; e3eppgwxy66TVL2 0 F E 8 2003 _ , TI TLE OF THE | NVENTI ON SEM CONDUCTOR
| NTEGRATED CI RCUI T DEVI CE Technical Field The present invention ;gﬁggqm;
generally to 5 sem conductor integrated circuit (1C) devices configured
usi ng. netal oxide sem conductor (MOS) transistors, and nore particularly

p
to a sem conductor |C device which enploys specific MOS tranmmmmmmmwmmmM|a
gate insulation filmthin enough to petmt-flow of 10 tunnel

therein and which is adaptable for use with | ow power circuitry agegsabl e
with low voltages of 2 volts or |ess. Background Art One prior known

sem conductor integrated circuit 15 device enploying highly mwwm [

MOS transistors fabricated by m croel ectronics fabrication t Wmmwmmmm

di scl osed, for exanple, in a paper entitled "Limtation of CM3S ...

Suppl y- Vol t age Scﬁl%ﬂgcﬁﬁ FE%&%@#gégold-Vbltage Vari ation," 198%%cust om

Integrated 20 G r b f nt , pp. 267-270. This paper also

teaches the correlati nsi e a rsus flow of
8By oLk BEChORN iR ERRARRRCRBRL §rhabHETHE

| eakage current during standby peri clhosure 0 nvention 25
Currently avail abl e stapgdatd ;ER@gnsistors are 2 0FEB 2003 - 2
typically designed to operatgwﬁfﬁh a gate voltage of from1l.8 to 2.5 volts

(so-called the "gate-tReSgUESENLVOhi-ad@ 1WAl ¢B1ESBOLRRELY1EGULYAl ent to the
power supply voltage) while making use of a gate insulation
5 semiconductor 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 from5 to 6 nanoneters (nm in thickness. Generalléz gEBtZd'ﬁ?
integration density of MOS transistors increases) the transistor 'g
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
transistors operable with a gate voltageyof 2 volts or |ess while reducing
the thickness of gate insulation filmdowm at 4 nmor |ess. 15 Principally,
it may be considered that the operation speed of MOS transistors renains
inversely proportional to the gate insulation filmthickness
decreases--that is, as this thickness decreases, the MJS transistor speed

i ncreases. However, this does not 20 conme w thout acconpanying a
"trade-of f" penalty:., W the MOS.gate insulatiop film becones_too thinner,
2 L innel cur fent. UG TBLTY GAPRLSTHEL £ HPBRUACS THE 2 AroT S TR LHASarT

Sour ce-0- gat e CUFFRRLLof 38t A1 TEL6E QLY e Bt BNt bt SR T nHRT ERETSE Hoes
never 2 0 E E B3003.s s take. Bhagk, 11y SLagiol flodDS  Tegl skpLs. Such

increase in tunn eakage current 1n tu ads to an 1 ncrease 1 n power

di ssipation of ME.biepsystoise fuphife ShaRdly Besiofsa et eoinsd taifis,

description such dielectric 5 | ms permtting tunnel current | eakage will

be referred to asfifie radfgingdiemi Hstd abiQandmétersi kew Sen €RldAaesHOS
transi stors enploying such dielectric filmwll be called the "thin-filnt

MOS transi stors heeserailer.aénthéeivoedrat yon sdemslhry MMOMAH transi stors
in which such tunnel |eakage current does not floww |l be referred to as
the "thick-filnl MBnsisperstioncredses) tunmetransisher | shkagdecpeaieem has
been al so discussed_in the nonthly journal titled "Sem conductor Wrld,"
July 1995 at pp. 8odouhe 1thigkpesdinefethe Iate irsebapt@tefii®i| ent about
any ideas for sol mechani sm of an increase igﬁpo &

ing thi bl
di ssi pation duri né‘lag %?1%%?5/ gﬁr;%’{ {T’It‘% el THE ARASSHY I1EH S
isely i i i i th hs, shown_in 20 Fig. 10. Fi g.
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concerni ng t he I"Q_}L{Il \s/}[)%(%@g’g?\é\?%éugf g@i_&&lr&ﬁq %ﬁ?klil%{a?éi&%d)%tl CsS O one

thick-film MOS transi rng 25 experinen a inthis graph

assumes that its gaigs:sols FofeBarPO3%itH a 0fdde 41 MRIRASHTESyolts or

approximately 6 nmin thickness. Since the oxide film enployed hereinis
thick enough to readerwRend i sedheinderhenmel ckeakaoet gteninyfiLhigran flow

bet ween the gate and source or between the
film down at 4 nm or less.

15 Principally, it may 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 begins flowing therethrough. This can
result in an increase in leakage current (tunnel

leakage current), such as a source-to-gate current or

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



5 gate and drain. See Fig. 10(b), which presents the drain 70 FEB 2003
vol tage/drai n-current characteristics of a thin-filmMJS transistor. This
assunmes that a gate oxide filmused is 3.5 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-negligibte-anount 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 mllianperes (m\) or nore or |ess was
derived when the gate voltage is 2.0 volts. In conplenmentary MOS ( CMOS)
circuity configured using thick-filmMOS transistors, since gate |eakage 20
current renmains negligible in amount, any constant current (DC current)

wi |l by no means {%EM/i sof ar_as ent i s, absent ween the

. e a tlegka e%ﬁgéﬁ is &gﬁ ol
source” and drai n. tRe®eont Par y2AFt EPPRUPEPES enpl OYF it THTHTT | m
MOS transistors) Qﬁtwﬁéﬁ%@tagggﬁgg%ggﬁrgQﬁé iﬁog‘}ng—'—} §8a£}EQEoCQHSEH?%3§HUem

(DC current) flows accordingly. i S neans some

power di ssi pation; arhsheredeBsYBEE CohNEs Clib8ULEEN sk StbPOPNALhY st DRELFT T
11, which shows the relation of the thickness of gate insulation film
versus gate | eakagerbog&yr teatecEVenhaie tdes Gl Vi tadeh ididlle iz 3
volts or around it, if the gate insulation filmis 6 nmor greater in

t hi ckness, then afiylmespetmabttingnelngel rentrestnl aakhgenvess be practi cal
applications. On the other hand, it nmay be seen by those skilled in the 10
art that even if réfeyued vol aagehes"pbirhtgateyinsciensed fdlmange from 2

to 1.5 volts which may be |ower than ever, the |eakage current will no
| onger remai n neglieBieei n"canfdinudes oreanaiseers hemphpxkngssueh gate
i nsul ati on fiIn1E§_reduced at. 15 apfroxinately 3 nm Presunably, if the
gate voltage is XVolEStHIC bt &Morfiibske FREREE NEDBOURERRYERAPSIMOGt a 4-nm

f te i | ati filmthick dit. A di h
{enchi ngs of t he. SETTORHUET oPeYBT 10 GOE LS ) HA. SRISHEON (UIMIAr DA hat

the 20 funng} offectol 0 QUANT U LREGEYo(oken Bhabe Wkl 8 SuamORtGoee

insulation Tilmpoin erng as e criticall 'S unen

o) 5] S Ko PRl ALETL CAOERU 001 0Lty DSBS s
range of from3 tordhSisRrdS e D& SRRAN current leakage" problem has
been also discussed in the monthly journal titled
"Semiconductor World," July 1995 at pp. 80-94;
15 unfortunately, this is completely silent about any
ideas for solving 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



2 0 FEB 2003 - 6 fromthe graph of Fig. 11, while the gate voltage {@rds$ 2003
to be lowered for reduction in power dissipation; even in this situation,
when the gate insulation filmbeconmes thinner to decrease from2.9 5to 2.0
nmin thickness, |arge | eakage current begins flow ng even upon application
of a gate voltage of 1 volt or below. Additionally) it is currently

presuned that a mniml thickness of gatge insulation filns capabl e of
retaining the nature of silicon oxide is 10 about 10 angstrons. Anot her
approach is known whi ch suppresses a sub threshold source-to-drain | eakage
current by potentially raising the threshold value of MOS transistors.
However, even with use of such approach, 15 it stays inpossible in
principle to reduce standby power dissipation due to the flow of
source-to-gate tunpel _current. Wiile th age_current. I
current) m ght beoﬁhﬁgrgiéﬂt?ﬁ?s%ﬁe?n%? Egg%gakﬁgﬁtﬁi%ﬁn%ésp% é%%gggte

insul ation films to,rgduge ékfagbfig@ggxgpggs?gapﬁ&ggaifg/owf@k Libsgrloes

not come w t hout acconpanyi ng a pen I SCUSS supra, if such MOS

transistors are eppl pygdefOheGl{SbiE YehBCPURRET 2l QK. FOEEG HELE 6RSESH
making it inpossible or at 25 | east greatly difficult to attain any desired

2 0 F E B 2003 peshormsncBetwéeh Sthoester nansobiestonfbéhive o eorat
invention to provide a sem conductor integrated circuit device capabl e of

reduci ng st andby gpawveragdsd&rpmhi on without 5 having to degrading circuit
operation speed. In order to attain the foregoing object, the invention
provi des a | ow power/ BeghFperf P tahcewbaahcpndaendbs theegraird circuit

devi ce by selective_use-of different kinds of MOS transistors including 10
thick-film MOS t repkFagesdraba-¢RIFreRt | PRME-EPRRSFEEDrel ahErerniibe

former is negligible in flow of tunnel |eakage current whereas the |atter
i s capabl e of opef@fi hHRREIRFGH: sgerds aﬁrﬁurn@sactg'@ﬁpé‘nﬁarﬁf RS S riridim

curren | eakase BLOBACIL 1516 EOLAERCHL D ABEPUATE LR S
el uding o he satl sypekobecRabi by Py AAEO R AP Jepslator
source 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 or between the drain and gate. The sem conductor integrated circuit
device is configured to have main circuitry constituted fromat |east( &6pg 2003
MOS transistor of the plurality of kinds of MOS transistors being greater
in | eakage current, and control circuitry 25 inserted between the main
circuitry and at | east one 2 0F EB 2003 _8 of tw power supplies and
conprised of at |east one MOS transistorg less in | eakage current. It should
be noted that intended high-speed characteristics may be successfully
acconpl i shed by 5 designing the MOS transistors such that the gate
insulation filmneasures 3.5 nmor less in thickness: Also, rendering it
thinner at 3.0 nmand further thinner at 2.0 nmor |ess nay enable the
operation speed to further increase. Fbmever as the operation 10 speed

i ncreases, tunnel Ieagg_e curreBt wi || Wi_se increase i.n gnltude In

view of this, it ir abPes tﬁﬁ?thE REoSORANEPYEE: C16F L PRGUERd

| eakage current he.specificall lL.oyed for..interruption i nterception

of a gt andby vol tagesg“a‘)s eveibm%gfm&%/ﬁelrfé“t% S |1pmo[§>5§68:|;ar%| st org

I nt ended advant ages tﬁriuffl m%r}/ sﬁﬁév?é %G.Lrh%::t ﬁ?é"’er supply
S

i ntercept MOS transistor asur’e nmor greater in 1 ¢ ness; if extra
hi gh speed requi reRAS A & Y tld e‘l‘:‘isfuﬁ%t"’./%%ﬁ F1AGH Gl o %_I_Q:reaqtéw&‘;a'ge' t may
be 20 permi ssible for themto neasure .0 nmor greater. ese

transi storssnmay Q@r&@mmctusedntaheﬁfeheaaxtéesbnedgehagagteal§blssv9yts
suitably designing the thickness of gate insulation filmor changing either

carrier density or dirstndodtd,on fattHeheyagat e rshdeitiote fidm drsaien nan@dior
source el ectrode. Generally, increasing 2 0FEBZ2003 g _the gate

i nsul ation fil m oeekess s or éduiickaestshatthelre agiat e dserigienti namesde i n val ue
accordingly. In regard to the mcroel ectronics fabrication process, the
characteristic cGNEFERtor eAG1mst ﬁéﬁfﬂlw Snb@@@@laé‘éuﬁﬁpél\méﬁopﬁe t
ki nds of--nanely, thin filmand thick-film-MXS_ transistors._ar

manuf act ured suckPEn&Eheke PGRCe ﬂﬁsﬁpaiF@hsﬁQQﬂ?yaﬁéoéétékéﬂééﬁréée§he

th f f d t t E |

FecomendatPe t har S NPEE FYeGais REuRaHeoN FHPHE B8 POFREELAIS o
formation of thlgeg%%gﬁogsgla& gont#%ﬁ Qe%%UEe onoahe f g%htg%%}%he | atter

is difficult tha rmer in of pracéss paraneters

fabrication. In @@@b&'@ﬂan‘%v%@se§hgh§%%k§%%hch%@eFEnQﬁqu MC§055@95|stors

are 15 formed separately, formng a protective dielectric filmon resultant
gate el ectrode | gyeniAByegNabliel1sURRr A8k Sht@l BEtkentdk occurrence of

gat eel ectrode degradati on ot herw se occurring due to execution of
succeedi ng proceskéskng@sl bfshatiediheunatédnhéient A8t redutled aen conduct or
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



integrated circuit device in accordance with the instant invention, t A8 FEB 2003
thin-filmMOS transistors are preferably selected for use with specific
circuitry parts under strict requirenents of high-speed 25 characteristics,
including, but not limted to, 2 0 FEB 2003 - 10 information signal
processor circuits, such as logic function units (logic circuits such as
NAND gates, NOR gates and the like) as lgui-lt in central -processing units
(CPUs), latch circuits, high-speed nenory cell 5 arrays, and others. In
contrast, switch elements for interruption of power supply during standby
peri ods of these thin-filmMOS transistors may be configured using
thick-filmMOS transistors,. which function as the power-supply 10

intersect transistors. Also, any circuitry parts w thout high-speed

requi renents as | | circuits er stri equihre ts_of .high voltage

wi t hstand char ac\t%grﬁn%tatﬁlces gr%ﬁprbé’éé%dﬂﬁ 'galrléd ﬁ‘léau::éﬁlet %i%c ¢ V%lr%

transistors. M I | t 'ggﬂf equi s such as static
random access ngﬁ%¥§ﬁ%§kiﬁg 4%%%%#%: NP%%@%&?fﬁ%ggk&ﬁggﬁfonly menory
(mask ROM) are ong SxaEi&n Priit tin/ & ild GUituat i, | iRk et d gady evention
of gate-insulation filmdielectric breakdown is another exanple.

Preferably, 20 thessleftildie filintkdddnBsVEh innisitet et rwaiseh falm ©2q gbe
applied with high voltages cone with a specifically designed source/drain
structure--that it 2eltecin iin fulelcknedsgx dtarge Jteakeaigwr evrrenitdbeginsut not
limted to, a lightly-doped drain (LDD) structure. 25 It should be al so
noted that in casdéowimer evdne upch GHEER c2003n of] a gatiec medtreiger cifntlegr at ed
circuit device of the invention is arranged as an IC chip, it will be '
reconmrendabl e t hateld ey &ieleshvePEaitéPpadly  f 6F pot ERFFartl¥vereswneer si on

of electrical signals be 5 built therein in order to "absorb",%ny possi bl e
di fferences in pothétt Paliewal 5 S OImigRG SsiLGFAL e tEon e 18Ki p and

! POt PaPifipell RS oG SHgins o fé e p
el Pabi 11 Uy ¢ hat AR (om O8 3% b B0 Softh GyeacER CBYCR AoL0

circuit pant, for éﬁ%ﬁ@‘fd“%%géy}oﬂ%te”tia' external signals whereas
thin-film transistors in rémaining circuit part for handling

rel atively | ow potential.yjdpt %rt%ﬁéo&{h i R wH iR Sipp e SRR K gel |'s
configured using thick-film

threshold source-to-drain leakage current by

potentially raising the threshold value of MOS
transistors. However, even with use of such approach,
15 it stays impossible in principle to reduce standby
power dissipation due td 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 to 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



15 transistors may functionally include at |east one of register files,
cash menories translation | ook-aside buffers (TLBs), and DRAM cel | &;0 FEB 2003
this is the case, it is preferable that the nmenory cells are arranged to
store therein data during standby periods. The 20 invention however should
not be limted exclusively thereto and may alternatively be nodified such
that these include first kinds of nenory’ cells of high access rate and
second kind of ones |lower in access rate than the forner, wherein the MOS
transistors 25 constituting the first nmenory cells are greater in 2 0FE
B ?003 - 12 |eakage current than those form ng the second nenory cells. It
shoul d further be noted that upon interruption of the power supply of the
thin-filmMOS transistors 5 by the power supply intercept transistor(s), it
i's possible by proyigl evel hold circuit--this may be configured using
thin-filmMOS tréﬂ%%é&%ﬁéﬁé%ﬁ' retaining or holding the |ast potential |evel
of an output of |ogicrei{SuthePPLERE! 48! ¥ybRESOCHAL €He 1PrE b €M hent on

el imnate any adverse influence or affection by power supply intercept of
the thin-film M&d rarsiisdeors. sdiad @tidd tyor sirtedeaedd hol tbwi v addtiday be
formed of one or nore thick-film MOS transistors less in | eakage current
magni t ude. 15 Thecdprbikd id i MdRid e ss sddisy gsovesmp| diyest pat e oriddes Wi t h
the principles of the invention nay advantageously serve to reduce power

di ssi pati on 5si gnitacing |50 Sedradinaptirerior openayicaptspred power feed
during standby periods in light of the fact that 20 | eakage current can

i ncrease in magni t udel®verESher® 2RHe3E t BRR- FOYAIRERST t PRIRF St oF R ar e

designed to operate with extra | ow gate voltage below 2 volts) such as 0.8
Vol ts or 1.2 vol LSRG SROMHES iy Yoy RAVESAMEE PO BAISapl y, ¢ hat

the | eakage curr entniiicr&{ 6}:S’ceodr %e%%%tg%{iéq%yuzl%??’dévil?’ey By asnes.l,irescf%v?eefggt

| eakage current - decreased ones are iven se 0
gate vol tages thq{se%%f dracdisal 'lé’inc}é‘eof GRKR gfrag&!irﬂﬁfé riq{clﬁl%ﬁﬁ%g:;’[’s
transistors are to be driven upon app Ication O_ certaln voltage _etween
the gate ang sourgs Of- EaGH Mie, c YN LI Ok 3083 | hi owerf hads that bei ng
applied to the | eakage current decreased MOS transistors.

transistors, wherein the former is negligible in flow

of tunnel leakage current whereas the latter is

capable of operating at high speeds while accompanying

the tunnel current leakage problem.

15 In accordance with the principles of the invention,
there 1s provided a senttconductor integrated circuit
device including on the same substrate a plurality of
kinds of MOS transistors different 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 constituted 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



In accordance with one aspect of the invention, a sem conductor integrated
circuit device is provided 10 which includes first and second MOS () FEB 2003
transistors as formed on the sanme silicon chip substrate. A respective one
of the first MOS transistors has an insulative filmof 4-nmthick or |ess
as laid between the source and drain thereof or between its drain and 15
gate; a corresponding insulative fil m_ofg each second MOS transi stor
measures nore than 4 nmin thickness. In accordance with another 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 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 insul ative film between
the source 25 and®gdt¥® ROWRR REPIIRS AR (FOIRT 1G8% % hé‘rteﬁ'fe,as\ﬁhioéll’? 20F

E B 2003 - 14 fi%§$i§ reater i.n thickness than th%ﬁfirst MOS transi stors.
The second MOS transist SHEF 5T At aj‘%?faﬁugtﬂ E%or use in
controlling flow of rGe- rs |dkd 39816 ent of the
S first M3S transi sti%sl.&fon;g%%gér %é%%%éﬁ%esﬁrﬁ%%%&%?{a pecc_% of the

i nvention, a semigonductar dntegnaled Lidiclids SoMiiee ddddmiasHdd 8t and
second MOS transistors as forned on the same silicon chip substrate. A

respective gne ofgckl drfignd ivrd M doraanisi Si¥sS dieh dhdthdedigaee filmof 4
nmthick or less as | aid between the source and drain or between the drain

and gate thereof .inEa s3geand NS nid=aiifd et @.$ aine caddpisablier ftorickaesisn
interrupting transfer of associated power supply voltages toward 15 the
first MOS transi Hleres. rEwessimia driduttiomemtaggBatle sirciancuiffurddngirse furt her
includes a level hold circuit for holding the last potential |evel of an
out put signal of tedemen adt MOS A5 lasH eyt iengblet &heuPRiesR tdPnpover
supply. 20 In accordance with _yet another aspect of the invention

. a
seni conduct or | ntSRFeE &P GUREHET dARTERS5c| HAWEVEFr sBSahBEsBRBRAL MK
transistors as fornmed an the sanme silicon chip substrate. .The.f.irst MOS
transistorsCre iﬁﬂ?ee%eﬁﬂﬁfe@seeﬁ'ertqr}?ﬁﬁa&ﬁapﬁfﬁg SIS AR ge ld‘ltlfref"éﬁfa

fl ow ng between t.he squrce _and gate or 2 0.F E -.15 e en the
drain and gate tﬁé%gﬁF% &7 eds Jé“%%%onanwﬁéeYrgﬁsggggfsl%eﬁ%?ng ess in

| eakage current than i J il €5 wole i agiahed (o Leud devicerals

specifically arranged so that the secon transistors are driven by a

predefined high wol/hage Wi dpds fiidhery thandat Hei ngcarrhiped ohookhe

first MOS transistors. , In accordance with a further aspect of the
invention, a semie@aideididmicFgratathraibicuidl tdepd (60 ¢ Eeppars ¥e the
recei pt of an input signal having a
15 thin-film MOS transistors. 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 reguirements 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



specified anplitude voltage Vcc2 is arranged to include a |level c H?th%&}
circuit for generating and issuing an in-chip signal by potential?@
reduci ng the anplitude voltage of an input signal, wherein | eakage 15
current occurrable between the gate and source or between the gate and
drain of a MOS transistor accepting the in-chip signal is greater than that
in another MOS transistor receiving the $nput signal. Wen practicing the
invention by applying it to 20 integrated circuit devices such as those for
use with mcroconputers, the sem conductor integrated circuit device cones
with an arithnetic processor unit and a data storage unit as configured
using MOS transistors, which circuit may include at | east one of the nmask
ROM 25 SRAM and DRAM The MOS transistors constituting one zoFEB
zoo3 - 16 or mnor éOQéEeCiﬁ&HiééihﬁcﬁbfmaﬁhiéﬂﬁébE Pé?ﬁﬁféé’rtﬁé@ gngate

insulation filmwhich®is less Int ness than those rmng nenory cells

Qf the.storage UU&&te'Deﬁ§€9r9§8£€a§étDnavélﬁé|aEébiBfﬁgE?peCt of the 5
i nvention, a sem conductor integrated circuit device includes on the sane

silicon-substrate a pkHrakghydotoktRdsmotrbebettanaiabofabriehugong first
MOS transi stors and second MOS transistors different fromeach other in
magni t ude of tunnetocessenthél changctiérbetveenonheodoor cadansityeate oay
between the drain and gate. The sem conductor integrated circuit device

al so includes a negeomeracturapafvhenethestwg kinfsasf-opamelinethimr r ent
increased MOS transjistor. The device further includes a controller circuit
as operatively 15ftb0pRed EBichelhbPn-¥Pf cEranahatarso2¥e BRPPEASEUGRE of
two power supply units. This controller | east one of tunne

l .
current decreaseds%%? HaREnthe t?réﬂ§V§$g+8X$ﬂg£@8n?? |93F®i s responsive
Sel ect i vel y por o EXSHEEPARE nEpor ReE (FES, BrrRoa Rl chePaitt ot rd e

sel ectively perm a curren € source and

gate or between !Dgcdral A Qalk, Of; d RATME! - LY 93560 T

transi stor for USE_I% bonstltutlp the main circurt. g%e characteri zing
feature of {he seghecondeloheZoni Pl gt abedrihedi brdo¥i €6 tofRatfohhad the

plurality
thin gate insulation films because of the fact that
the latter is difficult than the former in control of
process parameters during fabrication. 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,



2 0F EB 2003 - 1~ of kinds of MOS transistors include MOS transﬁqﬁpg§ﬁmﬁ
different in gate insulation filmthickness, or alternatively MOS
transi stors of the sane conductivity type having gate el ectrodes doped with
the sane kind 5 of inpurity to different degrees of dopant concentration.
Anot her feature is that where MOS transistors different in gate insulation
filmthickness are enpl oyed, those MOS toarsi stors each having a thick 10
gate insulation filmis provided with a side wall spacer which is adhered
coating the side wall of its gate electrode. The spacer may be made of a
chosen insulative material chemcally 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
g oy oSS REEh O o R oLy T AEDBLOL, SLERS, o oL NG, SRl agbate of a
ClIrTul e

> C
20 sem conductor Tntegraie eviCe Th accordance  with on referred

embodi ment of therprEesEI GAWENt | Pys £ 95 rlul Ll USLLAT LS 'ﬁ\rﬁr&éééé?%c%ﬁ’g

sonme of the nmjor steps of the manufacture of a sem conductor™ I ntegrate

circuit device i ngREEOrLadcendM 1 tkanodhepy erbodi n@@ﬁtgél%réé@sémfnti on.
Fig. 3is aplan viewof a 2 0 F E B 2003 - 18 sem conductor integrated

circuit device enhoilys ngcple) | Nvetdh afirdadts 4 Wegh césedd Gfidhicryg esdl pNnal
view of the device as taken along line A-A" of Fig. 3. Fig. 5is acircuit
di agram shoi ng aawecaws vadrehtotthexsiit 5 configuration of a sem conduct or
integrated circuit device enbodying the invention. Fig. 6 shows a circuit
configuration of anothercenboasrenswitclh. eYemantie focri interrepnieoguehiti on
of a further enbodinent. Fig. 8 shows a circuit configuration of a still
further 10 enbodiRRWRE RPN Fyrient 2riRpReF tpieseht Biese Brinyiilal
current characterjstics of, one standard MOS transistor and of a tunneling
MOS transi st or p&%t??%%ﬁ%%fmﬁﬁ%ﬁlc%%%ﬁe M oth FRCKelm MOS

insulation film 11 is a graph representative of 15 the relation of
gate insul ation f'“{:‘?%arqndﬁlhsi]t&rnse's's&éln%’ g%‘f ST T FRIWTTHAEPE i s a
circuit di am sihpe/%' qgndf ! jon qf fur . qll m; f the
invention.a ig. 13 slg%gﬂé mlééﬁ%é%%%Tigﬁf%?igﬁﬁggﬁg%nagt e g%r%%odiment of

the invention. Figthdhd H@rR0gddeUidneOdlgNation,of1 & d Wihalics
enbodi nent of the invention. Fig. 15 1S a circuit configuration of a

further enmbodi meninddr tdter idtv e Oiventdrits 16F 1151 dh Grd Tehde GRANMHLHERE | on of
a further enbodinent of the invention. Fig. 17 is a circuit configuration
of a 25 further etediateifiddendynientdanfidrined 18y isu¢ch 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-insulation film
dielectric breakdown is another ‘example. Preferably,
20 those 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



2 0FEB2003 - 19 circuit configuration of a further enbodi nent ﬁng%ﬁ
invention. Fig. 19 is a circuit configuration of a further enbodi nza tF 3
the invention. Fig. 20 is a circuit configuration of a further enbodi nent
of the 5 invention. Fig. 21 is a circuit configuration of a further

enbodi nent of the invention. Fig. 22 is a plan view of an integrated
circuit chip enbodying the invention.-FiLg.-23 is a plan view of an
integrated circuit chip also enbodying the invention. Fig. 23 is 10 a pl an
view of an integrated circuit chip further enbodying the invention. Fig. 24
is a plan view of an integrated circuit chip enbodying the invention. Fig.
25 is a plan view of an integrated circuit chip enbodying the invention.
Fig. 26 is a plan view of an 15 integrated circuit chip enbodying the
invention. Fig. 27 ]S [ r.cuit. di agram of tential re [on circuit in
accordance with gsnen(ka\lrﬁo%laclﬁlr%tn s ndrt%a?cne\/é;nﬁlﬁ%ﬁ?l%i%?% iogél;é}%:el rcuit

di agram of a pot i r i i (o lanc i.5sh @ rther 20
enbodi ment of t hgq%\flé\?{etnltcﬁgﬁg %%&#sé% é(}ll ?%J?{ﬁ?'agiregn‘{lo t agéjpot enti al
reduction circui tr&d o naydthes | TEN | Bhvditer 30 A& Gideuit

di agram of an input/output circuit. Fig. 31 is a circuit diagramof a |evel
converter circuitpordrdtivelevll dadbrd2bicdn OB . e ldbrivdl Sidyrd < bd

di agram of anot her 2 0 F EB 2003 - 20 Ilevel-holdable |evel converter.
Fig. 33 is & cirduiilditGmgmmmiim atdndyo caltsatd eramt passtiblle g. 34 is a
bl ock di agram of a m croconputer system enbodying the invention. Fig. 35is
a cross-secti onaldiMifeyasicem i ingharwialputevs) dgtwedt gn@irg a circuit

di agram of a mask ROM _enbodying the invention. Fig. 37 shows anot her

configuration of A R&kié HOMEIS shdmaRd mpagringwaaas drorriig . 38hes a
Prrcurt 50 ch agr ST X6 ARAar sk AR M0 VATLAT A P ol
T el PRI R Bt B R SR
ROM of F|g1040. %ﬁ}cd%%(ﬁgﬁfnﬁé{ifﬂJé%Uﬁ%%?gkggggan qféifgidg%AM

enbodyi ng the invention. isacir ram of "a sense anplifier

as enpl oyed in the JRAM Qhhdiidhs 43 @ 1ot UG it iFHR Hheeanf | guration
of a sense-anplifier drive signal generator circuit as used in the Fig. 43

DRAM Fig. 46 shownaa riidC Witr o] tC Pafritg Wt ilmdfingy FRila ARl 1Rk used in
the Fig. 43 DRAM Fig. 47 is a circuit diagramof a SRAM enbodyi ng the
invention. Fig. 4®tentaad ricitdrr@dilagiramisheMding a&iweradsdecoder, word
driver, and | evel converter as enployed in the device of Fig. 47. Fig. 49
is a 25 circuit di agridme simmwemg e lslenssrahgufedusing ithsick-Xiln-MO$B 2003
- 21 associative wite circuit used in the Fig. 47 device. Fig. 50
illustrated> in &feaSded grcodsys damcdionsdjlor isiedpsicofatt deafsaboneatifon of
an n-type MOs transistor structure enbodying the invention. 5 Best MNode

enbodyi ng the | nF&ERITET Sevéical Efbodl e 5r dEEEHRG 1ORe TONEREIOR as

w11, De descr bed ereal{ g saie PSR I et Wied,l Lol unel curren

bet ween it is preferable that the memory cells are arranged to
store therein data during standby periods. The

20 invention however should not be limited exclusively
thereto and may alternatively be modified such that
these include first kinds of memory cells of high
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



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 c (Or &feft 2003
absent (or much decreased) MOS transistors substantially preventing such
tunnel current flow between them and that the 15 tunnel current avail able
MOS transistors are adaptable for use in constituting-a main circuit with

| ogi ¢ gates whereas the tunnel current depleted (or much reduced) MOS
transistors are in formng a controller circuit which controls selection of
operation nodes 20 between transferring power supply voltages toward the
main circuit and interrupting or "intercepting" the power supply thereto.
Wth such an arrangenent, it is possible to reduce power dissipation during
standby periods of the MOS transistors constituting the nmain 25 circuit

wi t hout having t [ (of [ 3ea ion
speed thereof. S&%é%gése#\ngﬁ%%c %%Hi %l%%sg%a?%ﬁng?gcﬁkl@% %I%(\:/%%sﬂ%ﬁn%%%yi ng
the principles of dfigginstant invention will be described with reference to
t he acconpanying 5 figures of the drawing. Figs. 1 and 2 are each a
pictorial representatienshonl@xXphapRti OBe OholeBHHABCULYOANInPESEEPUIENOf A
sem conductor integrated circuit device that satisfies the 0.18-m croneter
rules in highly asatiteddlern umelwcdf otthe sti s £ Lhh i 00S t excamol ©tyrs whi ch
devi ce has both tunnel current available MOS transi stors and tunnel current
depl et ed (or5 muchby ethe awaOSupplei Btoesceprt t teasshet e [$conisubst rat e.
Fig. 1 shows a first embodi ment of the invention enploying 15 thickness

di fferent insul atPeesiplemsbnereasding.a 2levelished ealmcweeonth £9riyRRN ment
utilizing the inmpurity concentratjon differjng schene. Note that the

m ni mal fabricati®dh SHHEHEVTH 485 1RB R of LT MODr e 1S~ 2fe?T hiab?® by the
| ti te | th, of MOS 20 i st : it _is h ffected b
overl aps of & gar SRt ETORE WUIETTS SREH St P SBUFLE AT 41500 the

ot her hand, anot hg'P:eﬁg?lﬁg?%%%?gc{?&@g ‘%é? ) Weigga%%gce &é)@al |y

shortening a gate res ng from e I on ectrical properties

25 rather than the,phusi gal - {ahsi SRLiO0 UAPNSE AR se 2 O Fudnds 2903 - 23

affection by power supply intercept of the thin-film
MOS transistors. Preferably, such level hold circuit
may be formed of one or more thick-film MOS
transistors less in leakage current magnitude.

15 The thin-film MOS transistors as employed in
accordance 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
theée thin-film MOS transistors are designed to
operate with extra low gate voltage below 2 volts,
such as 0.8 volts or 1.2 volts or therearound, by way
of example.

25 Preferably, that the leakage current-increased MOS



regarding the gate length. If this is the case, the gate |l ength based on
such electrical properties--say) the "effective gate Iength"--becoﬁ&iEﬁZMBy
paranmeter. In Figs. 1 and 2) one formis shown which has no 5 essenti al

di fferences between the physical gate length reflecting fabrication

di rensions and the effective gate |ength; however, it should be noted that
the present invention may al so remai n-apgl i-cable to the nmanufacturing

met hod for intentionally shortening the 10 effective gate length so that it
is less than the physical gate length. The first enbodinment will now be
expl ained in conjunction with Fig. 1. This enbodinment is drawn to the

manuf acture of an exenplary |IC device attaining 15 copresence of a tunnel
current available MOS transistor and a tunnel current depleted MOS

transi stor wthou ny. substant kve _flow o I t i n the
sanme chip substra Egﬁ¥lﬁ??$%r?%% ?ﬁ%kgﬁ?céﬁéggﬂgfdég%égg%gupg%?oﬁr ilm 20

between them Wi #St&mi;afggféw@@ﬂ io? ngggeaée&itge%g{?%i Gate syehatue

different kinds of gate in ation fi y use of p-type ; _
transistors and nehyperdS to@ansl LISy, WS SraBedd ONsuiFasented-ddedd 9. 1
assunme use of p-type MOS transistors only for purposes 25 of reducing
conplexity of illuMetretansisPbre-sy¥eeto BeldfiweB 2008 apB?icatiososst
substrate 101 is prepared having a top surface on which an el enent

i sol ati on di®l ect tectaigi onlid@e nadeweénathbegate axddsotirten of &9€hnm
thick is forned. In the substrate surface, n-type inpurity-doped |ayers 5
103 and 104 are foreedvhithkesecl hpaeiiy loyersthag, they heeng apndiedatons
cm3 in average concentration and are inherentl% necessary for el enent

i sol ation from n- Ehpel RURIE aRSTEEBE SAEBHERS BRI HOFi FRRARHSERTEK-fi | m ones)
copresent within a single chig. Any one of currently 10 available inpurity
dopi ng t echni ques raylBe2ERPFopBaESt B1EBr APR- EFBECFaPEr SP203TVEBRICRf tBr an
inmpurity is doped by.ion.inplantation_ technigues,_ causing each_ MOS
transistor to eth%%%c%p%?€§%¥ih%%e?ﬁ?%§§0$hg%%+56,eglgl|%%O%r?%%?%%| oxi de
15 111m1054s f%ﬂ?ﬁ‘ntﬁn&&’%&?%ﬁ& nedat DL ckngs osf9£a§%<§§%§s 49 nm on
the entire surface of the substrate structure; subsequently, a .
polycrystalline siligon of tROl ¥yshti £00icbaVehid08ubst #pesi ted overlying
the thermal oxide film 105. Layer 106 is then entirely 20 doped with an

inmpurity of a chosespa®teiéabnsUsh ele PhOBPHOMUS ERHHEDILE6LSURA8NEAN
polysilicon | ayer 106 to be adjusted at 1 x 10Z cm 3 in average

concentration of phesphoiwe fipurofys-dbetiphelspbor Lessoasi haiddbetwesn may
be perforned by ion inplantation to 2 x 1015 atons 25 cm 2 at accel eration
energy of 40 kil ochectownvelasd 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



2 0FEB?2003 - 25 (KeV); alternatively, the sane may be attainedﬂ@¢ﬁ$ﬁm
of a boron-doped polysilicon or using predeposition techniques.
Subsequently, a silicon oxide filmis deposited as a gate el ectrode
protective film107 to a 5 thickness of 50 nmon the entire surface of
resultant structure at step (a) of Fig. 1. The function of this |ayer 107
will be described later. The thernmal exilde-film 105, polysilicon |ayer 106
and gate el ectrode protective layer 107 are then 10 subject to patterning
usi ng photolithography and dry etching techniques form ng an insul ated
"island" 108 on substrate 101. This island 108 neasures 0.18 mcroneters
(gym or greater in gate length fabricated. Island 108 will constitute the
gate electrode of a 15 thick-film MOS transistor. Then, boron fluoride is

introduced into thejgubstEalerstr UGt theekMbld thendehe £lpstrade being as a
mask therefor, to a concentration of 2 x 1014 cm 2 at accel eration voltage

of 20 KeV, form ngrapacetoppar ttHe tyoi@weis thiHsidtdspurd y 20 region
104 of substrate 101. These layers 109L nay act as the source and drain

regions of the |igbétyfogellydaaaprébDb) fbypese Thh Scost HONELIHGCHUSE SE

vol tage being applied to such thick-filmMOS transistor is not potentially
| ow enough to ensswertéatorgatenaunsent eer 28riinntanya pessibtenadvergee
influence of hot carriers 2 0 F E B 2003 - 26 which in turn serves to
degrade the Thar aftestsMP8strapsestorgo retain reliability, it is

recommendabl e to enploy electric field relaxation structures including the
LDD structure. |ntrodiBt REROEEARCEyHetPnphiltyaBORBRES2EREBCHT Of oRhe
i npl antation techni with_ avera oncentration bg@r set.at. .5 x 1018

cm 3 al though thi SVERLESRs Bk CBLGPRAIFFOE GHADSATE§EM T et device
h teristi f i i -Dielectric fil 110
formeg on the oppbRt TREPERLEE Haa  SAUEE hios LeaeEl it Sl A dbedte SR e

wal | spacers 110 my. bengader plosi Lhoonopiteide; of 0Bk o Shager s

110 will act as protectors I ch protect the silicon oxide eneat h

gate el ectrpge 108néth Ssoxude €143 {406EE ONSs agn NS OBl €1 v OISt BE I on 45
filmof gate 108) agai nst unwanted erosion due to physical and/or chem cal

reaction of hydr o UgHii€k a6t 01 664 Ud$ Ola D8 188k @31 de 16T & H\gr P | @i ram@shi ng
process of the overall surface of resultant substrate structure. Then,
boron fluoride i sorrbeodeesedche éraimcand rgdtont2éradt apmhexiseatalkdy MPSX
1015 cm 2 at acceleration voltage of 20 KeV, thereby form ng spaced-apart
p-type | ayers 109t¥ansbgions 1ave oidaphalbiat £or0dse whi cintemeystid | act as
the source and drain regions with respect to the gate el ectrode 108 of the

LDD MOS transi st ofraThee D50 fops FRC bAted pPewsre SURRIEY t¥Pl IR L WA DN

15 the first MOS transistors. The semiconductor
integrated circuit devi€e further includes a level
hold circuit 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



2 0F EB 2003 - 27 inplantation techniques to an average concentra?b q&m
5 x 1019 cm3 or nore or less . The resulting gate insulation filmof"t @
MOWS5 10 15 20 transistor with gate el ectrode 108 thus fornmed may neasure
10 nmin thickness by way of exanple. In cases where MONtransistors are
designed satisfying the 0.18-umgate length criteria shown herein, the
power supply voltage falls within a range eof from1.8 to 1.5 volts. An
electric field as created within the gate oxide filmw Il be 1.8 negavolts
per square centineter (MVcm 2) or less. In this situation a tunnel current
is very limted in magnitude to be as |ow as 10-z anperes per square
centineter (Acm2), which will by no neans affect or disturb execution of
normal MOS transi stor operations. Any increase in power dissipation will no

| onger occur due {o.gale Leakane; SULenla: N5 Pedy AL TS| Sl@oar dl y

permts flow of a"tunnel currént Since 11S gatée ins mi1s thick

(10 nmin this e i{ggg : i s Vi t i i |
transferring (du?ﬂi?ﬁ% pgélr?%%&g ﬁer?)%l?ﬁe]fl\é% %rﬁgf%iﬁéc%er rci%e{lgér%tlszﬁdtrphe power

supply 10 a main ghéCeits@nghéd, | HHRN HWRllR@ HedlidiRgudkF sReficeds)s the sane.
Next, after formation of the side wall spacers 110, 25 resultant substrate

structure i s washgsedSf Ngally friarkydd #WEIha28thdysbciddos acid
solution. The structure is then subject to anodization selectively formng

a thermal ox3 de ftramdildtdns aatdidkiness mf 8. fredebindderiggi ivel magmwsed top
surface of the silicon substrate 101 other 5 than certain surface areas in
whi ch el enent - sepérith obs fhigised Chamdchplt oeinatapplel D ardr 4 ofimest Then,
a polysilicon layer 112 is deposited on the entire ' surface of resultant
structure to a tHMeknEEISFSYBOS nm whi ch | ayer 112 overlies
el ement -separators 102 10 and_gate 108 at ste éb) of Fig._1. Polysilicon
| ayer 112 is entireIyIHo%%HOEFg%C%.%h%%dﬁof%EgP hs2$ReGE cohckrEration of 5
x 1015 cm 2 at acce\l/_%até on é/pl t age o% 2% KeV @éllgv@n Iialycel_{. 113 J0 ebe of
n-type conductivity 1ilh R he a?_/eé?gcgo_en ottt coficent T ati'on of 1T % 10z
cm 3. Thergﬂfter’réﬁﬁ%ﬁéf5£]&g“£§%éigéné¥u%n input signal having a
specified amplitude voltage Vcc2 is arranged to
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 drain of a MOS transistor
accepting the in-chip signal is greater than that in
another MOS transistor receiving the input signal.
When practicing the invention 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



is formed thereon to a thickness of 100 nm by way of exanple, at step é b@
Film112 is as a protective filmof gate 108. Then, the thernal oxi 48 HEBIZ
111, polysilicon 112 20 and silicon oxide 113 are subject to patterning by
phot ol i t hography and dry etching techni ques thus providi ng anot her

insul ated gate el ectrode 114 of the 0.18 umgate length. This gate

el ectrode 114 constitutes the gate of -altbhi-n-film MOS transistor. 25 Note
here that unless otherwi se the protective film 2 0 F E B 2003 - 29 107
is formed at the previous step were absent, the gate el ectrode 106 of the
thick-filmMOS transistor woul d have result in being renoved away during
formation of oxide 113. In this sense the layer, 107 is 5 inevitable. Just
after the gate formation step, boron fluoride is introduced by ion

| mpl antation 10t ool ke 10310 aseoneent (alige of: 2nkelOlopEanzs B 2akey

provi di ng p- type source and”drain regions 115 at ste

a vol tage applicabl gate iR nléti@hlﬁlmhiéﬁsﬁtPé§sV‘i1|1|tl@fcﬁﬁééé’n?llné(n
lower in potential, the aforenentioned "hot-carrier influence” problem

encountered with thbgds formi MPOmékensi 66DIS 65 PRE SOoB&GE OWSiavoi ding the
need of enploying any electric field relaxation structure, such as the LDD
structure 15 di scusselinsapcardanbeegiieht bystiliit ferthen aspeedtafi oheis
done for suppression of the short-channel effect although this step is not
depicted in %he diavemgiénr @|semheenducobr conpeexdtgdofirdttistdarion only.
After formation of an 20 interlayer dielectric film 116 overlying the
entire surface of iRekiflean?n stheciyre, shlparr eshatrarata eturakhiy-92ad

| ayer 117 is for n film2116 at a first, | evel,K over, the surface of
substrate 101, pr ﬁ?é% 2#eN%%t???%ﬁl??ﬁﬁﬁcﬁ%%%%?%%ﬁl@&%?Fr%%%ectlve 25
term nal pads of n5|stor at st Z 0.F._E 8 2003 - 30
necessary, secondtréarl]rcliéjt% ?55 paalf e?%%oréﬁp%ég %?T%%F%r%?/l PR (T |y

forned at second ég&t&i{ Jﬁy V‘F;E%é ({b]ét{% =10 rrﬁpé Ot\n?{]rgﬁ !’?gr 5

transistor with gate 11 in-fi

because of e fagirhdiat i SsGonES £cd eguiost JhLeknes Sl 1 LAY gate

insulation filmbeneath gate 114. ThIS t transistol 1s such

that even upon applteat imeR @fexdl@wn@@wrorsmlesgr\é@éda&q&hl% BevalleS 21310
electric field created within its gate 10 insulation filmwll be 5 M/cm 2

or greater while mouldesnenusd in calrscungt i dor Hi glmpsdings ing st)-BeMimchd N
magni t ude of gate | eakage current. As can be readily seen by those skilled
in the art, this tupneliduniig tirrrstatial NS transd atar ed That dstiiceg t he
currently 15 avai | abl e subm cron-scaling rules in the sem conductor
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 gate 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



m crof abrication technology; in this regard, this MOS transistor remains
adaptable for use with the on-chip main circuitry. Additionally, it20 8EB 2003
desirable that the thick-filmMOS transistors be greater than thin-film 20
MOS transistors in gate length--i.e. a mninmal gate |length of those

transi stors on substrate 101. The threshold val ue of thick-film MOS
transistors is required to be greater than-that of thin-filmones; on the
contrary, it has been well known that if the gate 25 oxide filmthickness
alone is sinply increased then 2 0F EB 2003 - 31 resultant threshold
value wi |l decrease accordingly. The |ower the threshold val ue, the easier
the MOS transistors fail to conpletely turn off; in such situation a
current mght attenpt to flowin thin-film5 transistors disenabling

accorpl | shrent of of i eded adyant agespLeLbe pLESERL WAyeDLLaD: sThLs

phenonmenon may be~avoi r éasing e source-

diStance"”anﬁ'y’d?ﬁfSPLﬂEgi gﬁéégoﬂﬁﬁﬁéhﬁﬂgéh iiﬂiéhfgkﬂgﬁsweé mat ches

the MOS transi stor design sche een generally called the

"scaling rule.” Miiegespgeilbed! hiys €FRhOYERIrEhoserMESsAnansbRQEEi W Efout
the scaling treatnent will be sufficient; however, this does not cone

without certain "pap8"haGihfagateseléadtofBs Pdsped agetRl €hei SaheagEsd 15
Anot her approach is available to increase the inpurity concentration-of the

channel sect$on o06ft hinplxitym&Biffansnst degre&hecAdidapiage of this
approach is that on-chip MOS transistors are capable of decreasing in
occupati on area oponhentudtiemte due 20 to the capability of shortening the
gate length as conpared with other approaches; a disadvantage is that the
MOS transi stor wthst&REthert 4getraci A§ &hatr ¥hpabi MPEytERBSEEHRESd due to

an increase of the. internal .electri¢c field,within each MOS transistor 25
beyond an expecteglFE@EFnEslHe$?E%dlB§ufﬂ%lgﬁaF?%@ thaclknesE #9003 - 32

s, IO, %0, oeREoRd: TLESLLODoeTPLOLL 00 BeLYRENCR L ggeL Lol onl Y
sl oma w1 4gose gaigansba gtecs seuiond Brsylauslyia FoRsElugn il P o
prepared with spacer which is adhered coating the side wall of its
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 semiconductor integrated 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



an elenment isolation dielectric region 5102 made of a thernal oxideiﬂ#ggﬂms
300 nmthick being formed 10 thereon, and n-type inpurity-doped Iaygrs
5103, 5104 as fornmed in the surface thereof. These |ayers 5103, 5104 are
doped with an inpurity to an average concentration of approximtely 1 X
1017 cm 3, and are inherently necessary for elenent isolation with 15
respect to "associate" p-type MOS transhgtors on the sanme chip substrate
(including both thin-filmand thick-filmones). The inpurity introduction
may be perforned using any one of currently avail able techniques. 20 After
ion inplantation 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 predeterm ned thickness of
10 nm for exanple. Then, a 25 polysilicon layer 5106,is deposited t.hereon
to a' 200 F B 2o comdeer BReddrat S e At i Vied) FRRG o

ure is

poron' 5 aver age CORCERTTATI o 1% o SR CeTed L4 CES 090 s o aoa

boron's average conceén be adju above

within a polysil i&g@ ée\';ﬁa/@r?él@écweéiawglmgrm'O&dﬁi 105, Fhg beron

ions may be doped by 1on inplantation to a concentration of 2 x 10I5 cm 2

at accel eration vpdtage péuf KedgrahtShspihyedy)edhbvspe®: n@yrdei @t t ai ned
by use of previously boron-doped polysilicon. 10 Subsequently, a silicon

oxi de film %l07 iSod PidEratborr gite ©dridsndecpsot attegrated ercuie entire
top surface of the structure to a thickness of 50 nmat step (a) . The

t hermal oxide fildedilds, emoddwing ciire | Aryeentibon 106 ignd égatheovel ectecigdait
protection |ayer 5107 are patterned by photolithography and dry-etching

t echni ques for m neepnficwbst fen o laothemat enpodimept e dligot roddovwssleand"
5108, which has its faprication gate length of 0.18 dun in view of the
short-channel 20 €¥f@tit JeRELGETaRPS 198 & Fyreomst PR TRt gafdg- 8

el ectrode of a thick-filmMOS t istor. Wth thi t t.r od
mask, arsenic is ?WﬂW%d%c%&F?%Féé%SI %éﬁ?%&%?ﬁl%#lé ggﬁﬁﬁggﬁﬁgégﬁf g; ﬁev

(o, her by ov o5, 30808 3 1. PG TR ARG YIS 10
oyens S100L 2ct Aplie saegend gt septons of e 100 uge e
di scussed in conjuAetd 0o 3¢ tdhdi GF 4 cdANEPINGINED ©farls i yPOr
permitting flow of tunnel current through its gate
insulation film. Fig. 11 is a graph representative of
15 the relation of gate insulation film thickness and
gate current density. Fig. 12 is a circuit 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



5 inmpurity herein may be done by ion inplantation techniques wth the
average concentration being set at 5 x 10la cm 3 al t hough such vaf GEBNEFai n
freely adjustable in conformty with exact MOS transi stor characteristics
required. 10 Then, dielectric spacer layers 5110 are fornmed on the opposite
side walls of the gate el ectrode 5108. These side-wall spacers 5110 may be
made of silicon nitride of 100-nmthickig Each side-wall spacer 5110 w ||
function as a protective filmthat protects the 15 silicon oxide film
beneath the gate el ectrode 108- 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 enpl oyed, such as 20 hydrofluoric acid, during washing of the
entire surface of .resultant .structure. The rycture i Wit h

phosphor us inpurFﬁ%CP tacggﬁégﬁfFﬁﬂfghagfaZ%%r%%f gﬁ%%dgﬁﬁﬁg Rgvtpgrning a
pair of n-type reqi 5109 Lo _| aygr 2104 i e h t.each is in
Cont act 25 W th & NeRraSond: BG obe. 5F Peqt brbl00L ™ Thacs acr S5 =2 0 F E
B 2003 - 35 the 30uhee apfodidlen tWideh theSReGent o8dt epehecifode 2108. The
n-type inmpurity may be done by i1on inplantation techniques to average
concentration of c3reul@lceFidura®iloh W & FRediereRinbbde m@ate oifngrkat i on
filmof resultant MOS transistor having the gate el ectrode 5108 neasures
10, by way ef exdmpleatidhterrigrnpli o8 af ciheustdeenalduspatensobl140, the
overall top surface of the structure is washed using 10 hydrofluoric acid.
A thermal oxide ffuktrhet]l émbodfioemsd ofo thet Hinvienddonof Big. nd2 obs szl ptamd
area of the exposed surface of the silicon substrate S101 excluding certain
areas of fornmati §Aewf ofhanelafwesrasesacaricon tdicliee eppedyégdosns102 and
gate el ectrode 15 5108. Next, a polysilicon 5112 of 180-nmthick is
entirely deposit&@VEREREBn. Fhe- re3ubfi AgPLRRUEE BY e°f sBRobREEFH 2 HeBor on

i to 5 1015 2 .at | ti |t f .40 KeV, th b vid
one 105 X 1OLSCBA R 6oL e uRlienn el i tey,t s oy gL on i no
A sili id 1 I . h f i I i A=t il
B T B S e e A
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integrated circuit chip embodying the invention. Fig.
25 is a plan view of an integrated circuit chip
embodying the invention. Fig. 26 is a plan view of an

15 integrated circuit chip embodying the invention. Fig.
27 is a circuit diagram of a potential reduction
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



25 anot her island 5114 of 0.18-umgate |ength. Island 2 0FEB Z00 - 36
5114 constitutes the gate electrode of a thin-film MOS transistor o
substrate 5101. Resultant structure is next doped by ion inplantatigﬁﬁﬁﬁzmﬂ
an inpurity of arsenic to 2 x 1015 cm2 at 40KeV providing in layer 5 5103
spaced-apart n-type regions as the source and drain of the thin-film MOS
transistor at step (c). Subsequently, fg@mpther ion inplantation 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 film5116 is fornmed on the entire surface of

resultant structure) a first patterned netal chip |lead |layer 5117 is forned
t hereon for electrical interconnection Wi th respective transistor term nal

15 pad d and th hi d | be

Formod i nsul at | vel §VBvePTIRRR et PP LaBCREEAF Shat (A4 D17 4 CHASTE
mbodi ment h

manat a0t ur i ng mot AP BTN aRE 26 f%ﬁgﬁ RefFREThEE RE-COTC TR M, 4 o

different kinds of; M ?f@&?é QfSa ?PS&oﬁBﬁESPt sP¥BLhaBLBoMBng the

transistors permtting om1o a tunnel current therein resulting froma
change of inpuritynéeneeshr atrQn as gpd & auhb SO Lo UHA1 GRSew X drinnel 25

current absent MOS transistors permtting no 2 0 FE B 2003

5 input/output circuit. Fig. 36 is a circuit diagram of
a mask ROM embodying the invention. Fig. 37 shows
another configuration of a mask ROM also embodying the
invention. Fig. 38 is a partial cross-sectional 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 the mask ROM of Fig. 39. Fig.
41 is a circuit diagram of a further mask ROM. Fig. 42
illustrates a partial cross-section-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



- 37 substantive tunnel current flow therein. In this enbodi nent zh EB.20
cross-sections of p-type MOS transistors alone are illustrated in '3 g
the sane manner as that in the previous enbodinent (Fig. 5 1). An n-type
silicon substrate 201 is prepared on which an el enent isolation dielectric
region 202, an n-type inpurity layer 203 and an n-type inpurity |ayer 204
are formed as shown. Here, the n-type-l &ter~ 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
transi stors which selectively permt power feed to the main circuit during
first periods and to interrupt it during second periods. Layers 203, 204
are 1 x 1017 15 cm 3 or nore or less in average inpurity concentration.

| mpuri ty dopi ng IQEQOE%§€£§eZletgoélP@MlQeuééaaiﬂegthFggy piegepily.

avai |l abl e techni ques fer certain inpurity is doped by Ton I nplantation

into sel ected surfg&e S@giPP§s@ia€é§nsiﬁtQﬁlé?é@@léﬁaséﬂéeéﬂigﬁtﬂﬁiﬂo?o of
threshol d val ues thereof, a thermal oxide film205 is formed on the entire

exposed top surfaggept sebsheatab2ifatoon bhiskneseysé 1805 randheror a
polysilicon layer 206 of 180 nmthick is entirely deposited thereon at step
(a). 25 A dose of sphosphne usmbodgi2® 7eheé sinhvénodoced i nto z o FED zo03 -
38 certain substrate surface areas assigned to formation of standard
transi st ors ®xhi bi ti ngeatr Malecerbafyingethei dnyentyon concentration of 2 x

101 cm 2 at accel eration voltage of 25 KeV providing an n-type
pol ysilicon 207 aboveSP39§912EBb6¢l§EB§FrHFéCQGE}nﬁlRbﬁﬁééveﬁt66§ea%f

phosphorus ions 208 doped lnt di fferent substrate, su ar eas
DT s vely anei GHUHL 5% SERaFFBRS RO TOREE S5 UBHF P HRGHOB Y | Femet 220 r s

Cmvz at 35 Kev Tobii He hn=REGBD BOTSERT | RereoHnt %é’@%a%'ﬁ%f)r"sf’%iﬁrﬁx oa
T orence bet weoh.phocease PERETBLAL 9814 AgSal Lieealosp

i ntroduction ste resu el ectrod a power - su%%%y i'n rcept 25

transistor 46 "vaghabheaih “ah@&été%@%‘&&@tiﬁéﬁﬁ‘stg&ﬁe&d%&m dipcations
in such a manner that the inpurity concentration increases (up to approx. 1

X 10z cm 3) only @taihSan@PEstsCehépast Wké EpEIBREE bt Sa | SVl Seeii®n near
t he underlying gate insulation film20 to locally decrease in inpurity
concentration (appulostrdta d0dng cwish) . thacel divngtent tdiesat eft@t enialode

| ower section decreases in carrier density allowng the transistor to
resenbl e in el ectdécatasedl ddd2risansishose MIStamns: blwrsrewent img hi ck

gate insulation 25 film This may in turn mnimze flow of a tunnel 2 0F
E B 2003 - 39 such tunnel current flow between them, and that the

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

20 between transferring power supply voltages toward the
main 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



current via the gate insulation film After inplantation of phosphorus ions
207a, 208a, a silicon oxide film 209 of 100-nmthick is deposited oﬁﬂﬁﬁﬁzmg
entire surface of resultant substrate structure. 5 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 techni ques form ng
gate el ectrode islands 210, 211 at stepopC). Gate electrode 210 is 0.18 um
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 umor greater in view of

t he short-channel effect. After formation of gates 210, 211, a pair of
spaced-apart ptype regions 212 are forned in layer 203 in such a way 15
that these are essentially self-aligned with the overlying gate 210 thus
provi ding the source and drain regions of a MOS transistor. Simlarly,
spaced- apart p-tyPRETRE FhsSRaer rre¥epbed, as the transistor source and
drain, in the neighboging Igyer 204 to be 20 self-alégned With its
overlying gate 211 asSBEFERedStREFeRRLRCAT LRERTTRYEd O Fibl afe¥tFoh nay

"nt T oduced to 2 XU BT 20 Dot HeplTh Thi P €m0 Honc AT S Bk on
i npl antation for ggéﬁz)ﬁtﬁé& %gggf?z&g#%wggngﬁ?%lra érﬁ'ﬁén)}isn ot 2 0F

E B 2003 - 40 speci y shown in epiction Ttonplexity

el i m nation ur poses, N Yot A&‘ﬂ@rdgﬁﬂ%j on of an interlayer dielectric film
214, a first nmetal chip-lead pattern 5 is forned thereon for electrical 5

interconnection Wth regpectiyedts afipe séQtht £ 91 88br PAUSrehSe HELESEDEY
second and third chip-lead patterns nay be added insul atively overlying

met al pattern 214foMNotxepleerat tdmatod ma trienuranef wcing epmdcddiise estbadi nent
shown in Fig. 2, resultant |IC structure may 10 not offer the capability of
conpl etely elin reanigpnducfdnvirgfeguated cirewiit déviotmyhtrodt detfidfess in
this respect, it mght be admtted that this enbodi ment remains | ess than
the previous enbddisrehtl bmigrpmerten nekkgtinmisghbovadvanaesd pati on.

I nstead, a significant 15 advantage unquﬁéto the Fig. 2 enbodinent lies in

t he capabi 1%y o SRR ST IROGES S it QW.WW&CI"G’H% e This
ransi stors and HoRrSibag It S eaRr R et S o G i et by
Fabri cation oyst oot S TR et RS 1 alfend ol 2bi1 6yt est
T o | g P RIS JRME OB R, 2
E B 2003 shows a first embodiment of the invention employing
15 thickness different insulative films whereas Fig. 2
illustrates a 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



- 41 execution of nmeasuring the gate insulation filmthickness whereas the
latter should require actual operations of resultant devices nmanuf ag(Uutg8d(i3
A third enbodiment 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 device enbodying the invention, wherein
Fig. 3 is a layout depiction of this enbgdinent 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 HAND 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 filmthickness although these remain operable with 5-nm gate
insulation filmthickness. MOS transjstors TPfﬁn PN .are . for use with a

logic circuit (mefRoR¥ILRT(he FRterteRIh nmy % 5 FhS%G3GE 1 iR

t hi ck . In 20 thi t hi di t I t ki nds_of MOXS

Lransi Stors wi th SNFEel S ThabES FRoth afToh T1RHEY HF CkrBRP UL 5 T8¥e, the
te | th LM of te,} ' g LK Y | st

o greater than (R of DAL hell o1 DT m try SRRESce JE HOr Sabet NOS,

transistors. Thisrjspbased; onghe, faed formOi& SBROAP3ich 4as th@t the need

is arisen to set an appropriate gate length suitable for the gate
insulation fdlm assa@ntionedi Pfevensss Yhethedhetgati ghy €I gor@i nengdior t
when such dielectric filmis thick, then subthreshold 5 | eakage can occur
bet ween t he sour ceefihek dirmd nf albseaabl omgd trosmpd Bdres t amd - oiné of f £ expeiad | ons.
The internal structure of the sem conductor integrated circuit device of
thi s enbodi nent viate bkerxtph ai lmesdever h iefshenbd e mbged 4Lthathite this 10
enbodi nent basically enploys thin-film MOS transistors to attain high-speed
operations, it isP¥eseheriprentHed DaY Rbe? t1eMa 5 RRMEECEREE | it pt i ng
power supply during standby, periods of such thin-filmMXS transjstors in
order to m nimi zeMPONERC tHSErD AP RO 5EAr FHLRE LPRBYLY FRPT G N thshes
include thick-fil fransistors inherently less, in flow.of tunne

| oakage curibnt  RETEE VTS St SretioRS nends 1EF eih SR TR W 302 and
al so has an ele -Se i i 303 on 20 substrate 301. Spaced-apart
regions 304 to g‘é%%%e@ﬁgéét%' &R h.

The first embodiment will now be explained in
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 insulation 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



sources and drains of logic-circuit MOS transistors TP whereas regi ons 308
and 309 are the source and drain of a power-supply intercept MOS)trihBsi08k or
MP. MOS transistors TP have insul ated gate el ectrodes 310, 25 311; MOS
transistor MP has its gate el ectrode 312. 2 0 F EB 2003 - 43 Reference
character "G T" designates the gate insulation filmof each transistor TP
and "G M indicates that of transistor. YR A first interlayer dielectric
film3l3 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 electrically coupled by first |ead
| ayers 314, 315, 316 and 317a Lead | ayers 314, 316 are connected to the 10
source regi ons of Iogic circuit MOS transistors pNCSL whereas | ead | ayer
315 is to the "co n" dral re |on er eof %7 connea%s t he_source

of one | ogiccircuft kEEPtFH £S5t BI?Bgraga ﬁvngp% PRuppf y2c©
i ntercept MOS tranS|s£orP Vé?hea 3%§15§té% 52%?&899 gg %Q i@g source
aﬁgls%or

of power-supply |nPercep secon ayer

dielectric film 319aforped Flge}ﬂgl fé&e' ?R%' g¥esofi ﬁ!neEﬁibE ié-.' 28 has

a contact hole for use in electrically connectlng second lead 20 | ayers

320, 321 to the ftﬁSEhEGQQbE€¥§EeaEu§fQ€§'rﬁdt%ﬁéaihﬁﬁriB?ﬂégﬁedLﬁéﬁeﬁgo
shunts the drain of powersupply intercept MOS transistor pMOSV. Lead 321

acts as a figst pooBrasgppby hiaefbeheghunthdde t1oSOINE €l DfexFOVIEDS S Y
intercept MOS transistor pMOSV. Lead 25 321 is interconnected to first |ead

318 via the 2 OaFeE1Bx2D0Y atéhs coint aict dvemgd econtdattien ayet are
dielectric film319. Wth the above | ayout) interconnection between a |ogic
inherently necessary for element isolation from n-type
MOS transistors (both thin-film and thick-film ones)
copresent within a single chip. Any one of currently
10 available impurity doping techniques may be employed
to form n-type layers 103, 104.
After an impurity is doped by ion implantation
techniques causing each MOS transistor to exhibit a
predefined threshold value, a silicon thermal oxide
15 film 105 is formed to a predetermined thickness, for
exdample, 10 nm, on the "entire 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 concentration of
phosphorus impurity. The phosphorus ion introduction

may be performed by ion implantation to 2 x 10%° atoms

25 cm? at acceleration energy of 40 kiloelectronvolts



circuit formed of logic-circuit MOS transistors pMOSL and nMOSL ar&d&w
first power supply is controllable 5 by the power-supply intercept 2003
transi stor pMOSV. Note here that although only the p-type power-supply
intercept MOS transistors pMOSV are shown, it also renains permssible to
connect n-type power supply intercept MOS transistors nMOSV each having a
thick 10 gate insulation filmbetween-12§i€-circuit MOS transi stors nMOSL
and a second power supply line. This configuration will be shown in several
circuit diagrans (see Fig. 5 and Figs.6 through 9)to be | 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 configuration will be shown in several circuit diagram (see
Fig 5 and Figs 6 gh oynth oqj f .t n
invention wll be(t}%x I’aiaﬁ'et)tfrtvr\}oa[‘%(%’ree €r (Laglhcee steagpﬁ:?%éyg%e tltcafr}%le? %ﬁ’gv‘\lﬁeto an

inverter circuit gf asiﬂa%%ﬁt&&rq IHALALIAN o] TPy dRIRNGR

character "L1" indicates a nverter, "TP1" and "MP1" désignate p-type
MOS 20 transi st oitechiueENl” saBdeqlYBht 19! €anstiyBeoNOSxi Bangh $k0kg. (1N
this transistor circuit diagramand | ater presented ones of the present
application, thecumditdd A aSyird e1@ctrdde i crdariat tid lme ogat® a
term nal section of each p-type MOS transistor in the 25 illustration.) MOS
transi st orss5TP1, thiNktkremssesfortd nm o2 the- B 20Ghirfade dfhossulRantN of
Fig. 1 respectively. The gate insulation filns of MOS transistors TP1, TNl
are thinner than sttesdugie MIS sttreansliadt orfs INRL:, IWN1Theefepastiear pfcehiain
transistors enplqying a thin gate 5 insulation filmlike MOS transistors

TP1, TN1 will be legsr ldd 6 lds hendesariibad 11a%8S transi stors” or
"thin-filmtransistors"; transistors_ usj, thick gate insulation _film
TR VDS Uy anat ot or o s CHAEAL |Pts o e Qve BQ AL in it 10

transi stors” or 10 "tlyck-fil transistors.." (ln_.the ransis;x:%lr circuit
o3 e e

di agrans of this aélf;p'l At ieolr(le,C RS RFESEASn l(‘)afyegag‘h 7t R -  MoS

Cransi Stor ;6OMES . AN & LAY SUGLOWATING o do Al iz0R, Sho dybe taken

to the fact that Il e nost “prior I'mtran cafl ed the

"TFTs" refer to thesR iommbratuedirehethy arsubstinatedy jusanelh 108
sem conductor thin-filmfabrication techniques, the thin-film and

thi ck-filmtransiost @ubsaeededilng .t orhhssikndaat 108 aegstiree 61 og such
limtative structure originated fromthe 20 sem conductor-on-insul ator
(SDI') fabricati omischarterisnpout) apt] gredekemiiti ortef lehgsd fthbwicandd.
thick-filmtransistors of this invention is sinply based on conpari son of
the gate insul at iIsdanid m0Bhwikdesonsctivede tthemgaz®e Alelkitckde oh KOS

transi stor MP1l is _inserted
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 cm™® at acceleration voltage of 20 KeV,
forming spaced-apart p-type layers 109L in impurity

20 region 104 of substrate 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



2 o FES Q03 - 46 between a first power supply Vdd and the CMOS iay p
L1 whereas a thick-filmMOS transistor MNL is between a second pom@ @ﬁ%ﬁ'%
Vss and CMOS inverter L1. Were this circuitry is for use in processing
signals 5 (during normal operation periods), a control signal CSis at a

|l ogic H gh or "H'" level. Upon receipt of this control signal, thick-film
MOS transistors MP1, MN1 turn on caustng6f+rst power supply Vdd and second
power supply Vss to be coupled directly to CMOS 10 inverter L1. Since this
inverter L1 is fornmed of thick-filmMOS transistors TP1, TN1, 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 fl ow
between the 15 first and second power supplies Vdd, Vss via thick film MOS
transistors M2, M¥LCaUsiag PRl &5 RAJ:Ed Gl iRAS Ak kel e Wen

this circuitry is out of use, nanely, ring standby periods, the control
signal CS potenti@dredd 0PgodeWRa20 2E13ab9dk eyl OWLOks" kecbfiehda¥ientbhi s
is done, thick filmMOS transistors MP1, MN1 turn off forcing CMOS inverter
L1 to be el ectri caldlpydiedeaige 6d ard "rwiapead o rapdddutte sarithcerying power
supplies Vvdd, Vss. The gate-to-source/gate-to-drain | eakage current 25 wl|l
no | onger flow betheead istxtucandesec@ndrpduwecionzol B-type~umpursapplies
vdd, Vss because thick-filmMOS transistors MP1, MN1 are rendered
nonconduct i ¥e, | makeiss usiet @it iiom rdowd agftaftiiosnt tawhrsanssd WidWe @avaygsey

vol tages Vdd, Vss are supplied to CMOS inverter Ll ,rendering it 5

i noperative fits SORGERETATLEAS Heincheah @t impeddnce®t agethpeehskgnal cs

is at "L" level) ile elinnating an increase .in power dissipation because
of the fact that ANGAR FRINES LS o B SR L abl o T 1 ow of - any
| eakage current. Ihn tahitse 10 terg%odim th% tshisctt(-ljsi Irm I\L/IC)%et ansi stors
nmeasure 3.5 nmi ¥ 6§t§ RSN Ao i r’%vt\.ﬁe eas 1 hin-fid mones axe 5.0 nmin
gate insulation fil mp: e LAUAS t naul t fng si vely
limted thereto si ncgltr%(?'\é&'/stlacn_d%yﬁ%sl'uri\r/lﬁtaﬁoée]aiage c‘fe ucti}%gn efslfjlzdet 15 may
be attainalle insofRy a3 182 Gl LRRCQ VRIS 1RRl VeeRLbem kB Qe
insulation filmthickness (in other words, whenever the tunnel |eakage
current of thick-ddac@rtsr angi sla@f Hef aF@ANS f @S9 ildtan rikati @f Jdehiinfol ke ones) .

Additionally, circuitry generally called 20 the "cl acked-inverter " is
typi cal |y desi gnethitck .opspaterksnllespobieate tbepeonecobrsi ghakthCS bei ng
fed as a clock input, its intended circuit operation will not be disturbed

when transi st ors pvetectPhans itlizesi otdde NNILm Teheatd igater cl@egedden

connection . . ‘ ' i
108 (this oxide film functions as the gate insulation

15 film of gate 108) against unwanted erosion due to

physical and/or chemical reaction of hydrofluoric acid
solution as employed during a later washing process of
the overall surface of resultant substrate structure.
Then, boron fluoride is introduced to a concentration

"2 at acceleration voltage

20 of approximately 2 x 10 cm
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



25 order as long as these are in a series connection. The 2 0 F EOBFEROD®
- 48 enbodinent circuitry is distinguishable in nature fromprior known
inverters in that the effectiveness is |ost upon nodification of the
connection order of paired transistors corresponding to those MP1, TPl as 5
well as alteration of the connection order of transistors corresponding to
those WMN1, TNl of the enbodi nent. Next, & Lifth enbodi nrent of the present
invention will be explained with reference to Figs. 6 and 7. 10 This

enbodi ment is three-stage CMOS inverter circuitry enploying a series

conbi nation of three pairs of thinfilmp-type MOS (PMOS) transistors TPl to
TP3 and thin-filmn-type MOS (NMOS) transistors TNL-TN3. In the draw ngs
PMOS transistors MP1-MP3 and NMOS 15 transistors MNL-MN3 are thick-film

transistors. In 6 this CII‘CIt]‘ includesthick-filml\/mtransist rs
which are i nserteb‘ga%Je?%\'IeaeW?’h BT © stippt V= IRRE AP TFEER Ife
supply el ectrodes? \égiiltls 1VC 3.3ofo three %‘IVEI;SL iverters and al so between the 20

second power supp s and povrvemoé:l?ppl y 61°6¢t r odes Vcs1-\Vcs3 t her eof .

Causi ng t he control S'&‘ﬂé‘a}e%@%@%ig?té’p%s&f&t%‘hcklih'gf'@etlﬁ sistors

to potentially drop down at may decrease I n magnitude the fl ow of

gate-to-source/ gaéﬁaﬁé&éi{c% Ry 2 %E@@ﬁe@éréc‘i‘é N dg | TRANMSE & FrRdl$ i o S
TP1- TP3 and TN1 ZoF E a zoo3 - TN3 reduci ng power dissipation. In

the enbodi ment sheydsire A@.nl,id ?@mm B wdy Nof idxadle t r ansicskeks
constituting the three stages of inverters are coupled to "virtual" power 5

supply lines VcdGhaios®08 ttrdds tkedrd naMOS ¢ s rsed t e tsi cyninerttae bet ween
virtual power supply lines VcdO VcsO and first and second power supply
lines Vdd, Vss. WiI8-duelgate drerarttemanit esian dhowmdverraiageshieo advwsse in

t he case of Fig. 6 my be also
supply voltage falls within a range of from 1.8 to 1.5

volts. An electric field as created within the gate

10 oxide film will be 1.8 megavolts per square centimeter
(Mvem™) or less. 1In this situation a tunnel current
is very limited in magnitude to be as low as 10°%°
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
current. 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



10 attained. Comparing the circuit configurations of Figs. 6 and 7 with
each other, the Fig. 7 configuration will result in a decrease in 20 F 82%3
occupation area on a chip substrate in nost cases. It is required that t
gate 15 width of transistors MP1-MP3, MN1- MN3 be carefully determned to
elimnate occurrence of a delay in tinme during operation of each inverter
due to insertion of transistors MP1- P28 MN1-MN3. In the case of Fig. 6,
the gate width of transistors PML) MN1 is determ ned 20 to be identical or
equivalent to that of transistors TP1l, TNl, by way of exanple. In the case
of Fig. 7, however, the gate width of transistors MP1, MN1 may be
determned in view of the activation ratio of each inverter. Mre
specifically) the gate width is 25 determ ned by taking into account the
maximum 2 0 F EyBréd€@dorielacaeat k¥atik@Bn! attiwe Odtt @t er&i fsutihen (three

st ages of |nverters in Fig. 7) connected to transistors MP1, MN1. In the
exanpl e of Fig. Zubdestngbeanpbaiohtibheeelovetiiely ESrmeﬁdeaedheamaatlve at
a time; accordingly, 5 the gate width of transistors MP1, M\l is designed
at appropriate vakide fadmring sof &i thénknessr efit 3sEppiyonotsecknsingl e
inverter. This would result in the gate width being the sane as those of
transi stors MP1- RRROSRNI1ENNISUFLRCE. o6, thendériagnt Rebeikratet APlopthey. 7
10 smaller in area than the Fig. 6 circuitry. A sixth_enbodi nent of the

i nvention whl | éhééséﬁrbééniﬁu€§ﬁﬁ€cFF8ﬁsmﬂﬁhWFF§h 8lemRns -ERBBURARAR i s

I to the fif t sh in Fig. 'th I hol d t
THI bet ng._added EAGPEL 0015=BRaBREAG ST EFAFRABNE 081 SFReZREPERTI AP Povel of an
t put OUT when th tr.ol tial d th .
"nverter | noper aPPy¥CS8 AR SPPSFSIFR BRe %P'a%‘lkéggﬁiﬁ bRERER e -
control signal C§u§?§8868f'Qegﬁigﬁhhaktghgﬁhﬁg EBFE Eﬂlék ebEVEE. 1?86 20

| ast logic level I's maintaine Is e I ment oys two [atch

circuits to makenyp uﬂgcheysyeBOhQQrobE@1laaye@&msﬁtcgeﬁagaeaygomgznay
alternatively be used insofar as a level holdable circurt enpl oyed is

capabl e of 1hol di agat Batpotept hal skepel(bpf cgutrpyt OUT BHL WhEN €t THfessi gnal
CSis at "L" without affecting its
112 is entirely doped with a phosphorus ions to a

concentration of 5 x 10 cm™

at acceleration voltage
of 25 KeV allowing layer 112 to be of n-type
conductivity with the average impurity concentration

15 of 1 x 10%° cm™. Thereafter, a silicon oxide film 113
is formed thereon to a +hickness of 100 nm, by way of
example, 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 technigques thus
providing another insulated gate electrode 114 of the
0.18 pum gate length. This gate electrode 114

constitutes the gate of a thin-film MOS transistor.

25 Note here that unless otherwise the protective film



2 0 FEB 2003 - 51 succeeding circuitry of the next stage responsb eFé?ﬂmﬁ
recei pt of output OQUT. This enbodi nent is under an assunption that tthe

| evel holder LHL is not required to exhibit high-speed 5 operations; thus,
thick-film MOS transistors are enployed therefor to suppress current

| eakage. |f high-speed requirenent is applied then | evel holder LHL may be
constituted by thin-filmMOS transistaorgg iLn such case; care should be paid
to the circuit 10 design in order to ensure that possible current |eakage
therein is not greater than that in the main inverter section. It should be
noted that it is inpermssible for the level holder to be unconditionally

| ocated 25 anywhere in the circuitry; byway of exanple, any intended
function would not be attainable if it were inserted at a "m dway" inverter
out put OUT1 or QUT2 of the nulti-stage CMOS inverter circuitry of Fig. 8.
Thus, it is a nustOfols | EvEPeRorticbne HRT@BLPRS | REEPt B S0 SA sefRet ed

position associated with a specifjic signal transn.ssion_ line required to
hold the logic Ié@%?ee%ﬂﬁcﬁﬁg ec%@%r%# E'%n%?lgﬁy%%fﬁiMo%"t¥%9§+§t?5ai is,
at an out put node in Fig 8, A seventh enbodipent_ of .the |nvention

W 1T now b 25 exTiiRdirty teethi B EEH prTeted e et bR 2

FEB 2003 - 52 Crbomhdbpid 8Pdokife £i4 51 0 IOAIRNY Jedd Ol df A o7

certain enbodi nents enploying thin-f transistors to formthe

"inverter,” ghe prideipdeBe of Jhe i o k&l RATRA RRPIdRD | RiRer
types of 5 circuits with any functions insofar as these are constituted
fromthin-filmMBLisaSE S1Or Snt£HEuOEA by ion implantation into layer
103 to a concentration of 2 X 10%° cm™ at 20 KeV
providing p-type source and drain regions 115 at step
(c) of Fig. 1. Since a voltage applicable to thin-film
10 MOS transistors will be extremely lower in potential,
the aforementioned "hot-carrier influence" problem
encountered with thick-film MOS transistors is not so
serious avoiding the need of employing any electric
field relaxation structure, such as the LDD structure
15 discussed supra.

" Subseguently, 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. After formation of an

20 interlayer dielectric film 116 overlying the entire
surface of resultant structure, 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



such exanples is shown in Fig. 9. Fig. 9 shows an integrated circui  OifBn2003
the inverter of Fig. 5 being replaced by a NAND gate having two inputs
(I'N1, IN2). 20 Wth such an arrangenment also, it is possible to prevent an
increase in power dissipation in a manner simlar to that of Fig. 5. 1In the
enbodi nents shown in Fig. 5to 9, the control circuit coupled to the
control signal CS 15 enploys thick-fil_miOS transistors having thick-film
oxide filnms; however, the present invention should not exclusively be
limted thereto and nmay al so enpl oy ot her devices capable of controlling an
anount of gate-to-source/gate-to-drain | eakage current of thin 20 film MOS
transistors in response to control signal CS. Use of MOS transistors
greater in gate-electrode depletion ratio than those of the nmain circuit is

one exanple. Using MOS transistors with a specific thinfjlmgate insulation
filmof decreased?§8BeSPERkagB PRI2E3NANERHER Ié%’éFrﬁF%d chyppl RERLBYRES - 53

Further, as per the epbodi wn_in Fig - he escrl S not
specifically direBf¥d FoaﬂggFfﬂ%agg sf?ﬁ?@de?ch?Sﬂﬁ % i%rs

to b d t hi the fact t t
ol ot od regar ) ELEF O SRRETRES SUbh domil WL 1% ¢4 rﬁ%%vt%” e
practical use. Fog.ipsiancsilplnysDeedr LRDISE, 20 thah. s SUBSLE 2L o

el ectrodes of p-typ tran5|s ors are couple to't first power supply

Vdd wher eas §hosepetafisbyge ME 20ctT RSt SERIS @bRelOwif® Seramspouer
supply Vss. Alternatively, in the enbodiment of Fig. 5, the substrate

el ectrode of the tRhiokhéss M5 thonsi gaee TRduDayibe £0UP|Behéoch heatvol t age
Vcdl whereas that of thin-filmtransistor TN1 is to Vcsl. In this case and

15 ordi nary or stahdar diicied |t)irof £ IOMOMO S verdreri stidh itshesuwsubdhaat even
el ectrode being coupled to the power supply
upon application of low power supply voltage of 1.8
volts, an electric field created within its gate
10 insulation film will be 5 MvVem™? or greater while
simultaneously causing it to measure 1 X 10°% Acm™® in
magnitude of gate leakage current. As can be readily
seen by those skilled in the art, this thin-film MOS
transistor was manufactured satisfying the currently
15 available submicron-scaling rules in the semiconductor
microfabrication technology; 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



may be used w thout the need of any extra nodifications. The senicond?g¢992m3
integrated circuit device as 20 manufactured by the fabrication schengs
described in conjunction with Figs. 1 and 2 is adaptable for use with any
one of all the circuit configurations of Figs. 5 through 9. Further, the
enbodi nents of Figs. 5-9 will offer nore successful results if they enpl oy
25 circuitry inherently less in operatidd frequency. The 2 0 F EB 2003 -
54 term "frequency" as used herein refers to the ratio of operative or
"active" periods to inoperative or "inactive" periods throughout operations
thereof. One exanple is a word-decoder/driver circuit of nmenory 5
circuitry. Typically, single-port nenory circuitry comes with nultiple

wor d- decoder/driver circuits corresponding in nunber to word lines, only

one of which is readglednacth¥espbla aMBeWpile cebdesbagatbactiinglihe
remai ni ng, increased nunber of word 10 decoder/driver circuits, which in
turn results in aghentoeasetha phveshdildsirpateontHaeetsiepnshanosur r ent
flowif gate | eakage is available. Even if this is the case, use of the
af oresai d enbodi neneénatytenabfeipower cdinpdepalyyohurn dé€redsesuphsuch

mul tiple inactive 15 word-decoder/driver circuits. Figs. 12 to 19 show

ot her exanpl es of st heathbokaf FhAr&S NighSi sEbeMPAsEPt £4AWNMER hBinofilm
reduci ng current | eakage during standby periods_in circuitry including
therein thin3fil nfVERSEFPRASFsEbFeNaPLIFP12060HRYI TR MO Figsendedand 13

are exanples in the case wher i nput I N and out put . are identical in

Togi ¢ Level to caBHVERTEFSauPE nghet BRABS be T CaaE A8 sHbir FRGHGEnEs |

it is known that g | NSOUTSS BLadll! Pe-2L809RY PRL' Q88-L0SP, 08Fa Sy tch ML
distance--namely, by enlarging the gate length. This
method well matches the MOS transistor design scheme

10 which has been generally called the "scaling rule."

More specifically, employing those MOS transistors
without the scaling treatment will be sufficient;
however, this does not come without certain "pain" in
that resultant chip surface area increases.

15 Another approach is available to increase the
impurity concentration-eof 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



2 0 F EB2003 - 55 nmay be inserted at a node on the Vss side only) PEBUHN3
no switch used on the vdd side. As shown in Fig. 13, if it is true that

| N=OQUT="L" during standby then one switch MP1 may be inserted 5 only at a
node on the Vdd side with no switch used on the Vss side. Here, the |evel
hold circuit LHL is provided for holding the potential |evel of an output
during standby. Figs. 14~-17 are exanpl e of the case where the 10 input IN
and output OUT are different in logic | evel fromeach other during standby
periods. As shown in Fig. 14, where IN and QUT differ in logic |level from
each other during standby periods, a switch is inserted at either IN or OUT
in order to 15 elimnate occurrence of | eakage between IN and OQUT. If

IN="H' and OQUT="L" then insert it at Vss and OUT, or at vdd and IN. In Fig.
14 a swtch N11 is at Vss while switches MP4, M4 are at OUT. In Fig. 15
the switches are FH?@Fted not at Vss 20 and CUT but at vdd and IN (as shown
by MP1) MP5, MN5). In_cases where_a smﬁt§ is/are |nserted ab .ap,aut put

node OUT required to 5tfer Pn&Fegggdegé l&FF&FﬁgeggﬁPVFy of' maplvaggllty,"

t he exanpl e of Fi b re gﬁg éﬁﬁﬁgﬁggﬂé of
25 the necessity g %gﬁgkkkutgﬁg9suéﬁﬁ % e§§é8§9%§ggﬁé%¥ %
56 of a MX tranéfétﬁéﬁkleEtEHCBEaéﬁQ gahe EhQEEra%@'Shoh% §eﬁrahb¥e
consi dered undesirable. As shown in Fig. 16, where and

l'ogic level &rom eaghsehbe&sda&bagsgbangmévﬁee&sozglsmacsnﬁwcte;bﬁsmtﬁ/ are
inserted at INor at OQUT in order to
Fig. 1 in a way as will be set forth below.
An n-type silicon substrate 5101 is prepared with

an element isolation dielectric region 5102 made of a
thermal oxide film 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-film 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



prevent current |eakage therebetween. Were IN="L" and OQUT="H " insqy ¢RI
swtch MP1 at Vdd and switches MP4, M4 at QUT. ~In Fig. ~17, swtches are
inserted not at Vdd and 10 QUT but at Vss and IN (as shown by N1, MP5,
M\5). Practically, the exanple of Fig. 17 will be nore preferabl e because
it is generally undesirable to insert switches at the output node OUT
required to offer increased |oad drivabijdity. 15 Fig. 18 is an exanple
adapt abl e where the logic level of nodes IN QUT is kept unknown during
standby periods while IN=QUT is true; in this case, switches MP1, M\l are
inserted at Vdd and Vss respectively. No switches are required at TN and
QUT. 20 Fig. 19 shows a further exanple adaptable for use in receiving a
plurality of input signals (IN1) IN2). During standby, |INL="H' and

| N2=QUT="1L"; hence%.a swtch MPLl is at Vdd whereas switches MP5, M5 are at
INL. 25 As appar ehfifkpffehefekafpres ofheigRsulbing s§pecture g 003 -
57 insertion locatien of thick-filmMOS transistors for reducti on of gate

| eakage current iSCBRENYeEBI BOEABNGOBFatti e6F ERFLTRt S¥RBAPFOyRYFLace
Consequently, it is not neﬁessarg tolimt to exactlg ghe SﬁnePinsertion 5
met hod t hr oughout SEHEBAt FRE BPFRRDI Er §VEEHER SRAPCEREE2LFRDi hRePEabl e at

appropriate locatigps.Lh.a_caseby.mase-fmanner,anong riqus. f t-1:Q
PELISE09RA 21%shdw STher Rl e or The BRI Hal Q™

circuit blocks. FI'g ow ot her “exanpl e

circuit.LH.510 Olﬁe&_t EYogf 05E91¥§Qge?9{eﬁﬁé§}ao§§&iae§lﬁgfrbiﬂ?é hon of two

i nverter stages, erein transistors o atter stage are sufficiently

less in drivabilit¥nthaiyt Bes€opbaapi09bs SRbLaAEatOUR| €8 40 an input IN,
and yet are significantly greater in tunnel |eakage 15 current than the

same. - Fig. 21 sbomseadrexionl 6fWeth 10¥ kart ert staga exfatidr groladeei ng
nodified to use a clocked inverter. This may inprove the design flexibility
as to the transi sbér4@uKeeéntatitevabtiveyy, 26het saheuhdy blee nat ealinédtbyn t he
above description of _the enbodiments, no particular limtations are given
with regard to theserafspsevionhteshordnvadrped howgseticém.- will be
recommendabl e that the thin-filmMOS transistors are of |ow threshold val ue
wher eas t hel®5 t hPeRseananbhes arsihigaer oxhdehfesRoP 40V al seforppdide 2

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
patterned 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 cm™® at 35 KeV to thereby
provide spaced-apart n-type impurity-doped layers

25 S109L in one n-type layer 5104 of substrate 5101.



2 0 F EB 2003 - 58 former. Wen | ow threshol d-val ue transistors af @ FEB 2003
enpl oyed, what is called the "subthreshol d' | eakage current can fl ow

bet ween the source and drain; even if this is the case, such
source-to-drain subthreshold 5 | eakage current nay be interrupted or cut
of f by use of high threshold value thick-film MOS transistors as inserted
bet ween the power supplies. Several enbadi ments as will be shown in Fig. 22
and its following figures of the drawing are drawn to the 10 circuit
configuration basically enploying therein a conbination of thick-film MOS
transi stors of high threshold val ue--such as 0.5 volts, which may render
subt hreshol d current | eakage negligible--and thin-film MOS transistors of

| ow t hreshol d val ue such as 0.1 15 volt, or nore or |less, by way of

le. It should al b t th b d
iﬁﬁgﬁiﬁents,Sa??hsnéﬁgﬁaaiﬁﬁgi§?ega.eeh?eﬁoﬁ23a$é35$52%ﬁén5¥%Sa?ae$bO?ﬁe

| ati f I j h
{ransi stors versust: oa OB P AFn RSB ar Ee Tl SR cRLFT FhoRED 08
transistors, it m%kéfygra L s ;fgﬁg VEstgsdﬁéégﬂeéR apgéﬁgggdlp@ut vol t ages

at the thICk film n5|s or ga es are higher than the I nput voltages

at the thin-film beagshet obnoalen rife 1N dndRdidmmdod nangisd ors are
increased in gate insulation F E B 2003 - 59 filmthickness

permtting appli cahpepied Héﬁ@eﬁ M@ytaaeaohbewt DoRSimpraat£divht h
thin-filmMOS transistors whereby current drivability of thick-film MOS

transi stors may i neckasguescwithnghy. averafe Soxtbodraeids béikygset Sat
t hrough 21) this can be
5 x 10'® em™ 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 function 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
chemical reaction 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%5
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



attained by increasing the anplitude of signals CS and /CS. In such case
the thick-filmMOS transistors are to be greater in gate length tha? gﬂﬁ
thin-filmMOS transistors. This serves to increase the threshold 10 9 IERJ003
of thick-filmMOS transistors while sinultaneously enhanci ng device
reliability of highvoltage operable thick-filmMOS transistors. In sone
enbodi ments of Fig. 22 and its succeedi G figures of the drawi ng, there
will be shown circuit 15 configurations basically arranged to apply a high
voltage of 3.3 volts to thick-filmMOS transistors while applying a | ow
voltage of 1.5 volts to thin-film MOS transistors, by way of exanple.
Several types of exenplary sem conductor 20 integrated circuit devices

enpl oying the principles of the present invention will be described
hereafter. See Fig. 22) which is a bl ock diagram of a sem conductor

i ntegrated circuithéevpeecendndydinginheirhveaspeat Fa ghtef 8LE6RFAGef | gures
of the drawing, 25 different kinds of lines are used for clarity 2 0FE
B 2003 - 60 purp®3e8: SHhe R1tvyRe HMRULEEH B i PRI SRR BY rtitt bl ocks
nostly including thig-filn1NCS transistors in Ii%ht of the_area rat%0'
broken or dotted FFRLRREREIPE ERFRBFEUBFoERSAHEFAPS ERBFEHFRGELANCRIFPI m
MOS 5 transi stors; d, solid-and-dotted line pairs are to circuit bl ocks
each using both tﬁiﬂ?fiFW|and thick filmtransistors therein. A nain
circuit 2201 including.a d (RY; i i .and ¢ ssu out put
signal s via¥%n 10 inpg?/Sﬁggu%g%ﬁﬂéﬁggkrgéftng%zihgﬂggﬁﬁ?% gﬁ?@u?? 2201
al so accesses a negBhyr&Rt| MOET B¥arRSVor 6PRAMi nfOEneXgaBLeL1 ¥EBrEde
menory-direct peripheral circuit 2204 to receive fromand transmt signals
toit. A standby soprméasutéesi Lo( poypewaguppl ¥xempieol circuit) 2206 is 15
provi ded for control of selective feed of a power supply voltages) to
thin-filmMOS transi shbterwtbbmatieapect tiie phdelealiespeored &bd0¢. the

Typi cal | y) )
overall top surface of the structure is washed using

10 hydrofluoric acid. 2 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 thereon. 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 102° cm
20 concentration. A silicon 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

photolithography and dry-etching techniques, defining

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



internal signals of sem conductor integrated circuit devices are d'hf?hﬁmﬁ
in anplitude fromthose outside 20 them To conpensate for such si% él
anplitude difference, a level converter circuit to be later described is
provi ded for conversion of potential |evel therebetween. In Fig. 22 the
menory cell array 2205 is 25 configured using selected kind of MOS
transistors 2 0 FEBZ003 - 61 negligible in anount of tunnel |eakage
current (thick filmMOS transistors). The gate insulation film of such
transistors may be an oxide filmwhich is as thick as 5 to 10 nm by way of
exanple. 5 The main circuit 2201, /O circuit 2202, nenory direct
peripheral circuit 2204 and standby controller 2206 enploy as their main
elenents thin-filmMOS transistors. Particularly, the main circuit

containing therein logic elements is increased in ratio of thinlQ fi MOS
transistors used5lAd FERSEEEMRRA HPedig8tSs SSFGTT OGN Rech 55”%‘?&955 8}9@

5-21, the thin-filmM)S transistors int ciLcui are_arr ch
that they are cap&BiRs it o& 'HﬁﬁtﬁrgiﬁﬁrerggﬁP&%? é %gﬁggggﬁgp % by 75
switches in order_ tq reduce,current, | eak Aur i st.an Li,ods.

Thi ck=film MOS t i gtogrege&%ye e d™F rang%c %glomdé%}qst&%pﬁ'?%iu%?(g?cggt

swi tches disenabling flow of5 'ﬁﬁlﬁ)ag?cn?’”r£€nEORQVOH99\é§.5§§§ SMi 1 £hes per se.

These power supply switch transistors turn on and 20 off selectively

under contrgl of ghhe %tp%r%@’—a%@tr At e? 2081 cHY S s5@MHC @RBEEOENINt egr at ed

circuit device is arrafnged to enploy thick-filmMOS transistors also for
certain transi st @railSed e L filnd MOSCivreidis t2hr it Glteg r(egt.ly
receive an input of relatively |arge 2 0 FEB 2003 - 62 signal
anplitude fromthe exdwdagueaitlhe G teyp,imt hiewp tdrarrtive tid cerfdiied MOS
transistors for use with the power supply switches. This is because of the
fact that higher cyet Eoni tshamredisigpny it 4de MbOn—hsinstdr £ egte required
for the I1/Ocircuit to which significant anplitude of signal.s are input,
and that thick-fidkaivogh raeh S & aaty Ghoam \iiyde &EaWingafeTvol t age

breakdown | evel. The thick-film MOS transistors fri)r gate l, egka9e~r eduction
in the thi Ad%i| mBvWxposes of illustration only. After an ilnteriayer

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 substrate 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



10 transistors as discussed previously with reference to Figs. 5-21 may be
enpl oyed as the high voltage MOS transistors for use with the llo?ﬁFEBEMB'
It is possible to reduce process conplexity by using the thick-fi
transistors for the both MOS 15 transistors. The nenory cell array 2205

i ncl udes rows and columms of nenory cells as required to continue storing
data during standby periods, which are Bormed of thick-film MOS transistors
negligible in tunnel 20 | eakage current. Enploying thick-film MOS
transistors for these nmenory cells m ght cause the operation speed to
decrease; on the other hand, this enables resultant circuit to be free from
t he power dissipation increase problemdue to gate current | eakage, naking
it 25 possible to continuously transfer power supply 2 0 FEB 2003 - 63
voltages to the nenpry cells even during standby. nversely, . thin-filmMOS
transistors are u Lgs%/%l?tlc‘é?t%"luhne n%‘?@lg%%‘flgf?%a‘f%lfeenhbt I)rﬁeéfhlllrsed to
retain informatiogtherein durl Sdar ékf%ﬂéc@@'PL%%éfmh st andby,
information stored In nmenory cell's w T disappear;” however) it is possible
by interrupting t¢ades £LeOfs oMo POVEFe SUPPhYE VAL ER0EN 1 d he) MBI O
elimnate an increase in power dissipation due to gate | eakage. Al so, in
cases where the nesmd YmadsneLSSs | thadd Uit ehsiEragtotapatbddinent hgtig .
continuous power feed results in a nmere negligible increase in gate-I|eakage
power dissipationl) t hanmeraypecaill iy subisitardte 260 1f dsmpdeplrted wof i | m MOS
transi stors. For exanple, register files are inherently small in capacity
15 rendering reswhish drakkerenturismtahion ididlectnic megprarcti®al aense;
rather, these are nore inportant in operation_speed. Desirably, such menory
is formed of thi MTIYRR MOBPYFERS 5195 .20h and &M TOfRRI cHTERUY ite gratesd
circuit device of_this enpodinent, it is 20 preferable that certain_nenory
circuits such as %t HeR)E9MNeH | BpSPAMTRY: t HEXS kEREPI-GYPENLAYET HORD3S
transistors. On the oth rthand hhﬁ%ivo taq&ﬁgPMFs eed c'rguits.wpich are
driven with hi gh YoI9ages Ak AF° Feduiteu toDMTRIH rHpPeOrS

responsi bily Yy zfézgzg B 20 L6 AOVETe SHPPL Y FADTE AL S GGNG% A 3184 5PT &,

for 20

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

15 cm™?

or more or less in average impurity concentration.
Impurity doping into layers 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



- 64 exanple, are preferably formed of thick-filmMOS transistors. --~n
the exanple of Fig. 22, the ICchip is driven using at feast two kin?@ ?EB
power supply voltages Vccl, 5 Vcc2, where Vcc2 is higher than Vccl. % 2003
thick-filmMOS transistors are to be driven by power supply voltage Vcc2 of

i ncreased current supplying ability whereas the thin-film MOS transistors

are by Vccl. It can be readily seen by thege_skilled in the 10

sem conductor art that while the foll ow ng enbodi nrents assunmes use of Vccl

of 1.5 volts and Vcc2 of 3.3 volts, such potential values nmay freely be

nodi fied insofar as they satisfy the relation of Vcc2 > Vccl. Wth the

sem conductor integrated circuit device 15 of Fig. 22, high speed operation
is expectable since thin-filmMOS transistors are used for nost of the

maj or units therei Berfa$gNkg or integrated circuit device al so
enbodying the invention is sﬁggggﬁﬁ ERgiads arpps g20sdgubpdetbstbambeabhy
formed of a main cofcytind3fd Lp ' logic,circuits and the like, /0
circuit 2302, and standby contro%ﬁgg%ggff g§53bthn9hﬂ@r@&hnpiecmhe vol t age
Vcc2 of 3.3 volts aseextesmad) | yo SYPPS hereto i assed to a potenti al
reduction 25 circuit 2304, which caus%ggr\}%f? Jg%n\lagzgt%) Jeﬁdlcs)pClnb’\/\/raxt 20FE
B 200 - 65 at 1.5rccdlerdniqn oxOeddtSF r_supply vol tage Vccl .

Pot ent i al re%ucti on ]::i rcuit 2304 mayg be orrlﬁt hIg Same ¢ Pﬁ%bﬂﬁt’l‘f?ﬁl@q oget her
with the maim cir AR4YSdid arhe (s, ayoval terat i@ Ve i d be formed on a 5
separate chip. Min ci&bc)?ui t 2301 is nost] yi%%nsﬁ {9 SRS HA%HIZ0H | m MOS
transi stors to speed ¥ Speratdame IFDOEdHo R RIUGH] jrcuit 2304

mei nl'y consists of; thi ék-ffi Im MOS transistors. 1/0 2%%152% & arfuisipred
control I er 2303 i nEI0dE 4 EMBENSUPSTate Surface areas exclusively

assigned to formation of pPower-supply intercept

- : . ] + .
tIaIISlS tors GXhlbltlng normal Clrcuit Operations to a
’

10 concentration of 2 x 10% cm™? at 35 KeV forming an n-
type polysilicon 208 at step (b).

Due to a difference between process parameter
settings at the phosphorus ion introduction steps
resultant gate electrode of a power-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%° cm?3) only at its upper sections while causing itsg
lower section near the underlying gate insulation film

20 to locally decrease in impurity concentration (approx

1 x 10'7 em3y, Accordingly, the gate-electrode lower

section decreases in carrier density allowing the
transistor to resemble in electrical characteristic

t ’ (]
hose MOS transistors with a thick gate insulation

25 £ i i
i1lm. This may in turn minimize flow of a tunnel



10 "hybrid" of thin-filmand thick-filmMOS transistors therein. In theﬁ?
cCircuits the thin-filmMS transistors are driven with Vccl whereas 20 FEB 2003
thick-filmones are with Vcc2. 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 |eakage. Controller 2303

al so causes an output fromI/0 2302 towagd_main circuit 2301 to change at

"L" level. When an input to main circuit 2301 is at "L" while the power
supply 20 voltage fed thereto is at zero volts, then nost nodes within nmain
circuit 2301 are at "L" reducing power dissipation due to tunnel-current

| eakage. As can be readily seen by those skilled in the art, where the
thin-filmMOS transistors are low in threshold val ue, 25 resultant power

di ssi pation due to flow of, 2 0 F EB 2003 -, 66 _subthreshol d | eakage
current will be retRiSY adcortdihdare ATiiafero® ment is shown in Fig.
24, wherein like reference nunerals_ are used to .designate |4 5 ts in

t he enbodi nent of Fi d{f"z%’r JrrPPnf a"sa%h%a‘? Oﬁ%o?ll%dlso%? ipd(;?ma/e’r %J(ﬁ%b'l i es
Vcecl, Vcc2 are externally fed to 4. I i P; ol I ld pecY

circuit 2301 and ‘ot leq?sc%rf aO%glésewi 1?1%1 2@0%%‘45) J’foz)ﬁr:(riréra %’1‘1 at éi gﬁeﬁf%ln;@gqlvos

transistor. During st kRS 1 Q0S5 dO S andhn Gl TRy 203 GRS e .
switch 2404 to tggh §%$q?%férruptlﬁa feed of power supply Vccl. Like th

enbodi ment of Fi grhedB, A iRl Axild 230 405 T8l tyed @6 Ty sA30kdrs
forced to change at "L" level. Switch 2404 may be on the sane chip al ong

Wi th main circui tx082mBGl abrotdierds HirlmlIEr natd aibjemy dre a di screte
power MOS transistor externally wired to the chip. Here, switch 2404 is a
thick-film MS t neatsiestroimg Ipr ar e sribarpiweyo ik dutapfy tanel Riny-e23hing
enbodi nent, when an input to main circuit 2301 potentially changes at "L"
20 whil e the powereBupisiues dpaHaretantie atearrmsie sisliands a0 nejlor atodes
of main circuit 2301 are at "L" reduci ng power .dissipation due to_tunnel
current |eakage. SeRmMPondGetsr elecigrated 1O tcult 1detMcén282ERDOEYPRY  t he

invention is shown in Fig. 25, whi i , .
10 Since gé{e éaectrégg fﬁl 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 (c¢). Ion implantation may be
employed for introducing of p-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



2 0 FEBR2003- 67 sinlar to that of Fig. 23 with a specific cirJduFEB 2003
being built therein for conpensating for any possible variation in
operation speed of the main circuit. In this drawing also) |like parts have
the sane reference 5 nunmerals. In this enbodinent the main circuit 2501
cones with a delay nonitor circuit MONL. Delay nonitor circuit MON1 is for
nmonitoring in principle a delay tinme ofgpogic circuits within main circuit
2501. Accordingly, ~delay nonitor circuit MONL is formed 10 using thin-film
MOS transi stors which are the sane as those of main circuit 2501. Del ay
monitor circuit MONL may be a ring oscillator, by way of exanple. A
potential reduction circuit 2504 is provided fox receiving voltage Vcc2 to
issue a potentially 15 decreased voltage Vccl, and is responsive to receipt
of a signal from del ay..noni.tor_.circuit i 8| i rguist. . 2501, for
controlling the \Fﬁeucé'f c:‘—’l\r/1(91yt a?é“eo"‘%cT itnl\ﬁgs\lt]?cllﬁwalq%ay%ogs #%chcogr%%glnsate for

devi ations of delcaéfnréelint t‘if élci .i%a@iro%i E\M’ge@’l 099.'3?“ k!ﬂk@r”@ggmggishr cuit

2501 due to environ al “variations su S a variation in process

paraneter during dhemBHEAGISE fi JTRIdIGId Gl (X1af)SisS tans anden i n
anbi ent tenperature. This may "be attal nable by use of phase | ocked | oop

(PLL) schemes one-fp-Wiiseh pddede 13 s o rGesT rdheted aNREQEdten cailt h
Fig. 28. By way of 2 0 FEB 2003 - 68 exanple, suppose that the

t enper at ur e 3 i sesintErcasiay ildre wiedlayw dsper tiifvd agienclisten tteroamstli t uti ng
main circuit 2501. If this is the case, potential reduction circuit 2504
attenpts to potemadsd.| yAsnoeeasearys Secanguandokhaygd vbéb-leadversely, if
tenperature drops decreasing the delay tinme of the logic circuits _of main
circuit 250Z, théRParas mady rbamﬁda% inshdtivesos FEEesrsufEe veel to
decrease in potential. vklherebyg the~logic circujts forging main_circuit
2501 10 may be k&Rt EFFstArk- | Nog&l B¢rei reathiBugh§upanutacture of this

embdédiment 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 reguires mere



operation. A sem conductor integrated circuit device further enbodying the
invention is shown in-Fig. 26. Wiile in Fig. 25 the nmonitor circuit WONER B3
provided to 15 nonitor delay tine of the logic circuits constituting the
main circuit, this enbodinment is arranged so that the characteristics of

MOS transistors or logic circuits which constitute the main circuit are
measured during the reliability test prggedure in the 20 manufacture of IC
chips while allowing resultant device information to be stored in a nenory
unit 2605. Upon receipt of a control signal issued fromthis "device info"
menory 2605, a potential reduction circuit 2604 operates to determ ne an
exact value of 25 voltage Vccl. Hy way of exanple, inagine that the 2 0F
E a z003 - 69 transistors constituting main circuit 2301 under nanufacture
are greater in threshold valge t han exgected bg circuit design If this is
the case, store sTERCUETENi AL MRRDFYT5BE5°80 GRCEo1REHLREpOReht i@l 5

d [ [ it, 2604 d i dified " upd " I
of vl tage Vool wHRERCPESH BATERST Hofct HBCFRF ( FAPEy CECROnES DaFtaL

Alternatvely, whgge ubeoghiper FLLADLLLL VaboRlel SRlkbeReuEals (he fact that

the threshol d val transistors formn e naln Ccircuit, store

corresponding data i nameApEy 2B3acAALNGLPe! ABLI BL Eedueibel GhERult 2604
to generate and i ssue anot her updated val ue of voltage Vccl which is bel ow

the initial slesi gReyatéfce WHNFSHEh 8 sehesie emydyer ard dxnrts Pogsdise to
conpensate for fabrication deviations. Additionally, the device information

to be stored i n neacthysR&Obngayndeptaansesl otohhi @gshatlonabfiea transi stor
saturation current value, or any other equival ent paraneters thereof which
refl ect the del ays@fi¢comduofor hentegratedrcinesitoasviteat emgodhengmtne
circuit. Also, as for the storage nethod thereof, any schene may be

enpl oyed. One recHAveRta®re Whepedn stogage behenmbayYasubsdeplieowen af net hod
of changing the value of a_reference voltage Vref of a potential 25
reduction circuit tRESWAPPAEPRRE I eTeaRyEIEal 4 nkt hddsross-sectional

10 view of the layout taken along line A-A' of Fig. 3.
The IC device 1is 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 length 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



2 0F EB 2003 - 70 wusing the FIB processing fox cutting away a fuse
(alumnumw ring lead) by an ion beam -Wilile the nethod of Fig. 25 %&§EBZW3
conpensate for environmental variations such as the process 5 paraneters in
the manufacture of main-circuit transistors, anbient tenperatures and
others, the nethod of Fig. 26 may offer capability of conpensating for the
process paraneters in the manufacture of ,main circuit transistors only.
Instead, the latter is nore 10 advantégéau§ than the forner in that any
area over heads can be suppressed or mnimzed with sinple architecture
used. O her approaches other than those of Figs. 25 and 26 may be still
avai l abl e for conpensating for 15 environnental variations such as the
process paraneters in the manufacture of main-circuit transistors, amnbient
tenperatures and others, which approaches are also within the scope of the
present inventioncha Ure reedplargrisen e sonfanArRieRrvite IEAYDt enti al
reduction circuit_(voltage Ilimter) 2304 of Fig. 23 for conversion of high
vol tage Vcc2 to |Rnaiet teyetakke fer strwoate HrpsubgtioniLidmiasage liniter
2304 is controlled in responding to a control signal 25 fed fromthe
standby control | éfe3bRed RTEGAMHY ontf Bhe ¢ %‘eﬂﬁﬁl_rei’@ms short

when such dielectric film is thick, then subthreshold
5 leakage can occur between the source and drain
disenabling complete turn-on/off operations.

The internal structure of the semiconductor
integrated circuit device of this embodiment will be
expiained with reference to Fig. 4. While this

10 embodiment basically employs thin-film MOS transistors
to attain high-speed operations, it is furtherx
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
transistors TP have insulated gate electrodes 310,

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



and off transfer of voltage Vccl. This voltage limter handles relatively
high voltages, and therefore is principally formed of thick-filmM3%( FER 2003
transi stors. Note however that it remains perm ssible for a phase 5
conpensati on capacitor CC to exhibit current | eakage which is as |ess as
several mcroanperes (~A). Employing thin-film MOS transistors enabl es
resultant circuitry to decrease in chip area. In particular) capacitor
CC~typically ranges from several hundreés to 10 thousands of picofarads
(pF) in capacitance, which in turn serves advantageously to reduce the chip
area. Transistors formng a voltage divider circuit DIVl are also allowed
to exhibit flow of mnute | eakage current on the order of several u.A;, even
when such | eakage 15 arises, MOS transistors each having a thick gate
insulation filmmay be enployed since this circuit will nerely act as a
vol t age divi di ng RespsepfFe Fggrageeaeb@ETé degegnrired EBAfEREPati on of the
delay nmonitor circuit MON1 and potential reduction 20 circuit 2504 shown in
Fig. 25. Del ay nohREBFaELPRUFtINORA BAPROVE2RSHFHET 05Ri | #3FforCHhcl udi ng a
chain of CMOS inverters, ThkﬁﬁfirEUit def i pes §¥L circuitry. A
frequency- phase cbﬂ%é?%FSF i 8% cbhABEt BHCF oFF tonparing the oscillation
frequency of del ay noni 5.¢iLrcul ] C kgn - to
§0R0=§E§%7éﬁkewsgfwgﬁg%grﬁa £08H $198Leliyieg

the main 20FEB Citc X driving an assoc

char ge- punp i r cUihe Bl DLOYGH. beyebn CORMEEEEES 363 180 GukilligOTaghar ge

punmp CP is sent forth throug OW- pass ter LPF to be issued at an

output as the refgpgpgerVRblagethrMigh wRaSRALRE ¥bihshes hend Ohta06s Ves |
will be produced in conformity with a clock signal fl1. Here, ring

oscillator MON1 andlrtoapagater ePeEtxas@es oo feteobet bivef ttandlBsranstst ors.
Charge punp CP enploys thickfilmMOS transistors since it uses voltage Vcc2
as its 10 power sepetyrifehtiercogpiéd bmi Hicstcleadopayarsveldn IYHichr oni sm
with clock signal f1 may enable it to operate with an appropri ate power
supply vol tage as3hbxandl By7 optheaddavars Fd &l o6 fareyrarneatias &of the g.
29 shows anot her exenplary configuration of 15 the delay npnitor and
potential rkuctiBRUEFRCHPESOBE Ef glooBC-THECEHF MPE r X HRS FF PTr 2 PNQST
simlar in basic whereas lead layer 315 is to the "common" drain region

thereof. Lead 317 connects the source of one logic-

circuilt MOS transistor pMOSL to the drain of power-

supply intercept MOS transistor pMOSV. Lead 318 is

15 interconnected to the source of power-supply intercept

Moé transistor pMOSV. -

A second interlayer dielectric film 319 formed 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



configuration to that of Fig. 28 wth the power supply Vccl fed to the main
circuit being separated froma power supply Vcc3 as fed to the dela%UFEBZMS
nonitor circuit. 20 Voltages Vccl, Vcc3 are inherently identical in
potential to each other; however, Vcc2 can experience m xture of noises
fromthe main circuit. In this respect, in order to suppress adverse
influence of the Vccl noises upon the_dghay nonitor circuit, the power 25
supply Vcc3 for the delay nonitor circuit is 2 0F EB 2003 - 73

i ndependent from Vccl thus inproving the nonitoring accuracy. Fig. 30
illustrates an exenplary configuration of the I/Gs 2202, 2302 of Figs.
22-26. This drawi ng shows 5 one-bit part only. The 1/0O handles in-chip
signals and external signals via an I/0 term nal pad PAD. Wen SEL is at
"L" level) PAD acts as an input_ termnal; when SEL is at "H " PAD acts as
an out put t er ni n&ontRIteVle Gy iacand ARG er Yao i et F e dei iRt b0 a
control 10 signal STB i ssued frqm standby controllers 2396 2303 (see Figs.
22-26); when STBWitihithq 2 ‘Weﬁw%t?é’rﬂ}btr't YL UTRRTIE PITRT itFi%he

anpl i tude of Vccl_.inta.a sian an .Jncrease qﬁg%i e .of, \cc2 ichis
sent forth from octftrﬁﬂlrt gforﬁg“r% OgAli}.og cC ocrlg:?c?\“lgﬁdcy, ‘%:Iuea(rj[lsallsnt N cq(M 1'Tm MOS
transi stors conn l.evele.conv Iégb /0 d 1 gl 51 AD axe
formed of thi ck-?ai %%Lfm%g{%itg}tegrfsl. &jre%“?%r Sl gr%qyls_/@& Cﬁ{stf%c?llpuat to the

gate of a pull-upPNER HARARY Shpiy) i%tfé}&a@mdéwéraﬁﬁrgm |44 815,

required, the signal 20 potentially falls at "L" level permtting execution
of pullup oper at inJt hestec tHRMOR Itrsg ISt ly Hies gRM¥pd natvedstaipplsy a

thick-filmtransistor. During standby periods of the IC chip shown. the
st andby control sirgretcepiB MD® entared il gt ariss gMGRV "adt'e cusimg de\els 25
converter LCl1 to hold or retain the |ast potential
remains permissible to connect n-type power supply
intércept MOS transistors nMOSV each having a thick

10 gate insulation film between logic-circuit MOS
transistors nMOSL and a second power supply line. This
configuration will be shown in several circuit
diagrams (see Fig. 5 and Figs. 6 through 9) to be
later presented.

15 A fourth embodiment of the present invention will
be-éxplained with reference to Fig. 5, which is drawn
to an inverter circuit of simplest configuration.

In Fig. 5 the reference character "L1" indicates a
CMOS inverter, "TP1l" and "MPl" designate p-type MOS

20 transistors, and "TN1l" and "MN1l" 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 TP1l, TNl correspond to



2 0F EB 2003 - 74 |level of an output since the on-chip thin-film MOS
transistors are prevented fromreceiving any power supply voltages) gi¢gp 03
power supply interception. On the input side, an inverter consisting of a 5
pair of MOS transistors 4004P, 4004N receive an externally supplied input
signal with anplitude of Vcc2 for conversion to a signal having the
anpl i tude equivalent to Vccl. Accordinglys; these two transistors handling
such | evel -converted signal are formed of 10 thick-film MOS transistors.
During standby periods any signal fromI/0 termnal PAD is cut off by a
PMOS transistor 4015P2 forcing an input signal INto be potentially fixed
at "L." Resistors Rl-R2, diodes 4002D1-4002D2, transistor 15 4014N are
connected form ng an input protector circuit. Additionally, diodes 4002D1,
4002D2 may be fornmed of MOS transistors. Those MOS_transjistors included in
this input protectdPsg& &Fni gH- P&l Fdge thiFEEPECEHVREE -t r BRSi $8bFs. 20 Fig.
31 shows one practical configuratio f the | eyel hoI& nd g vel converter
circuit LCL of Fidps§6?tﬁ89e&lﬁgﬁdgg @pﬁcﬁfﬁn§iﬁf°F§ gipoﬁ ﬁv@rfo st andby
control signal STE f.or._potent.i kl hal.di Lan £ Meel ﬁﬁglitude;
thereafter, the r gﬁﬁ?ﬁ%gngéng °¥§ § @@%vgfgggl%§°?5vg%iéonvefter 3102
into a signal of pog Efg B,20Q35if0¢ Xﬁ%ﬁ 2ERL! Lpde p’% hal $htRegar
generated at outqu 8%?. Fgf g% sﬁéws gnot &t pract ca cgnPigurat 8r°of
the level hokd andpleuekieanyenhen ikl odist thehs@&ebr@ TP1, TN1 will be
referred to as the "thin-film MOS transistors" or
"thin-film transistors"; transistors using a thick
gate insulation film like 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 MP1l is inserted



30. In this enbodi nent the standby control signal STB 5 is supplied at a

m dway node between a | evel holder 3201 and | evel converter 3202. 1@V¥éB 2003
hol der 3201 is placed at a | ocation near the output side as |ooked at from
converter 3202, for potentially holding a converted signal with the Vcc2
anplitude. 10 Upon conparing the enbodinents of Figs. 31 and 32, it may be
appreci ated by experts in the art that #hese are functionally identical to
each other in performng | evel conversion of a small anplityde,(Vbcl)
signal into an increased anplitude (Vcc2) signal and in 15 conti nuing

out put of the |ast potential value after signal STB changes at "H' |evel.
Note here that the fornmer is nore advantageous then the latter in that
necessary chip area renmains less. Fig. 33 shows one exenplary configuration

of the 20 standby n I 0, E =126) LR SUE TY
shown receives anb%%ﬁ% 1{)sél g%fa]fgé?%? N i\%‘céﬁgﬁpﬁ??ﬁﬁgzﬁﬁrﬁbgﬁgelnﬁ% 2
circuits 2202, 2301 phetdies |4 ken AREL BENRTMESSc Pind £¥ELr GARY6f $1 8 villen
inverted output signal /STB. This circuitry is not under strict 25

hi gh- speed requi r@neatsnd apéledNUSuHIS1PDSE S Vad Oraresk ofnverk & FLE BuR@ed - 76
thick-filmMOS transistors in order to suppress flow of | eakage current,
except that certatiiposironstoy 1¢ fendisw it gedcesdingdiamgls t ude enpl oy
thin-filmMOS transistors (as enclosed by ellipse tenplates to 5

di stingui sh & hem fdwmndhenotiel sypetatiogpenioddl factontrrl aigssodiSt ed
circuit for issuing the STBIN signal can also be in the wait or standby
state in responsels$ 2% e STBL @iHpah )ox he'ti kewrl r y UponFirgcedPtpedy EBdS

the' STBIN signal from becom ng, unstable 10 during standby periods by

causi ng transi st cfeREE0H S t EhEFERE 1 e MOB oAPIASOrS ki AfEnt of

its potential level. A mcroconputer system enmbodyi he jnvention is
Shown i n Fi g 34 CHR Vb ST chiEss SHOUER PR h o Sl BTt ha
cocomban o2 3 1 SAEe% Sl RPLAE 5 ol b TR TP Ak oacne
transistors,o If ajfal g i 9h-Speed (A ackRi St €3 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 between the
15 first and second power supplies Vdd, Vss via thick-
film MOS transistors MP1, MN1l causing power
dissipation to increase as a whole. When this
circuitry is out of use, namely, during standby
periods, the control signal CS potentially drops down
20 at a logic Low or "L" level. When this is done, thick-
film MOS transistors MPl, MN1 turn off forcing CMOS
inverter L1 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



70 tro fow

is nore inportant than power dissipation reduction 20 then certain elenents
under such high speed requirenents are fornmed of thin-filmMOS transistors
provi ding a hierarchical nenory structure. Likewi se, TLBs (included in

bl ocks 3410, 3411) and register files (in blocks 3405, 3406) are nostly
conprised of 25 thin-film MOS transistors reduci ng power dissipation 20
F E 8 2003 - 77 therein. The m croprocessor of Fig. 34 al so includes
instruction issuance unit 3412, 4gferter al - pur pose register 3405, floating
poi nt register 3405, integer 5 arithnmetic unit 3407, floating point
arithnmetic unit 3408, and |oad/store unit 3409, which are fornmed of
thin-filmMOS transistors in view of the fact that they are under

hi gh- speed requirenents but negligible in affection~{)aﬂgxﬂﬂ0ﬁﬁ ssi pation as
| ong as capacity 10 renmains smaller. Standb lp@ﬂﬂﬁ%ﬂ?er 3413 an% | /0 3414

may be simlar to those dlscussed Egpthlc 1g. 35 sho @.gxﬁﬂﬂ§'sect|onal
devi ce structure of t | A@suCeshown i n Flle301nl?ﬁ this drawing the part
desi gnat ed g/ %gf ‘charact e "quca I nput 1 é)gc_p;geéﬁ?r' circuit

wher eas part A is an /gbaﬁ@%% t) which cgg@glﬁév? erein a_leve

converter cCi ql tMNAnaﬁ type 5| 688 paBstrate 4006 g@s{mgpl’f‘ype wel | 4007P

and n- type 4007 &% ment se @ld 6 ~ Eﬁ on 4008, heidng provided
t her eon. u%&w- gfe# 20 Iayerscﬂcﬁ)sL@F’l aILfOOQPl 4{2 M are
provi ded as the sourc @dlé fafFR reglon§ £t an F Ap protectlon MOS

e el

transi stor pMggls. aRf and R2 are.y enenHi «H3Q4P1, 4004P2, 4000N2,
4000P2) 4004N1 and 4004N2 ka?r"e'5 the sour ce and XM regi ons x%céml 25
conver si on MOS; 0 @R#ET St or . §4b|g)m0%)‘4P4 are thgslpatlo

ower Nl
e in?P ors MPl.

elim]
of the
.. of

embc)ﬁ':‘—‘—"\ewC
10 ins

25



Z 0 F EB 2003 gate el ectrodes of MOS transi stors 4004P, 4004N. 4004Ns3,
4004P3 are the gate insulation filns of MOS transistors 4004P, 400410 FEB 7003
wire lead 4013 is for supplying the power supply through contact hole 4012.
5 Here, the level converter in the I/Ocircuit area enploys thick-film MOS
transi stors 4004P3, 4004N3. The remai ning arrangenent is simlar to that
showmn in Fig. 4. Figs. 36'through 42 ghgg sone exenplary 10 configurations
of a mask ROM Typically, mask ROV are“designed to store binary data
ei ther by causing electrical charge as precharged on a bit line to
di scharge at ground potential or by forcing such precharged charge to be
hel d thereon at a specified 15 high potential. Fig. 36 is a functional
bl ock diagram of a NOR type mask ROM whi ch enpl oys the diffusion-Iayer
progranmm ng schene. A word decoder 3604 is connected to receive N sets of
row addr esses andepe@iment @Drcwoitmm bdsidiesting@ikkaklel tmdnatare from
predefined integers) for selection of a single address (W th one nenory
cell as a unit). Bi®¥ dkeeVyeinBeOers iespbati veet of fechliveressfisword
decoder 3604 for driving the neopry cell with sel ected, address. Note 25
that since nmenory'QeF 1'$PMRrBOAFEIFRFHRY OF HRECROFPEATIOD FEEE @& 2003 - 79
MOS transi stors as mﬁl% be | ater described t$e mo;d Iﬁne g@p#%tﬁgg i S set
at a higher poterft34t et VebPSL1RALRET of Aot SoPIRF A FOeFR 38D 2 bl as
Lhi ck-fi1m MO transi siors appLiedy vik Neohbec ol Lage.of o agl nop eased 5
anplitude whiil e calsi ng addréss signals oOf decreased potential anplitude
(Vccl) as nornall ; L.aki u d driver
3602 after conver%ﬁ%ﬁ?%%E@ﬂ%ﬁ@%€€§§§?§%%#§ §§3%ﬁ€%%§m§?gﬁ§$§‘%? ?ﬁ% | eve
converter. Wrd dagesieima994 10 handl ing smal | -anplitude signals enpl oys
thin-film MOS

Next, a fifth embodiment of the present invention

wili be explained with reference to Figs. 6 and 7.

10 This embodiment is three-stage CMOS inverter circuitry
employing a series 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 transistors 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
Vcdl-Vecd3 of three CMOS inverters and also between the

20 second power supply Vss and power supply electrodes
Vecsl-Ves3 thereof. Causing the control signal CS
applied upon the 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 TN1-



transistors. A nenory cell array 3601 includes a predefined nunber of rows
and colums of nenory cells enploying thick-filmMOS transistors bpgfpgeef
the fact that if otherwi se these cells were formed of 15 thin-film

transi stors then unwanted | eakage current could flow via associ ated word

i nes, where a maxi mal anobunt of such | eakage current nmay be defined by the
nunber of cells operatively associated ysth one bit line nultiplied by gate
| eakage current per cell. Use 20 of thiTk-filmtransistors for cells allows
the menory cells associated with on bit line to increase in nunber) which
in turn permts enhancenent of advantages of the invention with an increase
in data storage capacity of nenory array 3601. |If nenory array 25 3601 were
arranged using thin-filmtransistors then 2 0 FEB 2003 - 80

non-sel ected cells could cause flow of | eakage current adversely behaving
to i npose noi se MNG uresluming tpdvieresiisgiipgtidsults in a decrease in

signal -to-noise (S/N) ratio while increasing the risk of occurrence of 5
mal function. A | evel Fonihs tawbIbgmentshemmnt iFier Bedaufpurces of

st andby~control | er 3606 .may contain both thin-filmand thick-film MOS
transistors. In tHEA7esk Softrﬁnﬁ.l%“@r%&%ﬁ%&gytg’lﬁ I“B¥%R00 f or
storage of a logic "1" data bit cones with 1 transi_stors. _ILn ot her
words, the "1" %%a (égllQﬂﬁﬁgﬂﬁﬁ ﬁﬁﬁu?%ﬂ%}%%} usi‘om U§QErP°mﬁ§n one
word |ine 2 go ' (HD o] i alsed 65,1853 QGI el MWN11 turns
on causi ngv%i t | ?sﬁléﬂégjl]ltlcgﬂd% c\))ﬁraggmw%d " J"t}* et\?léﬁéﬁlﬁ?%sgi tuation the
data "0 St or age (Gehls it MINLbrRRIIId Wethyderd RARTSHIORAIC Ul ot go

| ow even when word Iine WL1 goes high. Fig. 37 shows a NOR mask-

enpl oyi ng the ioniiggy adal, eedd QAR PTG e Bcold ok sRghiiys sim | ar
to that of Fig. 36 with the nenory cell array 20 being slightly nodified in
configuration. Oliereasidd)s vdwer ewivehdshicheanV@tradgempntensimilyrgo hi gh,
the turn-on/off control of cell transistors is controlled based on the

t hreshol d val ue ‘dvaoftagmsh tMOShosandirsttdre case of Fig. 6 may be also

10 attained.

Comparing the circuit configurations of Figs. 6
and 7 with each other, the Fig. 7 configuration will
result in a decrease in occupation 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 operation of each inverter due to insertion of
transistors MP1-MP3, MN1-MN3. In the case of Fig. 6,
the gate width of transistors PM1l, MN1l is determined

20 to be identical or equivalent to that of transistors
TP1l, TN1l, by way of example. In the case of Fig. 7,
however, 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



25 Fig. 38 is a cross-sectional view of one nenory 2 0F EB 2003 - 81
cell of Fig. 37. The logic |level of stored data is determ ned by vEf§ FEyi2isd
whet her a corresponding M3S transistors turns on or off when its associated
word line is selected. The word line is equivalent in 5 potential to an

out put signal of word driver 3602; hence, it is Vcc2 (>Vccl) in this case.
Accordingly, the term nology "high threshal d value Vth" refers to Vth >
Vcc2. In the case of low Vth, the relation Vth < Vcc2 is established since
it is sufficient for MOS 10 transistor to turn on. In this enbodi nent a
diffusion |l ayer for reduction of Vth is provided beneath the gate
insulation filmof a MOS transistor coupled to word line W21. Fig. 39 shows
a NOR mask- ROM enpl oyi ng the 15 contact-hol e programm ng schene. This ROV

| to that of Fi b | ht |
hgd?}rgdarn gonfgﬁﬁggﬁ Ign ﬁéélPrQSSEEPEEng%ﬁ§itSNNﬁ§ rgkng g I%Iary
t but of_ diff ~H 20
B L or an-outBYE-GEBenarng tapon wASPREFtEE e EoARSLEERYey M%Ee s

BL3. Fig. 40 shows @h%r8§§m§§%tb?”§§% ngj or, %ghb&ggoggeogpqgggepell of the

array of Fig. 39. shown, "t he ri "haid s transi stor is not

connected to bit ;29ehtBesBL3. rendePel BEpBrili3e a82a Ehﬁe 4&c%69ﬂ%c%%§AND

mask- ROM enpl oyi ng the 1on inplantation progranm ng schene
simlar to shat eheFhfte3@idthholft $ramEBEYceel Mralray14i8ldeeingesdl bghtly

nodified in configuration. MOS 5 transistors constitute a cell block. A
storage data bitapprdetinakl eallnel dagsariaguesuffitient” 6lrrdepesdppdy

to such single inverter. Thié 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 control 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
LH1, 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



upon whether these MOS transistors are of the positive polarity in 20Fffg 003
threshol d val ue (enhancement type) or of negative polarity (deletion tym$
In this enbodiment 10 a MOS transistor MMNMn is of the depletion type. Wen
one selected word Iine HS4 potentially goes high, a bl ock-sel ect transistor
BSMM turn on. Simultaneously, any one of the word |lines associated with
this block is selected to go lowin potenti-al. Suppose a word 15 |ine Wn
is selected. In this block cell a current rushes to flow allowing the "L"

| evel signal to be output via block-select transistor BSMM. Fig. 42
illustrates a cross-section of main part of the nmenory cell of Fig. 41.

Li ke el enments have the 20 sane reference characters. LJhile the principles
of the invention are applicable to several types of mask- ROV as di scussed

above, it will be rg?dll ﬁ§g§? b gerg5tge b el GUL 32%55835?9§dt?0 \NOR

reduction effect 8f raxi m zed when-a ppri

type menory deV|c§§cel§t OoF EPE%EQ 83 which inherently tend to
experience an increased anoun aEage current due to their structure in

whi ch input nodes arerhAgr easedimnRuikelncRsUlahi BGsL@Wivse cohtargeeat
nunber of parallel arrays of MOS 5 transistors therein. A DRAM device al so

enbodyi ng the inveaiednhbsdshopnii AsFher 4equifea PBRAMKhiBLEUJBSgRAsHEEH
circuit 4311, standby controller 4306 and word driver 4312, nost portions
of which aresfornmegdepétibhek- thiie, MOBitR-fiamsMoEorsaandswbhrehaaee desi gned
to operate with power supply voltages Vcc2, Vpp that are higher than Vccl.
A respective one efpleragdi sherefairt honsuprperesycurrapt43eakaapl oysf a
thick-filmMOS transjstor in order to prevent electrical _charge from

| eaki ng out of 15haﬁha§36€ﬂa?€§ué§?§9§Fo#§gépEébaéiFbﬁn Fgvedr hoéder

menory-cell thick-filmtransistors ines Ware arranged to carry and
handl e | arge anplFﬁad@a¥op?a§@n§F§ﬁHF§d Pﬁ FHF§ €aim MPg§, t gﬁ?ﬁb§€§r6f
elimnation of current eaka romc 8 rs ot, ?g occurraple 20 in
prior known DRAMsMTi PYF ?38 ﬁﬁst§ ﬁeﬁﬁ?% E@I Franstitbrs be of

nign thresnohd Voé{aé‘?gge%‘?%ﬁ& 313 sé§é8tﬁ$9tﬁ?%%?ﬁ%ﬁ’&i?éﬁt“w 4316

handl i ng snma S are orned transistors for
drive by the |0“’Y95R§S§ @ﬁ@kéln 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 QUT1l or 0OUT2 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--
that 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



25 supra. A sense anplifier 4305 consists of a 2 0 F E B 2003 - 84

conbi nation of thick-filmand thin-filmMOS transistors. |nput circgg¢553m;
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 & rcuit preferably enploys
thick-filmMOS transistors at its certaln part in the 10 prestage of such

| evel conversion to Vccl. For the sanme reason an output circuit 4320

enpl oys thick-filmMOS transi stors. The DRAM shown is simlar to the

previ ous enbodinments in that thick-filmMOS transistors are for use in
controlling the power 15 supply(ies) as fed to the thin-film MOS

transistors in address buffers 4315-4316 agnd_ decoders 4313, ,4318. Although
not visible in FiegPosidmendy, &@éoﬁéﬁ-4§1§sé5ﬁpaﬁd%°§H@F§§ﬁ &PFEGeTEonvert er

S anal | (Vop) whi GEOLE R APPSR 5 RS, T BACAr A STE A '8 Senbodi ment
(e voLLa Ve g st Sof MALALCClshaghed vokis plcigydspol (>
al ternatively be /it QUOALICY o GRY &4 M5HW0 3B19%a & Bchek 8488305 SS
5 circuits with any functions insofar as these are
constituted from thin-film MOS transistors. One of
such examples is shown in Fig. 9. Fig. 9 shows an
integrated 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-source/gate-to-drain leakage current of thin-
20 film MOS 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
example. Using MOS transistors with a specific thin-
film gate insulation film of decreased gate leakage is

25 another example.



chip voltage converter. Fig. 44 depicts an inside configuration of the
sense anplifier 4305 of Fig. 43. This sense anplifier includes a phDﬁEBﬂMB
parallel bit lines B, /B, which are 5 precharged at VDD1l/2 by a precharge
circuit PC during standby periods. Sense-anplifier drive lines NCS, PCS are
at VvDD1/2 | evel. Accordingly, the sources, drains and gates of transistors
TP11, TP12, TN11, TN12 constituting~one_sense anplifier unit SA are all at
10 the sane potential |evel so that néiéﬁer subt hreshol d | 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 NMN11- MN13 constituting the precharge circuit are
specific MOS transistors each having a thick gate insulation film

el i minating tunnel cuFrehhereakagperThbseembedanenee shquhréd Fbgbe bf9t he
hi gh threshol d val ue since the source and drain of_each transistor is kept
i dentical in potehbfaflesqringignois MELSRRELIEERM YglaReFFesr gb® b YG are
also thick-filmM3S transistors._This is in_view of 25 ,the fact that these

transistors recei V8®atUPRET 2L gaftectr2d8s FOE HOZ06330S88 LR BtEptt B of
tandby peri ods.  FHRLP48ICnGHAE & Bor ST FACRORRT GLPA| SREB! hAR Sence
anpli f1er Cigouity 4500 APHL elApalecansLghoadel Vot WinathEesausional s AT,
connections are configured in practical 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-type MOS
10 transistors are to the second power supply Vss.
Alternatively, in the embodiment of Fig. 5, the
substrate electrode of the thin-film MOS transistor
TPl may be coupled to the voltage Vcdl whereas that of
thin-£film transistor TNl is to Vesl. In this case and
15 ordinary or standard cell(s) of CMOS inverter with the
sugstrate electrode beiﬁg coupled to the power supply
may be used without the need of any extra
modifications.
The semiconductor integratea circuit device as
20 manufactured by the fabrication schemes described in
conjunction with Figs. 1 and 2 is adaptable for use
with any one of 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



In currently avail abl e standard nmenory devices, since the nenory array(ifEB 2003
subdi vided into portions called the "subarrays," certain address signal
(normal |y, several upper bits of those of a row address signal 10 used) is
required to render operative only sense anplifier units associated with a
sel ected subarray. A NAND gate NA1 and inverters IV1-1V2 employ thin-film
MOS transistors. During standby, the Ai,. A, ~ signals are at "L" |evel and
signal SANis also at "L" while 15 SAP o4 at "H; accordingly, switches are
inserted between the Vccl line and the power supply nodes of NAND gate NAL
and inverter 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

provi ded for maintaining the potential |evels of signals SAN, SAP.
Precharge circuitgseNeS' fPeSuenplyoyashiskdf hepebSrefansi sbothe Patye of
transi stors MN20, MP20 make use of 25 thick-filmMOS transistors. This is
to prevent flow obper&cfiivé & B"2008ve” speribdakageivaperatibet meen the
sources, drains and gates of these transistors which are at different
potential |evels Hurépgiveanpeyiodsgthneughows operageapsathereafi guinaion
of the 5 main anplifier 4309 of Fig. 43. As_shown, this main anplifier

consi sts of a conBXHEARPI®niHfatWRrar FeePERt/ X l1ufApl FLFEr1tt afcBeRRIY MA2,

Thie s In [ ght SHTRLTRCE TRRSHI R0 TS PIE A b Get Bocause a
prechar ge circuit (hol shownh,proes aupkifierablpyt:Langl 0, /DO and
ge outpul “Signal's L nor eover “second stage out put "signal s
activation 15 11 aRe ST Ore AR 30 ATeore et er S R PR rahe stors
preventing currenyniRn L epakhAg-£8 Qc8iPOUg CAQURLRE #RiYVO| £ 888e NSy
inaétive the remaining, increased number of word-

10 decoder/driver circuits, which in turn results 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 TPl-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



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 1dsFEB 2003
di scussed previously except that the structure of its nenory array 4701 is
di stingui shabl e thereover. Menory array 4701 basically enpl oys therein
flipflop circuits which are forned of thick-filmMOS transistors. 25 O
those transistors constituting nenory aégay 2 0F EB 2003 _ 83 _ 4701,
at least data transfer transistors (alsd”called the "access transistors")
are to be forned of thickfilin-transistors because of the fact that if

ot herw se these were fornmed of thin-filmtransistors then 5 unwanted

| eakage current could flow via associated word lines into bit |ines, where
a maxi mal amount of such | eakage current may be defined by the nunber of
cells coupled to one bit line nultiplied by gate | eakage current per cell,
t her eby causing frhawy o Ifsertadiget curnede somdvee Sésy diedervdmigy t+ ovitiduce
noi se mxture on bit lines resulting in a_decrease in S/Nratio. Gate

| eakage current OF° t#ielteeisehen rgrei¥ddrsidg her than such transfer
transistors is devoted to an ipcrease in power dlssiPation on

ly; 15
therefore, unless powe? R piRidhdisldo FhpdFtaft EreResRahed BV TRI M- fil m
NI OS transistors.. The greater, t nunber of, ry. cells connected,to one
D et Se b inne S hdrts, S fRnam S hf IS R
significance of t of  this { nyenti : The oes.-with the
t r ansf er-trgjnsi st%f%@%ﬁ%aﬁ%e%?s%&al%#%gmftfzrgn% esr :ta{r%lg‘}ss cilo\r,égsn wer e

less in threshol dy@gpid L%jﬁé hegyndeshy, eq]el KaQ8 £ W;hent; ccouhd &l ow into
ma f ea i

bit lines, where a maxi anount of suc age current nay be given by

the 25 nunber of weddsacouUdLthdIy thd potentidl i ndved &y an SudkdutE B

2003 _ 89 source-to-drain subthreshold | eakage current of transfer
transi stor per cellrifddistatiiersely serves to i nduce noises on bit |ines
causing S/Nratio to-decrease. To elimnate this, the transfer transistors
5 are increased in thFfeghol T4 vH umre Tokanpleat ¢fi nladl ease where the
10 input IN and output QUT 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 order to
15 eliminate occurrence of leakage between IN and OUT. 1If
IN;FH" and OUT="L" then insert it at Vss and QUT, or
at Vdd and IN. In Fig. 14 a switch MN1l 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 MPl, MPS5, MN5).
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



by adequat e adjustnent of an anmount of inpurity as inplanted into the
channel s of such transfer transistors; or alternatively, the sane nmed0bE&B 2003
attained by designing themso that the gate length is 10 sonmewhat

i ncreased. Fig. 48 shows an exenplary configuration of the word decoder
4704, word driver 4702 and | evel converter 4703. Wrd decoder 4704 receives
at its input small-anplitude signals, -aB& thus is formed of 15 thick-film
MOS transistors while further including a thick-filmMOS transistor MI11
for interruption of gate | eakage current during standby. Wrd |ines

i ncluding one W. of Fig. 48 are driven with Iarge anplitude signals so that
word driver 4702 is designed 20 to operate with the power supply voltage
Vcc2 with a | evel converter 478 being inserted between word decoder 4704

ond driver 4702 LveluGenUELgL s8I0 | SoforapptgplactaLevalachvarsian,

O
froma small-anmplrrtu arge-a e"srgna eénpl oy

25 fi1mtransistors ghnlis) i Q0@ her I8 SnhosgeOBilly = 2 0 F E B 2003 -

90 simlar to tha I scussed previously In connection with Fig. 33. The

standby control signahsSIBogResnhFal . duki ngnatandRyaRQr bodsaterder iAg power
supply Vccl off. 5 Thick-filmMOS transistor MNI2 forces an out put W.2 of

| evel converter 4783ito0l@vebhi ghoakadh3ovRbt SQUEBNG Bganabd péntodE, t® be
potentially held at "L" level (zero volts). This nay prevent current from
| eaki ng i ntosa bi switokéésbuispira ieseryedeatsINdoriayg QUaAnibyordér The
word decoder 4704, word driver 4702 and | evel converter 4703 may be
basically sin|arpravent current leakage therebetween. Where IN="L" and

OUT="H," insert a switch MPl at vdd and switches MP4,

MN4 at OUT.

"In Fig. 17, switches are inserted not at vdd and

10 OUT but at Vss and IN (as shown by MN1l, MP5, MNS5).
Practically, the example of Fig. 17 will 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=QUT is true; in this case, switches
MPl, MN1l 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 MP1 is at Vdd whereas switches MP5, MN5 are at

IN1.

25 As apparent from the examples of Figs. 12-19, the



configuration to those used in the SRAM and DRAM devi ces statedzgdﬁﬁammFig.
49 shows a detailed configuration for 15 practical use of a sense
anplifier/wite circuit 4705 of Fig. 43. The bit-line potential does not
af fect data storage so that power supply Vccl may be off during standby.
This sense anplifier/wite circuit enploys thin-film MOS transistors. 20
| ndustrial Useability Wth the foregobfig-sem conductor integrated circuit
devices in accordance with the present invention, significant practical
advant ages are attainable with regard to the fact that it is possible 25 to
reduce power dissipation during standby periods Z0FEB Z003 - 91
w t hout having to slow the circuit operation. 2 0F EB ?003 - 92 Wat
is clained is: 1. A sem conductor integrated circuit device conprising on
the same substrate a plurality .of @an§i%&—5iHB¢mbsoxwé@sééﬁPEénaagtor
(MOS) transi st oriss@irtiOPedC Ay i ckness of a gate insul ati fi_lm, wherein
sai d device has main ci rc%[ﬂ;{a GONYdKdyee duirremtati s CAF" q‘ﬁ P Ros
transi stor havi mpRFHCE | gtlon filmwith a first v Iue.knighhggness of
t hose of said pIurmile/fﬁcigéugiéﬁeﬂgibﬁéﬁlr§n§ﬁ§@@P§F gnd*Contro
circuitry incl udi’lhagc%lt 4east one second MOS transi stor hr?é"f@id?h gate
insulation filmwth a second maluecgremerly Haie s%ﬁ“ﬁef;frs% val ue in
t hi ckness, whi ch?SotTce-drain path is inserted, bet eﬂ,sgﬁghn§%{té&é£uifry
and at |east one of Lo RR¥EEhSUPPLhesent 158 %Il’i%u\?l'\rglr ‘circuitry, wherein
sai d contro? cirQU|¥ry control s . 1ocations in a case-by-

are insertable at appropriate 10¢

1
Figs. 20 and 21 show other examples of the leve

hold circuit. LHL.

i ination
circuitry of Fig. 20 employs a series combina

i of two inverter stages, 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 leakage

15 current than the same. o

- Fig. 21 shows an exanmple with the latter stag |
Fig. 20 being modified to use a clocked inverter. This
may improve the design flexibility as to the
cransistor current drivability. |
20 Tt should be noted that in the above description

i imi i are
of the embodiments, no particular limitations

to the transistor threshold value;

given with regard

in-£film
however, it will be recommendable that the thin

e whereas the

u
MOS transistors are of low threshold val

i an the
25 thick-film ones are higher 1in threshold value th



magni t ude of | eakage current flow ng either between a source and a.b&féﬂﬂw3
between a drain and said gate of said first MOS transistor by controlling
on/of f state of said second MOS transistor. 20 2. The sem conduct or
integrated circuit device according to claim1l, wherein said | eakage
current is due to tunnel current. 25 3. The sem conductor integrated
circuit device according to claiml, wheggein said first MOS transi stor has
a gate insulation filmof 3.5 nanoneters (nn) or less in thickness. 30 4.
The sem conductor integrated circuit device according to claim1, wherein
t hi ckness of the gate insulation filmof said first MOS transistor is 3.0
nm or | ess. 2 0F EB z003 - 93 5. The sem conductor integrated circuit
device according to claiml, wherein thickness of the gate insulation film
of said first MOS transistor is 2.0 nmor _5 less. 6. The sem conduct or

i ntegrated circuiftoxXas ceVBeBoA@Wn §hreSBLARMY R UEh EXEF L§4PT Ss8&6nd MOS

transistor has a gate insulation filmof 5.0 nmaor greater in 1Q thickness.
7. The seni condu1G¥R%egrditadd 1§ rdh et dice s&g't%fg’{ﬁsﬁ'd’%tdo glleaﬁ of
wherein thickness_of the gate . jnsulation filmof said second MOS {ransistor
is 10.0 nmor 15 Cd‘]'re%ﬁrgr Cg"é“ ef‘llr?é" ? 'wceo‘?r{ﬂf&eoﬁqqﬁceegrﬁidfrca}lflc’uietved’levllsfce
according to claigpn.l, | n.JJpurd CgeN At - ?gyyggﬁ ction
is different bet Wg_el:lelr];S sl\giqgﬁfél p:s %% transi sttg&r %r%d&ga% secon(f%%s
transistor, seven i %@_éd@er@wtﬂé"ﬂﬁﬁé g ¢ &dd '$if MPuse

0

transi stor and conductivity type said second MOS transistor are the

sane. 25 9. The semiGyHlutrdsHdtE@Fahed tH I i deWEe e idgd el aim
1, wherein said first MOS transistor and said second MOS transistor are
different in densidserdedlilsdtwdnit itdie gfowear rsupplids 10SeTeeaden conduct or
integrated circuit device according to claim1l1l, wherein said main circuitry
i ncl udes at | eastempralinggites G ouiltl be ZMpva BB B@03 22 &hd 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 as input to the gate nodes of thin-film MOS

20 transistors 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



11. The sem conductor integrated circuit device according to claim1,
wherein said control circuitry includes at |east one power supply
interruption transistor for power supply intercept. 5 12. The senicgﬁhﬂéayms
integrated circuit device according to claim 10, further conprising a |evel
hold circuit for holding an output of said logic circuit or said nmain
circuitry when said second MOS transigtgg iL.s off 10 state . 13. The

sem conductor integrated circuit device according to claim 12, wherein said
| evel hold circuit conprises said second MOS transistor. 15 14. The

sem conductor integrated circuit device according to claiml1, wherein said
first MOS transistor operates with a gate voltage of 0.8 volts (V) or

above. 20 15. The sem conductor integrated circuit device according to
claim1, wherein said first MOS transi stor operates with a gate vol tage of
1.2 V or higher. B%lm THal cleme e Rt ind RpRl EeRkEior Pt RAGhR 25
according to claiml, wherein said first MOS_transistor d said second MOS
transi stor are driETPESS gHREF TP 137 SOHRIFLT Sft CF ntlbjcﬁ'eﬁ’t 193 om each

Clai m 1, wheroi n SHAF T 10 NESTTBAS CTOFT i TSR 557 Bl 1. Betien
hat “appl | od {0 o515 SR (B U i ARSI D B B T e
sem conduct f | Nt &Rkt S Wk trLa] o AGANGH o1 ! Origlaidld pd Ur t her
conprising an input/output termnal, an input/output circuit for control of
i nput and attained by increasing the amplitude of signals CS and
/CS. In 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-film MOS transistors while
simultanecusly enhancing device reliability of high-
voltage operable thick-film MOS transistors. In some
embodiments of Fig. 22 and its succeeding figures of
the drawing, there will be shown circuit
15 configurations basically arranged to apply a high
voitage of 3.3 volts to 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 exemplary semiconductor
20 integrated circuit devices 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



5 output between said input/output termnal and said main circuitry, a
menory cell for storage of an output of said main circuitry, and a?( FEB 2003
menory-direct peripheral circuit for control of operation of said nenory
cell. 10 19. The sem conductor integrated circuit device according to claim
18, wherein said nmenory cell conprises said second MOS transistor. 20. The
sem conductor integrated circuit device %@ according to claim 18, wherein
said nenory cell includes at | east one of a register file, cash nenory,
TBL, and dynam c random access nenory (DRAM. 21. The sem conduct or
integrated circuit device 20 according to claim 18, wherein said nenory
cell stores data therein during standby. 22. The sem conductor integrated
circuit device according to claim 18, wherein said nenory cell includes a
25 first type of menory and a second type of nenory less in access rate
than the first nme@¥pPosard Aedis dineskage awadeo dndoRts CAEFIS or
constituting said_first nenory is %reater t han | eakage current of a MOS

transistor consti BHIGKS FIRS e IR IeRHSy thE L1 1mrpR S Srpgsidtorsr in
integrated circuit .device according to.claim18, wherein sai.d_i nput/output
circuit includes ;‘L‘lgﬁi&afg 5%’@ AFPerit titftie S0Pt |d§’r’f§ie§t oIS areZLé@ FE
B 2003 - 96 power_. L.y Nt er.cept.i qn. . 1.cQN ot,~-nt egrat ed
circuit device acéﬁ%%#ﬁﬁzgﬁﬂﬁigi%@%§$9Wﬁ§lépﬁqgﬁfgﬂﬁgﬁbg§ﬁhingt 5

peripheral cisrcui t nQ;udes At heAst QNG ROVREAHYY Y 1hat SHHML 1297 to

transi stor for power supply interception. 25. A sem conducCtor integrated

Ci rcuit device CORICHMNG KA ddiisS teaMiBicliaiRs iuiedf chavi-17d 1hebweeR Hilk -Sour ce
10 and gate or between drain and gate an insulative filmof a first val ue

in thickness, and fd1%ecaaehsMsborsatblesledh .havi ng between its source and
gate or between drain and gate an insulative filma second val ue greater
than said first val ue & main ckinessit \#2drleiimc sbine e @R coyat regfeidessai d
first MOS transistor.is between a first node and a second node, and a

sour ce-drai n pat h izbugaisd oseden@rkios sisu@ss iosttenti $igaeilsl Mjacedpl ed to a
source-drain path of said first MXS transistor and is between said second

node to a tRPrd ndd@@utdRutindr dild Qdaicd T&¥ddnd 203 t TRASTR1Brcdpcedht t6PL a

current flow ng between said first node and_sai d
9 a&so 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 compensate for such signal amplitude
difference, a level converter circuit to be later
described is provided for conversion of potential
level therebetween.
In Fig. 22 the memory cell array 2205 is

25 configured using selected kind of MOS transistors



third node through the source and gate of said first MOS transistor or
through the drain and gate thereof. 26. A sem conductor integrated CQU@%@QWJ
device 25 conprising a plurality of kinds of MOS transistors different in
thickness of a gate insulation film min circuitry including at |east one
first MOS transistor having a gate insulation filmwith a first value in

t hi ckness, and control circuitry includgpng-at |east one 30 second MOS
transistor having a gate insulation filmw th a second val ue greater than
said first value in thickness, which source-drain path is inserted between
said main circuitry and at | east one of two power supplies of said 2 0F
E B 2003 - 97 nmain circuitry, wherein flow of a source-to-gate current or
drain-to-gate current of the first MOS transistor is controlled by changi ng

on/of f state of said .secand MOS transi r.in.response to a cantrel. si gnal
as supplied to 51'*5‘%‘%&11 G o™ &Mt r‘i? q'?f‘.ne g‘ee%‘\ TddctT renlq:nt(é:glrlact%(ed
circuit device c risig: Cj.rquit_ . nc i ' | t i skor which
10 source-drain :)E;‘ﬁhd i%gd%ettraaéleénlsf%%rgsst) 'angﬂgeggrtl% %g%?&?%gr g?rﬁ}al égkage

current flows ei ther hatueen a,S0urce and A Halk ofetwaeh adrain and the

gate of said first MOS transistor; tirst and second power supply lines,

wherein said 15 segQnd ROver:suRpingm,! iBie way &Jfeddxdngald.y connected to said
second node of said circuitry; and a control circuit including a second MOS

transi stor shi ch sourTiee diiim qiatduits IEIWeeTy Gatikduitst220mle reanbsai d
first power supply line, wherein thickness of gate 20 insulation film of
sai d second MOS tdiaresitstpmr iphemle aihamitthi2de sndofs tgarddy mritatalderf i | m
of said first MOS transistor; and wherein in a first state of said circuit,
sai d control cir@2A%6 serdmys asaitdhesige wd vies ementst sthom-ifsl loh MaSat e and 25
current flow ng through source-drain path of said first MOS transistor
being on state | SEANGREPT andPRAtACEEEEAY  stRfemain circuit containing

therein logic elements is increased 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 that 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



of said circuit, said control circuit beconmes said second MOS transistor is
off state and | eakage current flow ng either between the source and thg0 FEB 2003
gate or between the drain 30 and the gate of said first MOS transistor is
limted. .AlS.ANA A3 A.,.Al.AAI.A . AA

.AU.A(.Ah.A.A.A.AUI .AI[.AUI Al CA{Y.A LA AN A A3LL AL, L AUY. Ah. Al L A(FIL . AF2. Al
A E AY.AfLAY. ALLA AQA2. A @. ANY. AL A, AL AUE. A S2. AL AhY. Anfl . A+ A
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-~“In the example of Fig. 22, the IC chip is driven
using at least two kinds of power supply voltages Vccl,
5 Vce2, where Vec2 is higher than Veccl. The thick-£film
MOS transistors are to be driven by power supply
voltage Vecc2 of increased current supplying ability
whereas the thin-film MOS transistors are by Vccl. It
can-be readily seen by those skilled in the
10 semiconductor art that while the following embodiments
assumes use of Vccl of 1.5 volts and Vcc2 of 3.3 volts,
such potential values may freely be modified insofar
as they satisfy the relation of Vecec2 > Vecl.
With the semiconductor integrated circuit device
15 of Fig. 22, high speed operation is expectable since
thln—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
20 device is basically formed of a main circuit 2301
including logic circuits and the like, I/0 circuit
2302, and standby control circuit 2303. In this
example the voltage Vcc2 of 3.3 volts as externally
supplied thereto is passed to a potential reduction

25 circuit 2304, which causes voltage Vcc2 to drop down
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10m 10m 3! 10%n gfgéﬂey_}SS,] 6ct>3:.€56a7 ggz:Er?a%ivéf{y, it may be formed on a

5 separate chip. Main circuit 2301 is mostly constituted
from thin-film MOS transistors'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. 1In these circuits the thin-£film MOS
transistors are driven with Vccl whereas thick-film
ones are with Vecc2. 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/0 2302 toward main
circuit 2301 to change at "L" level. When an input to
main circuit 2301 is at "L" whiie 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, where the
thin-film MOS transistors are low in threshold value,

25 resultant power dissipation due to flow of
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10%1&' () - - S10%1& o *KUGER' D -RRERRRERSNI@s Vecl, Vec2 are externally
fed to the IC chip; Vccl 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 Vcc}. Like the
embodiment of Fig. 23,:the output of I/O 2302 to main
circuit 2301 is forced to change 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 exXxternally 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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this drawing also, like parts have the same reference
5 numerals. In this embodiment the main circuit 2501
comes with a delay monitor circuit MON1l. Delay monitor
circuit MON1 is for monitoring in principle a delay
time of logic circuits within main circuit 2501.
Accérdingly,'delay monitor circuit MON1l 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 reduction circuit 2504 is provided for
receiving voltage Vcc2 to issue a potentially
15 decreased voltage Vccl, and is responsive to receipt
of_é signal from delay-;onitor circuit MON1l in main
circuit 2501, for controlling the wvalue of voltage
Vcel in such a way as to compensate for deviations of
delay time of logic circuits which constitute main
20 circuit 2501 due to environmental variations such as a
variation in process parameter during the manufacture
of main-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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the delay time of logic circuits constituting main
circuit 2501. If this is the case, potential reduction
circuit 2504 attempts to potentially increase its
5 output voltage Vccl. Conversely, if temperature drops
decreasing the delay time of the logic circuits of
main circuit 2501, then potential reduction circuit
2504 forces output Vcel to decrease in potential.
Wheéeby, 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 MON1l is provided to
15 monitor delay time of the logic circuits constituting
the main circuit, this‘;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 Veccl. 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 this is the case, store
such data in memory 2605 so as to cause potential
5 reduction circuit 2604 to generate and issue a
modified or "updated" value of voltage Vccl 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 emploved, it
15 is possible to compensate for fabrication deviations.
Adéitionally, the devigé information to be stored in
memory 2605 may be transistor threshold value,
transistor 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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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 transistors 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
pa;ameters in the manufacture 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 Veccl 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
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however that it remains permissible for a phase
compensation capacitor CC to exhibit current leakage
which is as less as several miéroamperes (HAa) .
Employing thin-film MOS transistors enables resultant
circuitry to decrease in chip area. In particular,
capécitor CC typically ranges from several hundreds to
thousands of picofarads (pF) in capacitance, which in
turn serves advantageously to reduce the chip area.
Transistors forming a voltage divider circuit DIV1 are
also allowed to exhibit flow of minute leakage current
on the order of several UA; even when such leakage

arises, MOS transistors each having a thick gate

——

insulation film may be employed since this circuit
will merely act as a voltage dividing resistor.

Fig. 28 depicts a detailed configuration of the
delay monitor circuit MON1l and bctential reduction
circuit 2504 shown in Fig. 25. Delay monitor circuit
MON1 employs a ring oscillator including a chain of
CMOS inverters. This circuit defines PLL circuitry. A
frequency-phase comparator PFD is connected for
comparing the oscillation frequency of delay monitor

circuit MON1 with a clock signal fl1 fed to the main

10 h 10 h 10 hs9 10%

U *10%| & () - d& 109°P& () - E{|}~xmbCl d! n' 1092& () -
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in conformity with a clock signal f1. Here, ring
oscillator MON1l and comparator PFD are formed of thin-
film MOS transistors. Charge pump CP employs thick-
filﬁ MOS transistors since it uses voltage Vcc2 as its

10 power supply. Rendering the main circuit operative in
synchronism with clock signal f1 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
Fi;. 28. The circuitri-of Fig. 29 is similar in basic
configuration to that of Fig. 28 with the power supply
Vccl fed to the main circuit being separated from a
power supply Vcc3 as fed to the delay monitor circuit.

20 Voltages Veccl, Vecc3 are inherently identical in
potential to each other; however, Vccl can experience
mixture of noises from the main circuit. In this
respect, in order to suppress adverse influence of the

Vcecl noises upon the delay monitor circuit, the power

25 supply Vce3 for the delay monitor circuit is
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independent from Veccl thus improving the monitoring
accuracy.
Fig. 30 illustrates an exemplary configuration of
the I/0s 2202, 2302 of Figs. 22-26. This drawing shows
5 one-bit part only. The I/0 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. 2 level
con&erter LC1 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
LC1 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/0 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
a 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
transistor 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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level of an output since the on-chip thin-film MOS
transistors are prevented from receiving any power
supply voltages due to power supply interception.
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
Vecec2 for conversion to a signal having the amplitude
equivalent to Vccl. Accordingly, these two transistors
hanéling such level-converted signal are formed of

10 thick-film MOS transistors. During standby periods any
signal from I/0O 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.
Adéitionally, diodes 46b2D1, 4002D2 may be formed of
MOS transistors. Those MOS transistors included in
this input protector are high-voltage thick-£film MOS
transistors.

20 Fig. 31 shows one practical configuration of the
level hold and level converter circuit LC1l of Fig. 30.
Level holder circuit 3101 is responsive to standby
control signal STB for potentially holding a signal of
Veel amplitude; thereafter, the resulting signal is

25 converted by level converter 3102 into a signal of
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Vecc2 amplitude which is then generated at output OUT.

Fig. 32 shows another practical configuration of
the level hold and level converter circuit LCl1l of Fig.
30. In this embodiment the standby control signal STB
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 Vecc2 amplitude.

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
continuing output of the last potential value after
siénal STB changes at ;h" 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
standby controllers 2206, 2303 (see Figs. 22-26). The
circuiltry 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

high-speed requirements, and thus is mostly formed of

41098, )yl

10z
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thick-film MOS transistors in order to suppress flow
of leakage current, except that certain portions of it
handing signals of Vcecl 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 embodying the invention is

shown in Fig. 34. Due to significance of data storage

15 capacity that accompanies with the gate leakage
prablem, a command/insgiuction cache register 3402 and
memory cells 3403, 3404 employ thick-£film MOS
transistors. If attaining high-speed characteristics
is more important than power dissipation reduction

20 then certain elements under such high speed
requirements 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-film 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 power dissipation as long as capacity

10 remains smaller. 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 thereon. Impurity-doped

20 layers 4010P1, 4009P1, 4009P, 4010N1 are provided as
the source and drain regions of an input protection
MOS transistor pMOSL. Rl and R2 are resistive
elements; 4004P1, 4004P2, 4000N2, 4000P2, 4004N1l and
4004N2 are the source and drain regions of level

25 conversion MOS transistors. 4004N4, 4004P4 are the
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gate electrodes of MOS transistors 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/0 circuit area
employs thick-film MOS transistors 4004P3, 4004N3. The
remaining arrangement is similar to that shown in Fig.
4.

-Figs. 36 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 or by forcing such
precharged charge to be held thereon at a specified

15 high potential.

- 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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MOS transistors as will be later described, the word
line amplitude is set at a higher potential (Vcc2).
Accordingly, word driver 3602 employs thick-film MOS
transistors applied with the voltage of an increased
5 amplitude while causing address signals of decreased
potential amplitude (Vccl) as normally fed from an
associative CPU to be coupled to word driver 3602
after conversion of such Vccl signals into Vcc2
sighals at the level converter. Word decoder 3604
10 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
15 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
20 of thick-film transistors for cells allows the memory
cells associated with on bit line to increase in
number, which in turn permits enhancement of
advantages of the invention with an increase in data

storage capacity of memory array 3601. If memory array

25 3601 were arranged using thin-film transistors then
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lines, which results in a decrease in signal-to-noise
(S/N) ratio while increasing the risk of occurrence of
5 malfunction. A level converter 3603, sense amplifier
3605 and standby ‘controller 3606 may contain both
thin-film and thick-film MOS transistors.
In the mask ROM of Fig. 36, certain memory cell
MMNbO for storage of a logic "1" data bit comes with
10 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
"L" level. In this situation the data "0" storage cell
15 MMN1l 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
20 being slightly modified in configuration. On occasions
where word lines W21, W22 potentially go high, the
turn-on/off control of cell transistors is controlled
based on the threshold value Vth of each MOS

transistor.

25 Fig. 38 is a cross-sectional view of one memory
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cell of Fig. 37. The logic level of stored data is
determined 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 Vce2 (»Vecl) in this case. Accordingly,
the terminology "high threshold value Vth" refers to
Vth > Vec2. In the case of low Vth, the relation Vth <
Vee2 is established since it is sufficient for MOS
10 transistor to turn on. In this embodiment a diffusion
layer 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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Fig. 41 shows a NAND mask-ROM employing the ion
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 logic 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 word line BS4 potentially goes high, a
block-select transistor BSMN4 turn on. 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
rushes to flow allowiné-the "L" level signal to be
output via block-select transistor BSMN4.
Fig. 42 illustrates a cross-section of main part
of the memory 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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amount of leakage current due to their structure in
which input nodes are increased in number resulting
from use of a great number of parallel arrays of MOS

5 transistors therein.

A DRAM device also embodyihg the invention is

shown in Fig. 43. This DRAM includes an I/0 circuit
4311, standby controller 4306 and word driver 4312,
most portions of which are formed of thick-film MOS

10 transistors and which are designed to operate with
power supply voltages Vcc2, Vpp that are higher than
Veccl. 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
meﬁory—cell thick—filmﬁiransistors, word lines W are
arranged to carry and handle large amplitude voltage
signals. In this case, for purposes of elimination of
current leakage from capacitorslotherwise occurrable

20 in prior known DRAMs, it is recommendable that memory
cell transistors be of high threshold voltage.
Decoders 4313, 4318 and address buffers 4315-4316
handling small amplitude signals are formed of thin-
film MOS transistors for drive by the low voltage Veccl,

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
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. 1In
view of this, the input circuit preferably employs
thiék—film MOS transistors at its certain part in the
prestage of such level conversion to Vccl. For the
same reason an output circuit 4320 employs thick-film
MOS transistors. The DRAM shown is similar to the
previous embodiments in that thick-film MOS
transistors are for use in controlling the power
supply(ies) as fed to the thin-film MOS transistors in
adéress buffers 4315—4536 and decoders 4313, 4318.
Although not visible in Fig. 43, row decoder 4313
contains therein a level converter for converting the
Vcel amplitude signal into an amplitude-increased
signal (Vpp) which is then supplied to word driver
4321.

In this embodiment the voltage Vcc2 is set at 3.3
volts; Veccl is 1.8 volts; Vpp is 3.6 volts; and, VDD
is 1.5 volts. These voltages may be externally given

or alternatively be internally prepared using an on-
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Fig. 44 depicts an inside configuration of the
sense amplifier 4305 of Fig. 43. This sense amplifier
includes a pair of parallel bit lines B, /B, which are

5 precharged at VDD1l/2 by a precharge circuit PC during
standby periods. Sense-amplifier drive lines NCS, PCS
are at VDD1l/2 level. Accordingly, the sources, drains
and gates of transistors TPll, TPl2, TN1l1l, 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-film MOS
transistors enabling sense operations to increase in
speed.

15 A precharge signal PCB is at high potential
(>§bDl/2) during standg;. Hence, transistors MN11-MN13
constituting the precharge circuit are specific MOS
transistors each having a thick gate insulation film
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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set at ground poten ring

Fig. 45 shows a detailed configuration of the
sense amplifier circuit 4305. Input signals thereto
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,
several upper bits of those of a row address signal
used) is required to render operative only sense
amplifier units associated with a selected subarray. A
NAND gate NAl and inverters IV1-IV2Z2 employ thin-film
MOS transistors. During standby, the Ai, Aj, ¢ signals
are at "L" level and signal SAN is also at "L" while
SAP is at "H"; accordingly, switches are inserted
begween the Veccl line ;ﬁd 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
eliminate tunnel current leakage. Level hold circuits
LH1, 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

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 one exemplary configuration of the
5 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
10 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 signals D2, /D2 to be kept at "H" level
during standby periods. On the contrary, activation
15 transistors MN31-32 are formed of thick-film MOS
tr;nsistors preventing‘éurrent 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
20 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 MQS transistors.

25 Of those transistors constituting memory array
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4701, at least data transfer transistors (also called
the "access transistors") are to be formed of thick-
film transistors because of the fact that if otherwise
these were formed of thin-film transistors then
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
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;
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.

The same goes with the transfer-transistor
threshold value also. If the transfer transistors were
less in threshold magnitude then undesired leakage
current could flow into bit lines, where a maximal
amount of such leakage current may be given by the

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 causing 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 small-amplitude signals, and thus is formed of

15 thick-film MOS transistors while further including a
thgck—film MOS transisEBr 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 conversion 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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similar to that discussed previously in connection
with Pig. 33.

The standby control signal STB goes high during
standby periods rendering power supply Vccl off.

5 Thick-£film MOS transistor MN12 forces an output WL2 of
level converter 4703 to go high (at 3.3 volts) causing
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 the 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.
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10m.', 109& ()- 1. A semiconductor integrated circuit device

comprising on the same substrate a plurality of kinds of

5 metal oxide semiconductor (MOS) transistors different in
thickness of a gate insulation film, wherein said device
has main circuitry constituted from at least one first MOS
transistor having a gate insulation film with a first value
in thickness of those of said plurality of kinds of MOS

10 transistors, and control circuitry including at least one
second MOS transistor having a gate insulation film with a
second value greater than said first value in thickness,
which source-drain path is inserted between said main
circuitry and at least one of two power supplies of said

15 main circuitry, wherein said control circuitry controls
magnitude of leakage current flowing either between a
source and a gate or between a drain and said gate of said
first MOS transistor by controlling on/off state of said
second MOS transistor.

20

2. The semiconductor integrated circuit device

according to claim 1, wherein said leakage current is due

to tunnel current.

25 3. The semiconductor integrated circuit device
according to claim 1, wherein said first MOS transistor has
a gate insulation film of 3.5 nanometers (nm) or less in

thickness.

30 4, The semiconductor integrated circuit device
according to claim 1, wherein thickness of the gate
insulation film of said first MOS transistor is 3.0 nm or

less.
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according to claim 1, wherein thickness of the gate

insulation film of said first MOS transistor is 2.0 nm or

5 less.

6. The semiconductor integrated circuit device
according to claim 1, wherein said second MOS transistor
has a gate insulation film of 5.0 nm or greater in

10 thickness.

7. The semiconductor integrated circuit device
according to claim 1, wherein thickness of the gate
insulation film of said second MOS transistor is 10.0 nm or

15 greater.

8. The semiconductor integrated circuit device
according to claim 1, wherein impurity concentration of a
channel section is different between said first MOS

20 transistor and said second MOS transistor, even in case
that conductivity type of said first MOS transistor and
conductivity type of said second MOS transistor are the

same.

25 9. The semiconductor integrated circuit device
according to claim 1, wherein said first MOS transistor and
said second MOS transistor are different in density or

distribution of carrier.

30 10. The semiconductor integrated circuit device
according to claim 1, wherein said main circuitry includes

at least one logic circuit.
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12. The semiconductor integrated circuit device
according to claim 10, further comprising a level hold
circuit for holding an output of said logic circuit or said
main circuitry when said second MOS transistor is off

10 state.

13. The semiconductor integrated circuit device
according to claim 12, wherein said level hold circuit

comprises said second MOS transistor.

15
14. The semiconductor integrated circuit device
according to claim 1, wherein said first MOS transistor
operates with a gate voltage of 0.8 volts (V) or above.
20 15. The semiconductor integrated circuit device

according to claim 1, wherein said first MOS transistor

operates with a gate voltage of 1.2 V or higher.

16. The semiconductor integrated circuit device
25 according to claim 1, wherein said first MOS transistor and
said second MOS transistor are driven by gate voltages

different in potential from each other.

17. The semiconductor integrated circuit device
30 according to claim 1, wherein said first MOS transistor is
driven by applying between the gate and one of the source
and drain a voltage less in potential than that applied to

said second MOS transistor.
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20. The semiconductor integrated circuit device

15 according to claim 18, wherein said memory cell includes at
least one of a register file, cash memory, TBL, and dynamic

random access memory (DRAM).

21. The semiconductor integrated circult device
20 according to claim 18, wherein said memory cell stores data

therein during standby.

22. The semiconductor integrated circuit device
according to claim 18, wherein said memory cell includes a
25 first type of memory and a second type of memory less in
access rate than the first memory, and wherein leakage
current of a MOS transistor constituting said first memory
is greater than leakage current of a MOS transistor
constituting the second memory.
30
23. The semiconductor integrated cirxcuit device
according to claim 18, wherein said input/output circuit

includes at least one current interruption transistor for
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according to claim 18, wherein said memory-direct

5 peripheral circuit includes at least one power supply

interruption transistor for power supply interception.

25. A semiconductor integrated circuit device

comprising a first MOS transistor having between its source

10 and gate or between drain and gate an insulative film of a
first value in thickness, and a second MOS transistor
having between its source and gate or between drain and
gate an insulative film a second value greater than said
first value in thickness, wherein a source-drain path of

15 salid first MOS transistor is between a first node and a
second node, and a source-drain path of said second MOS
transistor is serially coupled to a source-drain path of
said first MOS transistor and is between said second node
to a third node, and wherein said second MOS transistor

20 controls a current flowing between said first node and said
third node through the source and gate of said first MOS

transistor or through the drain and gate thereof.

26. A semiconductor integrated circuit device

25 comprising a plurality of kinds of MOS transistors
different in thickness of a gate insulation film, main
circuitry including at least one first MOS transistor
having a gate insulation film with a first wvalue in
thickness, and control circuitry including at least one

30 second MOS transistor having a gate insulation film with a
second value greater than said first value in thickness,
which source-drain path is inserted between said main

circuitry and at least one of two power supplies of said
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main circuitry, wherein flow of a source-to-gate current or
drain-to-gate current of the first MOS transistor is
controlled by changing on/off state of said second MOS
transistor in response to a control signal as supplied to

said control circuitry.

27. A semiconductor integrated circuit device
comprising:

a circuit including a first MOS transistor which
source-drain path is between first and second nodes,
wherein leakage current flows either between a source and a
gate or between a drain and the gate of said first MOS
transistor;

first and second power supply lines, wherein said
second power supply line is electrically connected to said
second node of said circuitry; and

a control circuit including a second MOS transistor
which source-drain path is between said first node and said
first power supply line, wherein thickness of gate
insulation film of said second MOS transistor is more than
thickness of gate insulation film of said first MOS
transistor; and

wherein in a first state of said circuit, said control
cilircuit becomes said second MOS transistor is on state and
current flowing through source-drain path of said first MOS
transistor being on state is allowed, and in a second state
of said circuit, said control circuit becomes said second
MOS transistor is off state and leakage current flowing
either between the source and the gate or between the drain

and the gate of said first MOS transistor is limited.



