 4009P1; 4009P, 4010N1 are provided as
the source and drain regions of an input protection
MOS transistor pMOSL. R1 and R2 are resistive
elements; 4004P1; 4004P2, 4000N2, 4000P2, 4004N1 and
' 4004N2 are the source and drain regions of level

25 conversion MOS transistors; 4004N4, 4004pP4 are the
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gate electrodes of MOS ﬁrénsistors 4004P, 4004N.
4004N3, 4004P3 are the gate insulation films of MOS
transistors 4004P, 4004N. A wire lead 4013 is for
supplying the power supply through contact hole 4012.

5 Here, the level converter in the I/O circuit area
employs thick-film MOS transistors 4004P3, 4004N3. The
remaining arrangement is éimilar to that shown in Fig.
4.

'Figs.b36'through 42 show some exemplary
10 . configurations of a mask ROM. Typically, mask ROMs are
designed to store binary data either by causing
| electrical charge as precharged on a bit line to
discharge at ground potential of by forcing such
precharged charge to be held thereon at a specified
15 high potential.

B Fig. 36 is a functional block diagram of a NOR
type mask ROM which employs the diffusion-layer
programming scheme. A word decoder 3604 is connected
to receive.N sets of row addresses and M sets of

20 . column addresses (where N and M are predefined
integers) for selection of a single address (with one
memory cell as a unit). A word driver 3602 is
responsive to an output of word decoder 3604 for
driving the memory cell with selected address. Note

25 that since memory cells here are formed of thick-film
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itude is set at a higher potentlal (Vec2) .

Accordingly, word driver 3602 employs thick-film MOS

transistors applied with the voltage of an increased

amplitude while causing address signals of decreased.
potential amplitude (Veccl) as normally fed from an
associative CPU to be coupled to word driver 3602
after conversion of such Vecl signals into Vec2
sighals at the level converter. Word decoder 3604
handling small-amplitude signals employs thin-film MOS
transistors. A memory cell array 3601 includes a
predefined number of rows and columns of memory cells
employing thick-film MOS transistors because of the
fact that if otherwise these cells were formed of
thin-film transistors then unwanted leakage current
could flow via associated word lines, where a maximal
amount of such leakage current may be defined by the
number of cells operatively associated with one bit
line multiplied by gate leakage current per cell. Use
of thick-film transistors for cells allows the memory
cells associated with on bit‘line>to increase in
numbef, which in turn permits enhancement of
advantages of the invention with an increase in data
storage capacity of memory array 3601. If memory array

3601 were arranged using thin-film transistors then
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non-selected s could cause flow of leakage current
adversely behaving to impose noise mixture on bit
lines, which results in a decreése in signal-to-noise
(S/N) ratio while incfeasing the risk of occurrence of
malfunction. A level converter 3603, sense amplifier
3605 and standby controller 3606 may contain both
thin-film and thiék—film MOS transistors.

In ﬁhe mask ROM of Fig. 36, certain memory cell
MYNOO for storage of a logic "1" data bit comes with
no transistors. In other words, the "1" storage cell
does not have any diffusion layer. When one word line
W12 goes high ("H") in potential, its associated cell

MMN1l turns on causing bit line BL1-to drop down at

"I, level. In this situation the data "0" storage cell

'MMN11l constitutes.a transistor which will not go low

even when word line WlI-goes high.

Fig. 37 shows a NOR mask-ROM employing the ion
implantation programming scheme. This mask-ROM is
similar to that of Fig. 36 with the memory cell array
being slightly modified in configuration. On occasions
where word iines W21, W22 potentially go high, the
turn-on/off control of cell transistofs is controlled
based on the threshold value Vth of each MOS
transistor.

Fig. 38 is a cross-sectional view of one memory
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&0 'cell of Fig. 37. The logic level of stored data is
determined by verifying whether a corresponding MOS
transistors turns on or off wheﬁ its associated word
line is selected. The word line is equivalent in
5 potential to an output signal of word driver 3602;
‘hence, it is Vecc2 (>Vecl) in this case. Accordingly,
the terminology "high threshold value Vth" refers to
Vth > Vec2. In the case of low Vth, the relation Vth <
Vec2 is established since it is sufficient for MOS
10 transistor to turn on. In this embodiment a diffusion
iayer for reduction of Vth is provided beneath the
gate insulation film of a MOS transistor coupled to
word line W21.
Fig. 39 shows a NOR mask-ROM employing the
15 contact-hole programming scheme. This ROM is similar
to‘that of Fig. 36 with the memory cell array being
slightly modified in configuration. MOS transistors
MMN31l, MMN32 are of similar arrangement but of
different operation such that each controls the "H"
20 and "L" of an output depending upon whether it is
connected to bit line BL3.
Fig. 40 shows a cross-section of major part of one
memory cell of the array of Fig. 39. As shown, the

‘right-hand side MOS transistor is'not connected to bit

25 line BL3.
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implantation programming scheme. This ROM is similar
to that of Fig. 36 with its memory cell array 4101
being slightly modified in.configuration. MOS

5 transistors constitute a cell block. A storage data
bit is definable in légic value--"1" or "0"--depending
upon whether these MOS transistors are of the positive
polarity in threshold value (enhancement type) or of
negétive polarity (deletion type). In this embodiment

10 a MOS transistor MMN4n is of the depletion type. When
one selected‘wofd line BS4 potentially goes high, a
block-select transistor BSMN4 turn 6n. Simultaneously,
any one of the word lines associated with this block
is selected to go low in potential.- Suppose a word

15 line W4n is selected. In this block cell a current
ruéhes to fiow allowiné.the 'I,* level signal to be
output via block-select transistor BSMN4.

Fig. 42 illustrates a cross-section of main part

of the meﬁory cell of Fig. 41. Like elements have the

20 'same reference characters. |

While the principles of the invention are

applicable to several types of mask-ROMs as discussed
above, it will be readily seen by experts that the
current leakage reduction effect of the invention will

25 be maximized when applied to NOR type memory devices
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A DRAM device also embodying the invention is
. shown in Fig. 43. This DRAM includes an I/O circuit
4311, standby controller 4306 and word driver 4312,
mos£ portions of which are formed of thick-film MOS
10 t;ansistors and which are designed to operate with
powef supply voltages Vecc2, Vpp that are'higher’than
'Veel. A respective one of transistors within a memory
array 4301 employs a thick-film MOS transistor in
order to prevent electrical charge from leaking out of
15 an associated data storage capacitor. For drive of
. meﬂory—cell thick—film‘iransistors, word lines W are
arranged to carry and handle large amplitude voltage
signals. 1In this case, for purposes of elimination of
currentfleakage from capacitors dtherwise occurrable
20 in prior known DRAMs,‘it is recommendable that memory
vcell transistérs be of high threshold voltage.
Decoders 4313, 4318 and addréss buffers 4315-4316
handling small amplitude signals are formed of thin-
film MOS transistors for drive by the low voltage Vccl,

25 supra. A sense amplifier 4305 consists of a
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transistors.
Input circuit 4311 receives at its input an
address signal Ai which is as great as Vcc2 in
5 amplitude. This input signal is level-converted into a
small Veccl amplitude signal, which is then passed to
address buffers 4315-4316 and decoders 4313, 4318. In
view of this, the input circuit preferably employs
‘thiék—film MOS transistors at its certain part in the
10 -prestage of such level conversion to Vecl. For the
~ same reason an output circuit 4320 employs thick-film
MOS transistors. The DRAM shown is simiiar to the
previous embodiments in that thick-film MOS
transistors are for use in controlling the power
15 supply(ies) as fed to the thin-film MOS transistors in
address buffers 4315-4316 and decoders 4313, 4318.
Although not visible in Fig. 43, row decoder 4313
contains therein a level converter for converting the
Vecel amplitude signal into an amplitude-increased
20 signal (Vpp) which is then supplied to word driver
4321. |
In this embodiment the voltage Vcc2 is set at 3.3
volts; Vecl is 1.8 volts; Vpp is 3.6 volts; and, VDD

is ‘1.5 volts. These voltages may be externally given

25 or alternatively be internally prepared using an on-
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10% %& () sense amplifier 4305 of Fig. 43. This sense amplifier
includes a pair of parallel bit lines B, /B, which are
5 precharged at VDD1/2 by a precharge circuit PC during
standby periods. Sense-amplifier drive lines NCS, PCS
are at VDD1/2 level. Accordingly, the sources, drains
and gates of transistors TPll, TPl2, TNll, TN12
conétituting'one sense amplifier unit SA are all at
10 the same potential level so that neither subthreshold
leakage current nor tunnel leakage current flows
therein. Thus, these are formed of thin-£ilm MOS
transistors enabling sense operations to increase in
speed.
15 A precharge signal PCB is at high potential
(>vDD1/2) during standﬁ;. Hence, transistors MN11-MN13
constituting the precharge circuit are specific MOS
transistors each having a thick gate insulation f£ilm
eliminating tunnel current leakage. These are not
20 required to be of the high threshold value since the
source and drain of each transistor is kept identical
in potential.
Transistors MN14-MN15 forming an I/0 gate ¥YG are

also thick-film MOS transistors. This is in view of

25 the fact that these transistors receive at their gates
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an output ¥S of an associative column decoder and are
set at ground potential during standby periods.
Fig. 45 shows a detailed configuration of the
sense amplifier circuit 4305. Input signals thereto
S involve address signals Ai, Aj and a timing signal ¢.
In currently available standard memory devices, since
the memory array is subdivided into portions called
the "subarrays," certain address signal (normally,
sevéral upper bits of those of a row address signal
10 used) is required to render operative only sense
amplifier units associated with a selected subarray. A
NAND gate NAl and inverters IV1-IV2 employ thin-film
MOS transistors. During standby, the Ai, Aj, ¢ signals
are at "L" level and signal SAN is also at "L" while
15 SAP is at "H"; accordingly, switches are inserted
begween the Vecl line éhd the power supply nodes of -
NAND gate NAl and inverter IV2 as well as between the
ground node of inverter IV2 and ground, for selective
interruption of power feed during standby in order to
20 eliminate tunnel current leakage. Level hold circuits
LH1l, LH2 are provided for maintaining the potential
levels of signals SAN, SAP.
Precharge circuits NCS, PCS employ thick-£film MOS

transistors. Drive transistors MN20, MP20 make use of

25 thick-film MOS transistors. This is to prevent flow of
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_ leakage current between the sources, drains and gates
of these transistors which are at different potential
-levels during standby. |
Fig. 46 shows éne exemplary configuration of the
main amplifier 4309 of Fig. 43. As shown, this main-
amplifier consists of a combination of two
differential amplifier stages MAl, MA2, which employ
thin-film MOS transistors to speed up amplification
opeéation. This is in light of the fact that no
current leakage can occur because a precharge circuit
(not shown) forces amplifier input signals DO, /D0 and
first stage output signals D1, /Dl moreover second
stage output signéls D2, /D2 to be kept at "H" level
during standby periods. On the contrary, activation

tfansistors MN31-32 are formed of thick-film MOS

-~

transistors preventing current from leaking into a
node coupled to voltage VSS.

A SRAM further embodying the invention is shown in
Fig. 47. The SRAM shown is similar in circuit
configuration to the ROM and DRAM devices as discussed
previously except that the structure of its memory
array 4701 is distinguishable thereover. Memory array
4701 basically employs therein flipflop circuits which
~are formed of thick-film MOS. transistors.

Of those transistors constituting memory array
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4701, at least data transfer»trangistors {also called.
the "access transistors") are to be formed of thick-
filiM transistors because of theAfact that if otherwise
these were formed of thin-film transistors then
5 unwanted leakage current could flow via associated
word lines into bit lines, where a maximal amount of
such leakage current may be defined by the number of
cells coupled to one bit line multiplied by gate
-leakage current per cell, thereby causing flow of
10  leakage currents adversely behaving to induce noise
mixture on bit lines resulting in a decrease in S/N
ratio. Gate leakage current of the remaining
transistors other than such transfer transistors is
devoted to an increase in power dissipation only;

15 therefore, unless power dissipation is so important,
th;se may be thin—film“ﬁos transistors. The greater
the number of memory cells connected to one bit line,
i.e. the data storage capacity of memory, the greater
the significance of the advantages of this invention.

20 The same goes with the transfer-transistor
threshold value also. If the transfer transistors were
less in threshold magnitude then ﬁndesired leakage
current could flow into bit lines, where a maximal

amount of such leakage current may be given by the

25 * number of cells coupled to one bit line multiplied by
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source-to-drain subthreshold leakage current of

transfer transistor per cell. This adversely serves to

induce noises on bit lines causihg S/N ratio to

decrease. 'To eliminate this, the transfer transistors

5 are increased in threshold value. This is attainable

by adequate adjustment‘of an amount of impurity as

implanted into the channels of such transfer

transistors; or alternatively, the same may be

attéined by designing them so that the gate length is

10 somewhat increased.

Fig. 48 shows an exemplary configuration of the
word decoder 4704, word driver 4702 and level
converter 4703. Word decoder 4704 receives at its
input smali—amplitude signals, and thus is formed of

15 thick-film MOS transistors while further including a
thick—film MOS transistor MN1l for interruption of
gate leakage current during standby. Word lines
including one WL of Fig. 48 are driven with large-
amplitude signals so that word driver 4702 is‘designed

20 to operate with the power supply voltage Vcc2 with a
level converter 4703 being inserted between word
decoder 4704 and driver 4702. Level converter 4703 is
for potential level converéion from a small-amplitude

- to a large-amplitude signal, and thus employs thick-

25 film transistors at its main part. This is generally
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word line WL to be potentially held at "L" level (zero
volts). This may prevent current from leaking into a
bit-line(s) out of a memory cell(s) during standby:

10 : | The word decoder 4704, word driver 4702 and level
converter 4703 may be basically similar in
configuration to those used in thé SRAM and DRAM
devices stated supra.

Fig. 49 shows a detailed configuration'for

15 practical use of a sense amplifier/write circuit 4705
of—Fig. 43. The bit—li;e potential does not affect
data storage so that power supply Vccl may be off
during standby. This sense amplifier/write circuit
employs thin-film MOS transistors.

20 Industrial Useability

With the foregoing semiconductor integrated
circuit devices in accordance with the present
invention, significant practical advantages are
attainable with regard to the fact that it is possible

25 to reduce power dissipation during standby periods
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without having to slow the circuit operation.



