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Technical Field
The present invention relates generally to
5 semiconductor integrated circuit (IC) devices
configured using.ﬁetal oxide éemiconductdr {MOS)
transistors, and mofe 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 vélue versus flow of leakage current during
standby pefiods.

Disclosure of the Invention

25 Currently available standard MOS transistors are



25 Currently avail able standard MOS transistors are 2 typically designed
to operate with a gate voltage of from1.8 to 2.5 volts (so-called the
"gate-to-source" voltage which is nornmally equivalent to the power supply
vol tage) while nmaking use of a gate insulation 5 filmranging from5 to 6
nanoneters (nn) in thickness. Generally, as the integration density of M3S
transi stors increases, the transistor size decreases, and the thickness of
the gate insulation film decreases accordingly. The present inventors
presently 10 predict that MOS-1C devices of the next generation wll
require use of further mniaturized MOS transistors operable with a gate
voltage of 2 volts or |ess while reducing the thickness of gate insulation
filmdown at 4 nmor less. 15 Principally, it may be considered that the
operation speed of MOS transistors remains inversely proportional to the
gate insul ation fiYERGH; bkesionkd rtaseeerataitwith agate svehtakhest
decreases, the MXS tranS|stor speed i ncreases. However, this does not 20
come wi t hout accéﬁﬁ&hfrﬁb "%r%uﬁ?%ﬁ?"‘iﬁ%ﬁﬂ%%ﬁdvmkﬁl"Q#ﬁ??&&?iﬁ&%?e"

i nsul ation f|In1be% thlnner éh]C']}unnel rent, begins fl ow ng
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5 film ranging from 5 to 6 nanometers (nm) in thickness.
Generally, as the integration density of MOS
transistors increases, the transistor size decreases,
and the thickness of the gate insulation film
decreases accordingly. The present inventors presently

10 predict that MOS-IC devices of the next generation
will require use of further miniaturized MOS
transistors operéble with a gate voltage of 2 volts or
less while reducing the thickness of gate insulation
film down at 4 nm or less.

15 Principally, 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 (tunrel
leakage current), such as a source-to-gate current or

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



25 drain-to-gate current, which inherently does never - 3 take place in
standard MOS transistors. Such increase in tunnel |eakage current in turn
| eads to an increase in power dissipation of MOS transistors during
standby periods thereof. In the description such dielectric 5 filns
permtting tunnel current |eakage will be referred to as the "thin" gate
insulation film |ikew se, certain MX4ransistors enploying such
dielectric filmwll be called the "thin-filnm MOS transistors

herei nafter. On the contrary, standard MOS 10 transistors in which such
tunnel | eakage current does not flowwll-be referred to as the
"thick-filnt MOS transistors. The "tunnel current | eakage" problem has
been al so discussed in the nonthly journal titled "Semi conductor Wrld,"
July 1995 at pp. 80-94; 15 unfortunately, this is conpletely silent about
any  ideas for sdAiFIINS I ciadasd MAhAFaT I LS i n LS & 15F §56fer
di ssipation duri.ng,standby dye to tunnel current wll.be discussed nore
precisely in comﬁﬂNEHQﬂéid%?#kﬁﬁfgﬁ%ﬁﬁﬁ?%ﬂﬁﬁwF?ﬁPviﬁ?$§gFolﬁ? REESE
L0(a). This is a .o aphicala; JANIGSEN Ald QR SNANG SXREL I ARDIAL Lesybls
concerning the drairn vol tage versus drain current characterrstics of° one
thick-filmMXS tranSicdOTehld i Nen the description such dielectric

5 films permitting tunnel current leakage will be
referred to as the "thin" gate insulation film;
likewise, certain MOS transistors employing such
dielectric film will be called the "thin-film" MOS
transistors hereinafter. On the contrary, standard MOS

10 transistors in which such tunnel leakage current does
not flow will be referred to as the "thick-film" MOS
transistors. The "tunnel current leakage" problem has
been also discussed in the monthly journal titled
"Semiconductsr World, " July 1995 at pp. 80-94;

15 unfortunately, this is completely silent about any
ideas for soiving this problem.

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

20 Fig. 10.

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

25 experimental data in this graph assumes that its gate



25 experinmental data in this graph assunes that its gate - 4 oxide film
nmeasur es ‘approximately 6 nmin thickness. Since the oxide film enployed
herein is thick enough to render negligible the tunnel |eakage current
which can fl ow between the gate and source or between the 5 gate and
drain. See Fig. 10(b), which presents the drain- voltage/drain-current
characteristics of a thin-film .MOS trangistor. This assunes that a gate
oxide film used 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-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 0.5 mllianperes, (MA)_ or_nore or |ess was
derived when the GIIE qt“hé‘?ai%“r?so Q%’u’%"’ht ?%ﬁ%r@kﬁﬁ“?%)

t f d t hi ck-f.i.l t t t k
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source and drain. W Clrcui oy|ng Hith-
film M35 transi stQis.£ 194! %ét%@@ﬂec@rgfaeeg éi&?sséd% or between the
5 gate and drain.

See Fig. 10(b), which presents the drain-
voltage/drain—curfent characteristics of a thin-film
MOS transistor. This assumes that a gate oxide film
used is 3.5 nm in thickness. Since the oxide film is
10 thin, leakage current can flow between the gate and
soﬁrce 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 1is
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



25 so that constant current (DC current) flows 5 accordingly. This nmeans
that sonme power dissipation arises even where the circuitry is

i noperative. See Fig. 11, which shows the relation of the thickness of
gate insulation filmversus gate | eakage 5 current. Even when the gate
voltage is at 2 to 3 volts or around it, if the gate insulation filmis 6
nmor greater in thickness, then any_rgsultant tunnel current renmins
harm ess in practical applications. On the other hand, it nmay be seen by
those skilled in the 10 art that even if the gate voltage is potentially
decreased to range from2 to 1.5 volts which may be |ower than ever, the
| eakage current will no longer remain negligible in nmagni tude once after
the thickness of gate insulation filmis reduced at 15 approximately 3 nm
Presumably, if the gate voltage is 2 volts or nore or |less, then the
boundary exists afcgrdanﬁman”@%l%fmﬁa% FhRakl 8PP8nPPYERm ERFEKRBESORY

around it. Accogdln% to the keachiﬁ s qof the Sem cgonductor . Wrld
document, it has®badfSpbYAledPEEE that CEREVRG Y unfeF REPEEALYE ‘quant um
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al so when it fal
5 current. Even when the gate voltage is at 2 to 3 volts

or around it, if the gate insulation film is 6 nm or
greater in thickness, then any resultant tunnel
current remains harmless in practical applications. On
the other hand, it may be seen by those skilled in the

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

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

20 tunnel effect in quantum theory takes place with a 5-
nm géte 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



25 within a range of from3 to 3.5 nm As can be seen - 6 fromthe graph
of Fig. 11, while the gate voltage tends to be lowered for reduction in
power dissipation; even in this situation, when the gate insulation film
beconmes thinner to decrease from2.9 5 to 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_cgrcently presuned that a m ni nmal

t hi ckness of gate insulation filns capable of retaining the nature of
silicon oxide is 10 about 10 angstrons. Another approach is known which
suppresses a sub- threshold source-to-drain | eakage current by potentially
raising the threshold value of M35 transistors. However, even with use of
such approach, 15 it stays inpossible in principle to reduce standby power

di ssi pati d the fl -to-gate..t I L VWile th
gate | eakage cur FERT EPBRHEPDBUPFeRtH - Aghtrisd SutiEr SESR PO 87 nor easi ng
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di ssi pation invoF i S does not conme wt accomnpanyi ng a penalty:

fis discussed supgassihabioh; MbBn! iANELILOLT BGE 8P OXed kol ghkeultry
then operation speed decreases naking It 1nmpossible or at
insulation film becomes thinner to decrease from 2.9
5 to 2.0 nm in thickness, large leakage current begins
flowing even upon application of a gate voltage of 1
volt or below. Additionally, it is currently presumed
that a minimal thickness of gate insulation films
capdble of retaining the nature of silicon oxide is
10 about 10 angstroms.

Another approach is known which suppresses a sub-
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 t& 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 insuiation 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



25 least greatly difficult to attain any desired 7 - performance. It is
therefore an object of the present invention to provide a sem conductor
integrated circuit device capable of reducing standby power dissipation
wi thout 5 having to degrading circuit operation speed. In order to attain
the foregoing object, the invention provides a | ow power/hi gh-performance
sem conductor integrated circuit devi ece7by selective use-of different

ki nds of MOS transistors including 10 thick-film MOS transistors and
thin-filmMOXS transistors, wherein the forner is negligible in flow of
tunnel | eakage current whereas the latter is capable of operating at high
speeds whil e acconpanying the tunnel current |eakage problem 15 In
accordance with the principles of the invention, there is provided a

sem conductor in I iofcuit device including on the sane substrate a
plurality of ki%%gf%%%%ﬁgefransistors different in magnitude of a | eakage

current flow ng eithert hat e dff-&UH h KL 2f 0aie et viemivdiiei i ai n
and gate. The sem conductor integrated circuit device is configured to

have main circuithr prooigie hulsethilcomuait dreasit eayre thddS dinansitstayvicef t he
plurality of kinds of MOS transistors being greater in |eakage current,
and control circuebaple of reducing standby power dissipation without

5 having to degrading circuit operation speed.

In order to attain.the foregoing object, the
invention provides"a low-poﬁér/high—performance
semiconductor integrated circuit device by selective
use-of different kinds of MOS transistors including

10 thick-film MOS transistors and thin-film MOS
transistors, wherein the former is negligible in flow
of tunnel leakage current whereas the latter is
capable of operating at high speeds_whilé accompanying
the tunnel current leakage problem.

15 In accordance with the principles of the invention,
there is provided a semtfconductor 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



25 inserted between the main circuitry and at | east one - 8 of tw power
supplies and conprised of at |east one MOS transistor |ess in | eakage
current. It should be noted that intended hi gh-speed characteristics my
be successfully acconplished by 5 designing the MOS transistors such that
the gate insulation filmmeasures 3.5 nmor less in thickness: Also,
rendering it thinner at 3.0 nmand further thinner at 2.0 nmor |ess may
enabl e the operation speed to further increase. However, as the operation
10 speed increases, tunnel |eakage current will |ikewi se increase in
magnitude. In view of this, it may be desirable that the MOS transistors
of reduced | eakage current be specifically enployed for interruption or

i nterception of a standby voltage(s) as applied to the 15 thin-film MOS
transistors. |Intended advantages may be sufficiently attained whenever the
power - suppl y i nPér E¥Pt PRMSTt SapPldes fnfesomPE ised Pifmadr 1§asd ens n

t hi ckness; if extr high speed requirenents are not required when
reduction to pra@?gcér PEIfEPThd €56 &éﬂi@ggaﬁﬁécPGFepﬁen1to measure 10.0 nm

or greater. These I\/% tst%’l%&%‘iﬁi: %rsﬂonr?;eyq Etg_las‘{ [#_ttur egi t&ol f{sg%eriny desired

characteristics by suita ul ation
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5 designing the MOS transistors such that the gate
insulation film measures 3.5 nm or less in thickness:
Also, rendering it thinner at 3.0 nm and further
thinner at 2.0 nm or less may enable the operation
speed to further increase. However, as the operation
10 speed increases, tunnel leakage current will likewise
increase in magnitude. In view of this, it may be
desirable that the MOS transistors of reduced leakage
current be specifically employed for interruption or
interception of a standby voltage(s) as applied to the
15 thin-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 requirements are not
required when reduction to practice, it may be
20 permissible for them to measure 10.0 nm or greater.
These MOS transistors may be structured to offer
any desired characteristics by suitably designing the
thickness of gate insulation film or changingfeither
carrier density or distribution at the gate electrode,

25 drain and/or source electrode. Generally, increasing



25 drain and/or source electrode. Cenerally, increasing 9 the gate
insulation filmthickness requires that the gate length increase in value
accordingly. In regard to the mcroelectronics fabrication process, the
characteristic control or adjustment may 5 beconme accurate when the two
ki nds of--nanely, thin filmand thick-film-MOS transistors are

manuf actured such that the gate insulatdon films and gate electrodes
thereof are fornmed at separate process steps. Especially, it will be
recommendabl e that thick 10 gate insulation filnms be fornmed prior to
formation of thin gate insulation filns because of the fact that the
latter is difficult than the former -in control of process paraneters
during fabrication. In addition, in cases where such two klnds of MOS

transistors are ¥5d ofdmd SERATALELY £ P PLOLEGki i plectiie Ti1m

on resultant gate -electrode | ayer “may ena suppression or e |n1nat|on
of occurrence of aiee-1land riade oo aﬂ@wﬂh@téf@éﬁéﬁu urring due to

execution of succeeding processes. 20 It should be noted 'here that in the
sem conductor integri eskgdrd&utd €leyimbctde BECOFERNES PhbPithes oh NSt ant

invention, the thin-filmMOS transistors are preferably selected for use
with specific cimowidess, pard shmoertestistoic resuireey sadfudigdhspead
5 become accurate when the two kinds of--namely, thin-
film and thick-film--MOS transistors are manufactured
such that the gate insulation films and gate
electrodes thereof are formed at separate process
steps. Especially, it will be recommendable that thick

10 gate insulation films be formed prior to formation of
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—sbeed

25 characteristics, including, but not limited to,



25 characteristics, including, but not limted to, - 10 information signal
processor circuits, such as logic function units (logic circuits such as
NAND gates, NOR gates and the like) as built in central -processing units
(CPUs), latch circuits, high-speed nmenory cell 5 arrays, and others. In
contrast, switch elements for interruption of power supply during standby
periods of these thin-film MOS.transistors may be configured using
thick-filmMXS transistors,-which function as the power-supply 10
intersect transistors. Also, any circuitry parts w thout high-speed
requirenents as well as circuits under strict requirenents of high voltage
w thstand characteristics may be configured by such thick-film MOS .
transistors. Menory cells with no high-speed 15 requirenents such as static

d - , i r - only, nenpry
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to be applied widdtdd gha diagesceos Wi @ speséht £l Lyrodess ghgd
source/drain structure--that is, electric field relaxation structure
i ncl udi ng, but natniltsT (cRIs)t,0,1acdh it Dopech il SpédBhembFCleT E.
5 arrays, and others.
In contrast, switch elemerits for interruption of
power supply during standby periods of these thin-film
MOS transistors may be configured using thick-film MOS

transistors, - which function as the power-supply

10 intersect transistors. Also, any circuitry parts
without high-speed requirements as weli as circuits
under strict requirements of high voltage withstand
characteristics may be configured by such thick-film
MOS transistors. Memory cells with no high-speed

15 requirements such as static random access memory
(SRAM), dynamic RAM (DRAM), mask read-only memory
(mask ROM) are one example. Protective circuitry as
inserted for prevention of gate-insulation film
dielect;ic 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



25 It should be also noted that in cases where the - 11 sem conductor
integrated circuit device of the invention is arranged as an IC chip, it
reconmendabl e that a | evel converter circuit for potential |evel
conversion of electrical signals be 5 built therein in order to "absorb"
ble differences in potential |evel between incomng signals to
the chip and outgoing ones fromit. Wiebhithis is done, it is desirable in

wll be

. any possi

view of reliability

that thick-film MOS transi stors be enployed in certain

10 circuit part for receiving high potential external signals whereas
thin-filmMOS transistors be in remaining circuit part for handling
relatively low potential internal or "in-chip" signals. The nenory cells
configured using thick-filmMXS 15 transistors may functionally include at
| east one of re

buffers (

TLBs),
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built therein in order to "absorb" any possible

differences in potential level between incoming

signals to the chip and outgoing ones from it. When

this is done, it is desirable in view of reliability

that thick-film MOS transistors be employed in certain

circuit part for receiving high potential external

signals whereas thin-film MOS transistors be in

remaining circuit part for handling relatively low

potential internal or "in-chip" signals.

The memory cells configured using thick-film MOS

transistors may functionally include at least one of

register files, cash meéMmories, translation look-aside

buffers (TLBs), and DRAM cells; if this is the case,

it is preferable that the memory cells are arranged to

store therein data during standby periods. The

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

-constituting the first memory cells are greater in



25 constituting the first nmenory cells are greater in 12 | eakage current
than those formng the second nenory cells. It should further be noted
that upon interruption of the power supply of the thin-film M3S _
transistors 5 by the power supply intercept transistor(s), it is possible

by providing a |evel
MOS transi stors for

hold circuit--this may be configured using thin-film
retaining or holding the last potential |evel of an

output of logic circuit operatively associated 10 therewith--to elimnnate
any adverse influence or affection by power supply intercept of the
thin-film MOS transistors. Preferably, such level hold circuit may be
formed of one or nore thick-filmMOS transistors | ess in | eakage current
magni tude. 15 The thin-film MOS transistors as enployed in accordance

N r o ool gt brFSaitlad Nl DNED! L0k "ilo< BKBRRRIGOLAL Yo BERNE. hOnbEFUCE

power dissipation significant

y Interrupting o Intercep p%mer

feed during standhyyperiods in light of the fact that 20 | eakage current
can increase in nmagnitude even where these thin-filmMOS transistors are
designed to operate nttéhexidarhpvh8at BeVRbtagethgtowpdnvohterrupde¢bnas
0.8 volts or 1.2 volts or therearound, by way of exanple.

of the power supply of the thin-film MOS transistors

5 by the power supply intercept transistor(s), it is

possible by providing a level hold circuit--this may

be configured using thin-film MOS transistors for

retaining or holding the last potential level of an

output of logic circuit operatively associated

10 therewith--to eliminate any adverse influence or

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

these 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

Pféferably, that the leakage current-increased MOS



25 Preferably, that the | eakage current-increased MOS 13 transistors and
| eakage current-decreased ones are potentially driven by use of different
gate voltages therefor. Practically, the | eakage current-increased MOS
transistors are to be driven upon application of 5 certain voltage between
the gate and source of each one, which voltage is |ower than that being
applied to the | eakage current decreasgd MOS transistors. In accordance
with one aspect of the invention, a semi conductor integrated circuit
device is provided 10 which includes first and second MOS transi stors as
formed on the same silicon chip substrate. A respective one of the first
MOS transistors has an insulative filmof 4-nmthick or less as laid
between the source and-drain thereof or between its drain and 15 gate; a

di | t fil h d t i st
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| ess as | aid between the source and drain thereof ~or between its drain and
gate; each seconduddt4rmisdedPs 4P @9 basatatbyeupbhnupslveanibhe,gour ce
5 certain voltage between the gate and source of each
one, which voltage is lower than that being applied to
the leakage current decreased MOS transistors.
In accordance with one aspect of the invention, a
semiconductor integrated circuit device is provided
10 which includes first and second MOS transistors as
formed on the same silicon chip substrate. A
respective one of the first MOS transistors has an
insulative film of 4-nm thick or less as laid between
the source and drain thereof or between its drain and
15 gate; a corresponding insulative film of each second
MOS transistor measures more than 4 nm in thickness.
In accordance with another aspect of the invention,
a semiconductor integrated circuit device includes
first and second MOS transistors as formed on the same
20 silicon chip substrate. A respective one of the first
MOS transistors has an insulative film of 4-nm thick
or less as laid between the source and drain thereof
or between its drain .and gate; each second MOS

transistor has an insulative film between the source

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



25 and gate or between the drain and gate thereof, which 14 filmis
greater in thickness than the first MOS transistors. The second M3S
transistors are specifically adaptable for use in controlling flow of
source-to-gate current or drain-to-gate current of the 5 first MXS
transistors. In accordance with still another aspect of the invention, a
sem conductor integrated circuit devieeld ncludes first and second MOS
transistors as formed on the-sane silicon chip substrate. A respective one
of 10 the first MOS transistors has an insulative filmof 4- nmthick or
less as laid between the source and drain or between the drain and gate
thereof. The second MOS transistors are adaptable for use in interrupting
transfer of associ ated power supply voltages toward 15 the first MOS

transistors. The §§ﬂ{cggggﬁé%£erigﬁegﬁﬁéggeggrgﬂ%gaggviEg fgr&ggr i ncl udes

a level hold circuit fo ol ding the pot enti Fevef °of n out put

'signal of each fifsinddE4Fansiers M Gos NLAIIAli A of power supply.

20 In accordance with yet another aspect of the 1nvention, a sem conductor

integrated circuidpeteM eal INCAdKISSathl é StoANds8eLRNdoMBL 11 8AST B1 9 So AS
formed on the sane silicon chip substrate. The first MOS transistors are
i nherently great efounrergptdarke @irrent or drain-to-gate current of the

5 first MOS transistors.

In accordance with still another aspect of the
invention, a semicdhductor iAtegrated circuit device
includes first and second MOS transistors as formed on
the-same silicon chip substrate. A respective one of

10 the first MOS transistors has an insulative film of 4-
nm thick or less as laid between the source and drain

~or between the drain and gate thereof. The second MOS
transistors are adaptable for use in interrupting
transfer of associated power supply voltages toward

15 the first MOS transistors. The semiconductor
integrated circuit devite 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 circui; aevice
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



25 | eakage current flow ng between the source and gate or 15 between the
drain and gate thereof whereas the second MOS transistors remain less in
| eakage current than the first ones. The integrated circuit device is
specifically arranged so that the second MXS 5 transistors are driven by a
predefined high voltage which is higher than that being applied to the
first MOS transistors. In accordance.wigh_a further aspect of the
invention, asenm conductor integrated circuit device 10 responsive to
receipt of an input signal having a specified anplitude voltage Vcc2 is
arranged to include a level converter circuit for generating and issuing
an in-chip signal by potentially reducing the anplitude voltage of an

i nput signal, wherein | eakage 15 current occurrabl e between the gate and

f t th
- chi p si Sﬁ;“e.e%%t?i% brhe %j%i'ta”ﬁ oS BUTRIT AR THSFRr St e reR i ng
the input signal Md@‘e&aﬂ{saféd “P% A nlveég i a0 Pé/alﬁ?lﬁ)l |151 0%%%;&3&3 e

i nt egrat ed circuit devices SU OSG use w CI’

sem conduct or i ntggy aftﬁds@grpégt %V'ﬁl‘% gg%‘?:%d‘"‘ctl N argddnet i;¢ processor
unit and a data storage unit as configur usi ng transi'stors, which
circuit may incl ugeedlfileasty aiedigddesdbtatRi®Me second Mos
5 transistors are driven by a predefined high voltage
which is higher than that being applied to the first
MOS transistors.
In accofdance with a further aspect of the
invéntion, a-semiconductor integrated circuit device
10 responsive to receipt of an 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 drdin 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



25 SRAM and DRAM The MOS transistors constituting one 16 or nore |ogic
circuits in the arithmetic processor has a gate insulation filmwhich is
less in thickness than those fornming menory cells of the storage unit. In
accordance with a still further aspect of the 5 invention, a sem conductor
integrated-circuit device includes on the same silicon-substrate
aplurality of kinds of MOS transistorslincluding first MOS transistors and
second MOS transistors different from each other in nagnitude of tunnel
current flow ng 10 between the source and gate or between the drain and
gate. The sem conductor integrated circuit device also includes a main
circuit configured using-at |east one tunnel current increased MOS

transi stor. The device further includes a controller circuit as

LN L, SO WAL A S Lot ] L

power supply units. This contr er enploys a one unne

decreased (or abserfa) MBsUTANS O 1m WigiOONL0ldeL 8 Eﬁ%ﬁé‘%%%ﬁé’na

control signal fed thereto for providing control so as to ctively

pernmt and inhi bithdste fdraref neertdsy eddl1deld feeie tdeo Sk Gen Ad gate or-
between the drain and gate of the tunnel current increased MOXS transistor

for use in constitutihg adwminceiwvithta £OElThaiaeher i 2épect eat ugge of the
sem conduct or !

5 invention, a semiconductor integrated. circuit device
includes on the same silicon-substrate a plurality of
kinds of MOS transistors including first MOS
transistors and second MOS transistors different from
each other in magnitude of tunnel current flowing

10 between the source and gate or between the drain and
gate. The semiconductor integrated circuit device also
includes a main circuit configured using at least one
tunnel current increased MOS transistor. The device
further includes.a controller circuit as operatively

15 coupled to the main circuit and also to at least one
of two power'supply units. This controller employs at
least one of tunnel current decreased (or absent) MOS
transistor. The controller is responsive to a control
signal fed thereto for providing control so as to

20 selectively permit and inhibit the flow of a current
between the source and 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 seﬁiconductor

25 integrated circuit device lies in that the plurality



25 integrated circuit device lies in that the plurality - 17 of kinds of
MOS transistors include MOS transistors different in gate "insulation film
t hi ckness, or alternatively MOS transistors of the sane conductivity type
havi ng gate el ectrodes doped with the same kind 5 of inpurity to different
degrees of dopant concentration. Another feature is that where MOS
transistors different in gate i-nsulatian il mthickness are enployed,
those MOS transi 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 Descitpiion. ofe i6s XANh008eELD. 1dcifad foROLAULSONLPG. i

cross-section, sone © maj or “Stéeps o e nanu ure
sem conduct or 'nt&%&f@f@h@'I&U§5t99¥h§§1aﬂléﬁ09£ﬁﬂnEﬁlcﬂhEBsOnSrpreferred
enbodi ment of the present invention. Fig. 2 illustrates in cross-section

some of the najoralsdemst DfelPemoBNtfast ve€oné SfSeACOAMUCEORALOE L Y ed
circuit device in accordance w th anot her enbodi nent
type having gate electrodes doped with the same kind
5 of impurity to different degrees of dopant
concentration. | B
Another feature is that where MOS transistors
different-in gate insulation film thickness are
employed, those MOS transistors each having a thick
10 gate insulation film is provided with a side wall
spécér 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 LDb 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



25 of the invention. Fig. 3 is a plan view of a 18 sem conductor
integrated circuit device enbodying the invention. Fig. 4 depicts a
cross-sectional view of the device as taken along line A-A° of Fig. 3.
Fig. 5 is a circuit diagramshow ng an equivalent circuit 5 configuration
of a sem conductor integrated circuit device enbodying the invention. Fig.
6 shows a circuit configuration of anotjiger. embodi ment. Fig. 7 shows a
circuit configuration of a further enbodinent. Fig. 8 shows a circuit
configuration of a still further 10 ermbodinent. Fig. 10 presents graphs
representative of typical current characteristics of one standard MOS
transistor and of a tunneling MOS transistor permtting flow of tunnel
current through its gate insulation film FigI 11 isfalgraﬁh ’ |
representative of _15.the.relatipon of gate insulatiqn filmthickness an
gafe current dens??@;c??%uci%r énaegrg gtCHFﬁﬁiﬁ egﬁﬁﬁnﬁﬂba Xbﬂ?lﬁﬁ?atlon

conti gur ati on of AVELEHRL: dabal meRE 1T o TTRRR TORE Y T ©5 20
circuit conflguraéﬁ@rawlefaefyét@ﬂ @Pg%g‘?ﬂnef tge okn¥eRL! on. ;F'c_g 52 LS
a circuit configuration o fUrther e diment of the In ion i

is a circuit confd wr@if&ﬁ@fdﬁa&%ﬁhgﬁo@ﬂﬁgdwee&u%awﬁt bﬂi‘&ﬁ‘iton F'g
17 is a circuit configuration of

5 configuration of a semiconductor integrated circuit
device embodying the invention. Fig. 6 shows a circuit
configuration of another embodiment. Fig. 7 shows a
circuit configuration of a further embodiment. Fig. 8
shows a circuit configuration of a still further

10 embodiment. Fig. 10 presents graphs representative of
typical current characteristics of one standard MOS
transistor and of a tunneling MOS transistor
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



25 further enbodi ment of the invention. Fig. 18 is a 19 circuit
configuration of a further enbodi ment of the invention. Fig. 19 is a .
circuit configuration of a further embodiment of the invention. Fig. 20 is
a circuit configuration of a further embodinment of the 5 invention. Fig.
21 is a circuit configuration of a further enbodi nent of ‘the invention.
Fig. 22 is a plan viewof an integratefgcircuit chip enbodying the
invention. Fig. 23 is a plan view of an integrated circuit chip also
enbodying the invention. Fig. 23 is 10 a plan 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 |s a plan view

f 15 t t ed it.chip. enmbod he .i nventi on. 27 |s a
ol reui t ai agr am BFERURt ERPFABCFRATON G B et SRR 46
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al so enbodyi ng the inventi circuit diagram o

i nput/ out put C'réﬂk&ulE'80n§lgh§a€16hr%¥' AR R kRWe! oFoRyerter
circuit with level hold

5 invention. Fig. 21 is a circuit configuration of a
further embodiment of the invention. Fig. 22 is a plan
view of an integrated circuit chip embodying the
invention. Fig. 23 is a plan view of an integrated
circuit chip-also embodying the invention. Fig. 23 is

10 a plan view of an integrated circuit chip further
embodying the invention. Fig. 24 is a plan view of an
integrated circuit chip embodying the invention. Fig.
25 is a plan view of an 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 functions. Fig. 32 is a circuit diagramof another 20 |evel-hol dable
| evel converter. Fig. 33 is a circuit diagramof a standby control |l er
circuit. Fig. 34 is a block diagramof a mcroconputer system enbodying
the invention. Fig. 35 is a cross-sectional view of an 5 i nput/output
circuit. Fig.-36 is a circuit diagramof a mask ROM enbodying the
invention. Fig. 37 shows another contiggration of a mask ROM al so
enbodying the invention. Fig. 38 is a partial cross-sectional view of the
mask ROM shown in Fig. 37. Fig. 39 is a circuit 10 diagramof a further
mask ROM Fig. 40 illustrates a partial cross-section of the mask ROM of
Fig. 39. Fig. 41 is acircuit diagramof a further mask ROM Fig. 42
illustrates a partial cross-section-of the mask ROMof Fig. 40. Fig. 43

; . enb the in entlon Flg
40 s a cirouit daARbIY ﬁﬁ%nﬁ%v%mm%)%ﬁag oyt 1 o lec of -
43. Fi 45 Q&w%rg r I sense ifier
E: gnal genle?at or circult cagfs %';ée%ar?&?}/ %%géffﬁg %%i}lll% g. ﬁg %ov%s a
circuit 20 confi gy mgrﬁ@f%%@éf%&ﬁdp woed LPthf Ehbloadsng EAM
Yyl ng e I nv ig. 48 is

Fig. 47 is a circuit diagramof a SRAM ent1 on
a circuit diagrammhawingh a2 paer.d 3deGeder crdysd sHdti®na1aRdidve\sd fpnverter

as enployed in the device of Fig. 47. Fig. 49 is a

5 input/output circuit. Fig. 36 is a circuit diagram of
a mask ROM embodving the invehtion. 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
diégram 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 éircuit 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, %Prd 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



25 circuit diagramshow ng a sense anplifier and its 21 associative wite
circuit used in the Fig. 47 device. Fig. 50 illustrates, in enlarged
cross-section, major steps of the fabrication of an n-type MOS transi stor
structure enbodying the invention. 5 Best Mde enbodying the Invention
Several enbodi nents practicing the invention as wll be described
hereafter are principally featured iR ghat tunnel current occurrable MOS
transistors permtting the flow of a tunnel current either between 10 the
drain and gate of each transistor or between the drain and gate thereof
are provided on a single chip substrate along with tunnel current absent
(or much decreased) MOS transistors substantially preventing such tunnel
current flow between them and that the 15 tunnel current avail able MOS

ourrent that.  Lunnel current available M-
ogi e gat as wherEAL TR TG L G T B dopl e bt Por e *rh e s
transistors are imjd Oy NG RHAPUIA ) ofn SATLHda WESES cOBLEDLS, Sph &L T on

of operation nodes 20 between transferring povier supply voltages toward the
mai n circuit and oy IAPHHY Rbriddef Gt th A NepHMEE Sl Ystder et o.

Wth such an arrangenent, it is possible to reduce power dissipation
during standby parudured dnddingd ransigivdmcoqnstituting the nmain
5 Best Mode embodying the Invention
Several embodiments practicing the invention as
will be described hereafter are principally featured
in that tunnel current occurrable MOS transistors
permitting the flow of a tunnel current either between
10 the drain and gate of each transistor or between the
drain and gate thereof are provided on a single chip
| substrate along with tunnel current absent (or much
decreased) MOS transistors substantially preventing
such tunnel current flow between them, and that the
15 tunnel current available MOS transistors are adaptable
for-use in 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 powerlsupply 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



25 circuit without having to affecting the circuit 22 - operation speed

t hereof. Several sem conductor integrated circuit devices enbodying the
principles of the instant invention will be described with reference to

t he acconpanying 5 figures of the drawing. Figs. 1 and 2 are each a
pictorial representation for explanation of a manufacturing procedure of a
sem conductor integrated circuit devicesthat satisfies the-0.18-m croneter
rules in highly advanced 10 m croel ectronics fabrication technal ogy, which
device has both tunnel current available MOS transistors and tunnel
current depleted (or much reduced) MOS transistors on. the sane silicon
substrate. Fig. 1 shows a first enbodi rent of the invention enploying 15

t hi ckness different insulative filns whereas Fig. 2 illustrates a second
enbodi ment utilizing the inpurity concentration differing schenme. Note
that the minimal CHEHRGIQM iReA iR as used herein is normally

definable by the resultin ate |ength of MOS 20 tranpsistors; it i{s hardly
affected by overlaps %'V%gagaﬁ%m%ﬁ%%%Y%B%rm}?ﬁe9f§t§§sﬁtfﬁFéﬁ devi+€eSand
dran o0 e Pedn, anovhe i aciuring L bedk 5 pone o0
el ectrical propendd @hscribed with reference to the accompanying
5 figures éf the drawing.
Figs. 1 and 2 are each a pictorial representation
for explanation of a manufacturing procedure of a
semiconductor integrated circuit device that satisfies
the 0.18-micrometer rules in highly advanced
10 microelectronics fabrication technology, which device
has both tunnel current available MOS transistors and
tunnel current depleted (or‘much reduced) MOS
transistors on the same silicon substrate. Fig. 1
shows a firsﬁ embodiment of the invention employing
15 thickness different insulative films whereas Fig. 2
illustrates é second embodiment utilizing the impurity
concentration differing scheme. Note that the minimal
fabrication dimension as used herein is normally
definable by the resulting gate length of MOS
20 transistors; it is hardly affected by overlaps of a
gate electrode with its associated source and drain.
On the other hand, another manufacturing method is
known for'inténtionally shortening a gate length
resulting from evaluation of electrical properties

25 rather than the physical fabrication dimension



25 rather than the physical fabrication dinension 23 regarding the gate

length. If this i
properties--say,

s the case, the gate |ength based on such electrical
the "effective gate |length"--becones a key paraneter.

Figs. 1 and 2, one formis shown which has no 5 essential differences
cal gate length reflecting fabrication dinmensions and the

bet ween the physi
effective gate

engt h; however, ‘it shouBd-be noted that the present

invention may al so remain applicable to the manufacturing nmethod for
intentionally shortening the 10 effective gate length so that it is |less
than the physical gate length. The first enbodiment will now be explai ned

in conjunction with Fig. 1. This enbodinent is drawn to the nanufacture

of an exenplary I
avai | abl e MOS

Wi t hout any subst
substrate by dif
them Wiile this

C devi ce attaining 15 copresence of a tunnel current
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n-type MOS transistors, cross-sections presented in Fig. 1 assunme use of

p-type MOS transi
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Iﬁ(ng@n|y'éﬁd purp&eform is shown which has no
essential differences between the physical gate length
reflecting fabrication dimensions and the effective
gate length; howevér, it should be noted that the
present in&ention may also remain applicable to the
manﬁfactu;ing method for intentionally shortening the
effective gate length so that it is less than the
ph&sical gate length.

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

of reducing complexity of illustration. An n-type



25 of reducing conplexity of illustration. An n-type - 24 silicon
substrate 101 is prepared having a top surface on which an el enent
isolation dielectric region 102 nade of a thermal oxide filmof 300 nm
thick is formed. |In the substrate surface, n-type inpurity-doped |ayers 5
103 and 104 are formed. These inpurity layers 103, 104 are 1 X 1017 atons
cm3 in average concentration and are- ipaherently necessary for el enent
isolation fromn-type MOS transistors (both thin-filmand thick-film ones)
copresent within a single chip. Any one of currently 10 available inpurity
dopi ng techni ques may be enployed to formn-type |layers 103, 104. After an
inpurity is doped by ion inplantation techniques causing each MOS
transistor to exhibit a predefined threshold value, a silicon thernal

d fil 105.§ t ] 10
gﬁ; gnlfhelezllre sur%acggﬁkggﬁ%tgLﬁgf f%gﬁ?gg?%%§3$£§§§%bégEa% acé
pol ycrystal Iine sidionclan " @obysil | £851a ﬁrdigﬁebﬁrﬁsppgope 9&/@“ ying

the thermal oxide film 105. Layer 106 |s t en entire

inpurity of a chagede NGt ef i @heSheh é"e‘éld@hf):?PH%PSB@@Uﬁhngh{@ﬁui&af‘érmed
polysilicon layer 106 to be adjusted at 1 x 1020 cm 3 in average

concentration of Iphtsphoivstiapairsiytadde PhOgPOOitSuT Dy i AbpedUTiy&Fs May
be perforned by ion inplantation to 2 x 1015 atons
5 103 and 104 are formed. These impurity layers 103, 104

-3 in average concentration and are

are 1 x 10 atoms cm
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 impﬁrity 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
example, 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 102° 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



25 cm 2 at acceleration energy of 40 kil oelectronvolts - 25 (KeV);
alternatively, the sanme may be attai ned by use of a boron-doped

pol ysilicon or using predeposition techniques. Subsequently, a silicon
oxide filmis deposited as a gate el ectrode protective film107 to a 5

t hi ckness of 50 nmon the entire surface of resultant structure at step
(a) of Fig. 1. The function of this 4 a&@fr-107 will be described later. The
thermal oxide film 105, polysilicon |ayer 106 and-gate el ectrode
protective |ayer 107 are then 10 subject to patterning using
photol i t hography and dry etching techniques formng an insulated "island"
108 on substrate 101. This island 108 neasures 0.18 mcroneters (m or
greater in gate length fabricated. |Island 108 will constitute the gate

el ectrode of a 1$Kgbggkajggghyg§vgﬁ?psEﬁgogFﬁgPﬁgyg%%rQQtfHgggigg S

introduced into the substrate structure, W ate eléctro bei'ng as
a mask therefor, ofcaabegpsieabpatii 881y8h12c¥nlB84 ueihg %ggﬁﬁﬁ%gﬁEﬁbhpn

vol tage of 20 KeV, form ng spaced-apart p-type |ayers In inmpurity 20
regi on 104 of substhaiqudfl. Jlseqhayely, 199% i M¥yoRcdxias fhemspyrce and
drain regions of the lightly-doped drain (LDD) type. This is done because
a vol tage bei ng deppsitddtassachathi eketikpdbOBroransiskofilm 107 to a
potentially | ow enough to ensure that it remains free
5 thickness of 50 nm on the entire surface of resultant
structure at step (a) of Fig. 1. The function of this
layer 107 will be described later.
The thermal oxide film 105, polysilicon layer 106
and -gate electrode protective layer 107 are then
10 subject to patterning using photolithography and dry
etching techniques forming an insulated "island" 108
on substrate 101. This island 108 measures 0.18
micrometers (um) or greater in gate length fabricated.
Island 108 will constitute the gate electrode of a
15 thick-film MOS transistor. Then, boron fluoride is
introduced into the subStrate structure; with the gate
electrode being as a mask therefor, to a concéntration
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 liéhtly—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



25 from any possi bl e adverse influence of hot carriers 26 which in turn
serves to degrade the characteristics thereof. To retain reliability, it
is reconmendable to enploy electric field relaxation structures including
the LDD structure. Introduction of p-type inpurity 5 nmakes use of ion

i npl antation techniques wth average concentration being set at 5 X 1018
cm 3 although this value is adjustable26n-conformty with the
characteristics of MOS transistors required. -Dielectric filns 110 are
formed on the opposite 10 side walls of the gate el ectrode 108. These side
wal |  spacers 110 nmay be nmade of silicon nitride of 100 nm thick. Spacers
110 will act as protectors which protect the silicon oxide filmbeneath
gate electrode 108 (this oxide filmfunctions as the gate insulation 15

filmof gale 108)308 N (UNANEY A O Ubditd Gndhialcal Al of . chem cal

reaction of hydroflTuoric aci ut1on as enpl oye rng a er washi ng
process of the %_@&@Uf.su%afstginr%émha?ﬂ&iwbsg&_ag% §teEBﬁ1}nlé5%aF>]/.£2%%’

boron fluoride is introduced to a concentration 20 of approxl mate X

1015 cm 2 at accemgnaii enecvehtiageiafa 2Q 14t T QNG pagedigpar t
p-type layers 109 in region 104 of substrate 101, which layers will = act

as the source andhdr abp kseguenurs.t hIinespaatttion bliepgaypechaptitode 108 of
the LDD MOS transi stor. The
5 makes use of ion implantation techniques with average
concentration being set at 5 X 10*® cm™® although this
value is adjustable in confoémity with the
characteristics of MOS transistors required.
‘Dielectric films 110 are formed on the opposite
10 side walls of the gate electrode 108. These side wall
spacers 110 may be made of silicon nitride of 100 nm
thick. Spacers 110 will act as protectors which
protect the silicon oxide film beneath gate electrode
108 (this oxide film functions as the gate insulation
15 film of gate 108) against unwanted erosion due to
physical and/or chemicat 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

20 of approximately 2 x 10 cm™

at acceleration voltage
of 20 KeV, thereby forming spaced-apart p-type layers
109 in region 104 of substrate 101, which layers will
act as the source and drain regions with respect to

the gate electrode 108 of the LDD MOS transistor. The

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



25 doping of a p-type inpurity is done by ion 27 inplantation techniques
to an average concentration of -5 X 1019 cm 3 or nore or |ess. The
resulting gate insulation filmof the MOS transistor with gate el ectrode
108 thus forned may 5 measure 10 nmin thickness by way of exanple. In
cases where MOS transistors are designed satisfying the 0.18-pmgate

| ength criteria shown herein, the powersysupply voltage falls within a
range of from1.8 to 1.5 volts. An electric field as created within the
gate 10 oxide filmwll be 1.8 megavolts per square centinmeter (Mcm2) or
less. In this situation a tunnel current is very [imted in nmagnitude to
be as I ow as 10-20 anperes per square centinmeter (Acm2), which will by no
nmeans affect or disturb execution of normal MOS 15 transistor operations.

Any increase in power dissipatigon will no | onger occur due to gate |eakage
Current. This p- CYBR RS LRGeS (A MY 299 GFTeR T OF

current since it; gga%1;Q§uhation filnlbs thick (10. nmin this
enbodi ment). Thi§ p-type 20 RES™PFanSFst&§Fi's for use in transferring

(during ON periods) ﬁé)?gﬁlpﬁnr%@d% fx@é&jér;_foﬂraf’ﬂ hee POYETIvosSUPPlY to

a min circuit and in int . ing periods) the same. Next,
after formation Qfrafag Sife Wald gRacedkldbde 108 thus formed may

5 measure 10 nm in thickness by way of example. In cases
where MOS transistors are designed satisfying the
0.18-um gate length criteria shown herein, the power
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
(MVvem™) or less. In this situation a tunnel current
is very limited in magnitude to be as low as 1072°
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 th;s 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



25 resultant substrate structure is washed using 28 hydrofluoric acid
solution. The structure is then subject to anodization selectively formng
a thermal oxide film11l1l to a thickness of 3.5 nmon the entire exposed
top surface of the silicon substrate 101 other 5 than certain surface areas
in which el ement-separation filns 102 and gate el ectrode 108 are forned.
Then, a polysilicon layer 112 is depogifted on the entire surface of
resultant structure to a thickness of 180 =, .-which |ayer 112 overlies

el ement - separators 102 10 and gate 108 at step (b) of Fig. 1. Polysilicon

| ayer 112 is entirely doped with a phosphorus ions to a concentration of
5 x 1015 cm 2 at acceleration voltage of 25 KeV allowi ng |ayer 112 to be
of n-type conductivity-with the average inpurity concentration 15 of 1 x

1020 cm 3. Ther egfdesf1woSid i £O0q0xbUgtibhM Mk derdadumes idiefleon to a
-thickness of 100 nm by way of exanple, at step (b). Film112 is as a

protective f|In1sa53¢ﬁﬁexdi&hoaheat1bheséhetﬁnbemy|ﬂerﬁnhg1él&hepmhy5|Ilcon
112 20 and S|I|con OXIde 113 are subject to patterning by

insul ated gate electrode 114 of the 0.18 pmgate length. This gate
el ectrode 114 ceoreesedittesp terface of bhehshlifpm suSstrahsi 4Pérother

5 than certain surface areas in which element-separation
films 102 and gate electrode 108 are formed. Then, a
polysilicon layer 112 is deposited on the entire
surface of resultant structure to a thickness of 180
nm, -which layer 112 overlies element-separators 102

10 and gate 108 at step (b) of Fig. 1. Polysilicon layer
112 is entirely doped with a phosphorus ions to a

concentration of 5 x 10%° cm™2

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 thickness 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 techniques thus
providing another insulated gate electrode 114 of the
0.18 um gate lehgth.“ This gate electrode 114

constitutes the gate of a thin-film MOS transistor.

25 Note here that unless otherwise the protective film



25 Note here that unless otherwi se the protective film- 29 107 is forned
at the previous step were absent, the gate electrode 106 of the thick-film
MOS transistor would 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 inplantation into
| ayer 103 to a concentration of- 2 x 1035 CM2 at 20 KeV providing p-type
source and drain regions 115 at step (c) of Fig. 1. Since a voltage
applicable to thin-film10 MOS transistors will be extrenely |lower in
potential, the aforenentioned "hot-carrier influence" problem encountered
wth thick-filmMOS transistors is not so serious avoi ding the need of

enpl oying any electric field relaxation structure, such as the LDD
structure 15 discussed:§¥ ra, Subsequentl further ion inglantation IS

done for suppressi’onSft %rﬂ)trt'f-%a‘?ﬁl’fe‘f%/"é‘ﬁ eTHeRIYHOUGIPTAPS SPRp i s
not e o o6 1 LR SR L0 S14 T Ralh o Bl P LY. Shnd st o0
oL L€y SO SO U A SAIAE U e 8, PYLREPRE it gu g, oL
substrate 101, L High &ledfiddl 11Nl encoRPEE il ihe QSRRET IIME is
5 inevitable. Just after the ga;e formation step, boron
fluoride is introduced 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 éforementioned "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.
~ Subsequently, further idn 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



25 term nal pads of MOS'transistors at step (d). Wen 30 necessary, second
and third pattered chip-lead |layers mnay be additionally fornmed at second
and third levels over substrate 101. A resultant MOS transistor with gate
114 will be called the "thin-filn MOS transistor 5 because of the fact
that this comes with a reduced- thickness or "thin" gate insulation film
beneath gate 114. This thin-film MXS tg@nsistor is such that even upon
application of |ow power supply voltage of 1.8 volts, an electric field
created within its gate 10 insulation filmwll be 5 MVcm 2 or greater
while sinultaneously causing it to neasure 1 x 10-6 ACM2 in nmagnitude of
gate | eakage current. As can be readily seen by those skilled in the art,
this thin-filmMXS transistor was manufactured satisfying the currently 15

avai | abl e subm cron-scaling rules.in sem _caonduct or . .m crof abrication -
technol ogy; in t A&, ste}ﬁogdlv@é R&E‘rﬁ#ﬂ sq%rq:?re icﬁ%lrgaglaepafégaé’ ot use
with the on-chip I i st ry. j L0 11y, e dt e t he

thick-film MOS t Fat sib_rs;'t %r(fsd%béogr%ééa@ggotﬁr?t t-i ns-éf%?dncfz%%ﬁtbllr&;mls%lo%s in
gate |ength--i.e.qoR MAiH&l-0 § ol engl Begf;1EhA%e MosRSEBEQE RN kst rat e

101. The threshold value of thick-filmMX transistors is required to be
greater than thatgaefe thignWfiillimpnes11E dihe oHid - Yim tdB SRR WA

known that if the gate
5 because of the fact that this comes with a reduced-
thickness or "thin" gate insulation film beneath gate
114. This thin-film MOS transistor is such that even
upon application of low power supply voltage of 1.8
volts, an electric field created within its gate

2 or greater while

10  insulation film will be 5 Mvcm®
simultaneously causing it to measure 1 X 107° .Acm'2 in
magnitude of gate leakage current. As can be readily
seen by those skilled in the art, this thin—fiim MOS
transistor Waé 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



25 oxide filmthickness alone is sinply increased then 31 resultant
threshold value w il decrease accordingly. The |lower the threshold val ue,
the easier the MOS transistors fail to conpletely turn off; in such
situation a current mght attenpt to flowin thin-filmb5 transistors

di senabl i ng acconpl i shnent of intended dvant ages of the present

i nvention. This phenonenon nay be avbiagd_by i ncreasing the
source-to-drain distance--nanely, by enlarging the gate |length. This

met hod wel | matches the MOS transistor design scheme 10 which has been
generally called the "scaling rule.”" Mre specifically, enploying those
MOS transistors wthout the scaling treatnent will be sufficient;

however, this does not come without certain "pain" in that resultant chip
surface area i ncressdtants hedterldpmEbaeiwikl dediedse aCIFRIRBLL- t he
impurity concentration-of the channel section of thick-film MOS
transistors. One Ttk dmweye tdfe tHizeshpit caxhie s thatedhiehi hraviEs
transistors are capable of decreasing in occupation area on the substrate
due 20 to the cafdiRnSiSEFs ok & PRk et ¥ ‘F‘é%t#g;s gt ed with

ot her approaches; a.disadvantage is that . the transj stor_w.thst
vol tage rating a4t Ubid iF8F FE- ERE AR D SR 1 %“r’eja%\é\é.hlorf fﬂ%n

internal el %Ct ri Ctrfa!.neslidstvgllshic{liseearga%]'.\@gtéc?ggxilgifél‘ment of inten_ded
advantages of the present invention. This phenomenon
may be avoided by increasing the source-to-drain
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-ef the channel section of
thick-film MOS transistors. One advantage of this
approach is that on-chip MOS transistors are capable
of decreasing in occupation area on the substrate due

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

"~ internal electric field within each MOS transistor

25 beyond an expected level as defined by the scaling



25 beyond an expected | evel as defined by the scaling 32 - rules. Fig: 50
is one nodification enploying n-type MOS transistors only. This assunes
that these transistors are fabricated on the sanme substrate along with
those 5 transistors discussed previously in connection with Fig. 11in a
way as wll be set forth below An n-type silicon substrate 5101 is
prepared with an elenent isolation diekectric region 5102 nade of a
thermal oxide filmof 300 nmthick being formed 10 thereon, and n-type

i mpurity-doped | ayers 5103, 5104 as formed in the surface thereof. These
| ayers 5103, 5104 are doped with an inpurity to an average concentration
of approximately 1 x 1017 cm 3, and are inherently necessary for el enent
isolation with 15 respect to "associate" p-type MOS transistors on the
sanme chip substrat including both thin-filmand thick-filmones). The
i npurity introdudty may be perfornmed using any one of currently

avai l abl e technique%r 20 ter éon igg{ﬁg%%gégﬁuégpg§9§ggﬁﬂgEﬂggaﬁggective

MOS transistors to exhihit” dest r&aCthires I'co odr zat i on
(thermal oxide) lirdBcilinds erfr#@d 101 GG s UilR SR 2
predeterm ned thickness of 10 nm for exanple. Then, a
are fabricated on the same substrate along with those
5 transistors discgssed previously in connection with
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 10! 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



25 polysili.con |ayer 5106 is deposited thereon to a 33 thickness of 120
nm The resulting structure is next doped with boron ions at its entire
exposed surface causing the boron's average concentration to be adjusted
to 1 x 1020 cm 3 or above within a polysilicon 5 |layer 5106 overlying

t hermal oxide 5105. The boron ions nmay be doped by ion inplantation to a
concentration of 2 x 1015 cm 2 at accelggatlon vol tage of 40 KeV,
alternatively, the sane may be attai ned use of previously boron-doped
pol ysilicon. 10 Subsequently, a silicon OXIde film5107 is formed as a
gate el ectrode protection filmon the entire top surface of the structure
to a thickness of 50 nmat step (a). The thermal oxide film 5105,
polysilicon layer 15 5106 and gate el ectrode protection |ayer 5107 are
patterned by photolithography and dry-etching techniques form ng on
substrate 5101 a 'ﬁaltctlﬁ??f%ﬁj t3e20 drect Mhge resyildndiy SIOBICUMITH shaeXt s
fabrication gate_|length of 18 min view of the, short-chapnel 20 effect.
This island 5108 94R%Y o<t |9Qﬁ@t%@"i)a§% 16§ Rt bR BPASERi TREFRFH MOS

transistor. Wth this te el ectrode as a mask, arsenic is introduced to a
concentration of cf‘&sjﬁ??} et %V?%et?l%'?% EERT R o n‘b %ced- apar't

n-type '”p“r'ty*¥%%ﬂLééH“¥o 1 x 10% cm™® or above within a polysilicon

5 layer 5106 overlying thermal oxide 5105. The boron
ions may be doped by ion implantation to a

"2 at acceleration voltage

concentration of 2 x 10® cm
of 40 KeV; alternatively, the same may be attained by
use of previously boronfdoped polysilicon.

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

The thermal oxide film 5105, polysilicon layer

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

20 effect. This island 5108 will constitute the gate
electrode of a thick-film MOS transistor. With this
gate electrode as a mask, arsenic is introduced to a
concentration of 2 X 10 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.



25 5109L in one n-type |ayer 5104 of substrate 5101. 34 These | ayers 5109L
act as the source-and drain regions of the LDD type with respect to gate
el ectrode 5108. The--reason for this is as has been discussed in
conjunction with Fig. 1. Introduction of n-type 5 inpurity herein may be
done by ion inplantation techniques with the average concentration being
set at 5 x 1018 cm 3 al though such valgg remain freely adjustable in
conformty with exact MOS transistor characteristics required. 10 Then,
dielectric spacer layers 5110 are forned on the opposite side walls of the
gate el ectrode 5108. These side-wall spacers 5110 may be nade of silicon
nitride of 100-nmthick. Each side-wall spacer 5110 wll function as a
protective filmthat protects the 15 silicon oxide film beneath the gate

| ectrode 108-- ly, ili [ fil derlyi 108_and
geregi ;18 gs t he g%%&ﬁ’a%%ﬁ%%%&egﬁ eépéelfgﬁc-%? a‘%g‘?’h‘g?‘i‘gﬁgp‘éﬁ%ﬁ%
erosion due to p?ﬁ;gﬁ-ﬁe;&%tﬁt e Gham g{aés&gg@&tégrb%ew@f D880 YENS .

enpl oyed, such a ric aci uring washing of the entire

surface of resul gl SlJdet W e L UGE ULss i Sedloneds cydddy phosphor us
inmpurity to a concentration of 2 x 1015 cm2 at 40 KeV formng a pair of
n-type regions 5109 jiuhcdidteiwindiD4id). sUCh 1 MRt ildato feacttyipge i n cont act
5 impurity herein may be done by ion implantation
techniques with the average concentration being set at
5 x 10® cm™ although such value remain freely
adjustable in conformity with exact MOS transistor
characteristics required.
10 fhen, dielectric spacer layers 5110 are formed on
the opposite side walls of the gate electrode 5108.
These side-wall spacers 5110 may be made of silicon
nitride of 100-nm thick. Each side-wall spacer 5110
will functioh 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%°
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



25 with a correspondi ng one of region 5109L. These act as 35 the source
and drain with respect to gate electrode 5108. The n-type inpurity may be
done by ion inplantation techniques to average concentration of 5 x 1019
cml. 51In this enbodinment the gate insulation filmof resultant MOS
transi stor having the gate el ectrode 5108 neasures 10, by way of exanple.
After formation of the side-wall- spacer$s5110, the overall top surface of
the structure is washed using 10 hydrofluoric acid. A thermal oxide film
5111 is formed to a thickness of 3.5 nmon selected area of the exposed
surface of the silicon substrate 5101 excluding certain areas of formation
of the elenent separation dielectric region 5102 and gate el ectrode 15
5108. Next, a polysilicon 5112 of 180-nmthick is entirely deposited

t hereon. The resulting structu s. doped with boron ions t 015 cm 2
at accel eration S8 345{@?111 rg'byreﬁ%?ﬁ'ﬂ "y FHER- ?fecuoc}
polysilicon of 1 020 n}3 i_n_average.i rJ 2 NG tr i on

silicon oxide 51 |s tﬁgﬁ PoFNE& l@Pré&fggﬁbb;¥1y2%8&% péﬂioly5|llcon

5112 at step (b) pm% Q%;p' Z%Iég r@élé«l% %yﬁﬁé&&@ré&@na@ﬁs

silicon oxide 5113 are Shen pa usi ng ogr aphy and
dry-etching tech@gq@eswxgeflnlng

5 In this embodiment the gate insulation film of
resultant MOS transistor haviﬁé the gate electrode
5108 measures 10,-by way of example.

After formation of the side-wall spacers 5110, the

overall top surface of the structure is washed using

10 hydrofluoric acid. A thermal oxide film 5111 is formed
to a thickness of 3.5 nm on selected area of the
exposed surface of the silicon substrate 5101
excluding certain areas of formation of the element
separation dielectric region 5102 and gate electrode

15 5108. Next, a polysilicon 5112 of 180-nm thick is
engirely 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 10%° 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 usihg

photolithography and dry-etching techniques, defining

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



25 another island 5114 of 0.18-mgate length. Island 36 5114 constitutes
the gate electrode of a thin-filmMOS transistor on substrate 5101.
Resultant structure is next doped by ion inplantation with an inpurity of
arsenic to 2 x 1015 cnf'2 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, further iond4dmdantation 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 filmb5116 is forned on the entire surface of resultant
structure, a first patterned netal chip- lead layer 5117 is fornmed thereon
for electrical interconnection with respective transistor term nal 15 pads

at st d). If d d third. in-_| | d
ool ohi vely ovePioing oRkeIEoRas 2he, Gl cllqRrafo s &Y REAATBY 16 Mot T
I's shown in Fig. t?an\éﬁ%%gﬁi ®n @hk%%&%feéetgl%ﬂe exeonh ahy mepphiachyei ng

nmet hod of an 20 aving on t same substrate different kinds of
MOS transi stors: ;LuRNGbLelr HN oY aid-ARke MPSr! KARY SHOMREReTEV Mg f1ow

of a tunnel current therein‘resulting froma change of inpurity
concentration at agak@ian@osQuikCeopOrdm®ngt 20KeVUPASViding in layer
5 5103 spaced-apart n-type regions as the source and
drain of the thin—film MOS transistor at step (c).
Subsequently, further ion implantation is carried
out for suppression of the short-channel effect
although such step is not shown in the drawing for
10 purposes of illustration only. After an interlayer
dielectric film 5116 is formed on the entire surface
of resultant structure, a first patterned metal chip-
lead layer 5117 is formed thereon for electrical
interconnection with respective transistor terminal
15 pads at step (d). If necessary second and third chip-
lead layers may be formed insulatively overlying chip-
lead metal pattern 5117.
A second embodiment is shown in Fig. 2, which is
directed to one exemplary manufacturing method of an
20 IC chip having on the same 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



25 current absent MOS transistors permtting no - 37 substantive tunnel
current flowtherein. In this enbodinment the cross-sections of p-type MOS
transistors alone are illustrated in Fig. 2 in the sane manner as that in
~the previous enbodinent (Fig. 5 1). An n-type silicon substrate 201 is
prepared on which an elenent isolation dielectric region 202, an n-type
impurity layer 203 and an n-type inpuril% tayer 204 are forned as shown.
Here, the n-type layer 203 is devoted to provision of a well _regi on of.
transistors 10 for use in constituting a main circuit whereas n-type |ayer
204 is for a well of power-supply intercept MOS transistors which
selectively permt power feed tothe main circuit during first periods and
tointerrupt it during second periods. Layers 203, 204 are 1 X 1017 15

cm3 or more or sﬁ%%tbﬂt@‘(r%r RYBnleTP i L NGO FARRU tddr@in. | MRUERLY doping
into | ayers 203, 204 may be attained by any presently avail able

techni ques. Afteengedliglent ihRUkLhbYsi-$ed@ARthsbYfi @ tyifel MUsation into
selected surface regions of transistor formation for adjustnent 20 of

t hreshol d val ues trhaséetora thenenlrexiidd usitlrat2@b in Fifgr riledrortkehe entire
exposed top surface.of substrate 210 to a thickness of 3.5 nm Then, a
pol ysilicon Iayesaﬁ@Gmahn£80aﬂnmhhmchnl$henmﬂﬁwmpuskthndumﬁn¢hdEG@n at
step (a). 1). An n-type silicon substrate 201 is prepared on
which an element isolation dielectric region 202, an
n-type impurity layer 203 and an n-type impurity layer
204 are formed as shown. Here, the n-type layer 203 is
devdéted to provision of a well region of transistors
10 for use in constituting a main circuit whereas n-type
layer 204 is for a well of power-supply intercept MOS
transistors which selectively permit power feed to the
main circuit during first periods and to interrupt it
during second periods. Layers 203, 204 are 1 X 10%7
15 cm™? or more or less in average impurity concentration.
Impurity doping into ldayers 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



25 A dose of phosphorus ions 207a is introduced into - 38 certain
substrate surface areas assigned to formation of standard transistors
exhibiting, normal circuit operations, to a concentration of 2 x 1015 cm 2
at acceleration voltage of 25 KeV providing an n-type 5 polysilicon 207
above | ayer 203 of substrate 201. Likew se, a dose of phosphorus ions 208a
is doped into different substrate swfage areas exclusively assigned to
formati on of power-supply intercept transistors exhibiting normal circuit
operations, to a 10 concentration of 2 x 1015 cm2 at 35 KeV form ng an n-
type polysilicon 208 at step tb). Due to a difference between process
paraneter settings at the phosphorus ion introduction steps, resultant
gate el ectrode of a pomer-supply intercept 15 transistor is "variable" in

impurity concentrat| ain QEQ% %%g%éégﬂgfégysééﬁfﬂﬂga adeieladitat the

inmpurity concentFSFlon |ncreases (up 1020 cm 3) only at its

upper sections V\:ggl gtg Hﬁ'rqg ¢ %s:.ls@ﬁﬁrs %&Hﬁ&ﬁf@arndﬁ%lumqrdd&mg gate
m

insulation fil ocal ecrease In inpurity concentration (approx.
1 x 1017 cm 3). éF%Q"a@_'lesy ttoh% GrR-RltaGdiede dowerx 1988témm decreases in

carrier density allowing the transistor to resemble in electrical
characteristic HkhesecMa®ibhar@iltiaRfes o 135 Kdihipdowgiating rsulmatitiype
5 polysilicon 207 above layer 203 of substrate 201.
Likewise, a dose of phosphorus ions 208a is doped
into different subétrate surface areas exclusively
assigned to formation of power-supply intercept
traﬁsistors exhibiting normal circuit operations, to a

035 em™? at 35 KeV forming an n-

10 concentration of 2 X 1
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™®) only at its upper sections while causing its
lower section near the underlying gate insulation film

20 to locally decrease in impurity concentration (approx.
1 x 10*7 em™). Accordingly, the gate-electrode lower
section decreases in carrier density allowing the
transistor to resemble in electrical characteristic

those MOS transistors with a thick gate insulation

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



25 film This may in turn mnimze flow of a tunnel 39 current via the
gate insulation film After inplantation of phosphorus ions 207a, 208a, a
silicon oxide film 209 of 100-nmthick is deposited on the 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 3md dry-etching techniques form ng
gate el ectrode islands 210, 211 at step (c). Gate el ectrode 210 is 0.18 pm
in gate length. 10 Since gate el ectrode 211 is seen to have a thick gate
insulation film its gate length is set at 0.18 pmor greater in view of
the short-channel effect. After formation of gates 210, 211, a pair of
spaced-apart p- type regions 212 are fornmed in layer 203 in such a way 15

that these are egﬁgggk%lbgﬁzﬁh%-?g %nqgsgpggib%gfigmgrlying gate 210 thus

[
provi di ng the sourcé and eélons transistor. Simlarly,

spaced-apart  p-type g, 0ng AL A8 JP JBbhApHdttud 1M Sra, VgL and
drain, in the neighbofﬁhg Iafﬁ? 204 to be gbcgﬁ?f-aliéhed\Mtr?its

overlying gate 211s333eehabgddet FRNAWRID if II0BP-riC)chilckn iisT@epdisdtdean may
be enployed for introducing of p-type inpurity such that boron fluoride
is introduced tood XhtO0%htGhe? salr fAGeKeY. resulithirt: embedirmet salrsetued.ra

ion inplantation for

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
techniques forming gate electrode islands 210, 211 at
step (c). Gate electrode 210 is 0518 Hm in gate'length.

10 Since gate electrode 211 is seen to have a thick gate
insulation film, its gate length is set at 0.18 um or
greater in view of the short-channel effect. After
formation of gates 210, 211, a pair of spaced-apart p-
type regions 212 are formed in layer 203 in such a way

15 that these are essentially self-aligned with the
overlying gate 210 thus providing the source and drain
regions of a MOS transistor. Similarly, spaced-apart .
p-type regions 213 are formed, as the transistor
source and drain,.in the neighboring layer 204 to be

20 self-aligned with its overlying gate 211 associated
therewith at step (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



25 suppression of the short-channel effect is not 40 specifically shown in
the draw ng for depiction conplexity elimnation purposes only. After

of an interlayer dielectric film214, a first nmetal chip-Iead
pattern 215 is forned thereon for electrical 5 interconnection with
respective transistor termnal pads. As necessary, second and third
chip-lead patterns may be added insul atg vely overlying nmetal pattern 214.
Note here that in the manufacture of this enbodi ment shown in_Fig. 2,

| C structure may 10 not offer the capability of conpletely
elimnating the flow of tunnel current through oxide filns; in this
respect, it mght be admtted that this enbodi nent remains |ess than the
previ ous enbodi ment of Fig. 1 in reduction of power dissipation. Instead, a
significant

formati on

resul t ant

capability of

15 SHHRNERI VYl QSO LIRAE! G 2aambodmaL i ag 1 the

reducrng procesS conplexi uracturing costs. This

can be said becaaaﬁp&Qﬁityfem%aﬁae&snt Btéggws@isf beRNg Retweeposhapdand MOS

transi stors and power supply intercept

transistors 20 is attalned by

][re[) ely ?_ddi ng i ogrdgpi REtek1alap! antakiceripr €amsS 234EPs A rishe meidilnary
abricatl on
test procedure, theépFlgadlpafbeghnent is fophedadhariagedos thaattlieali g. 2
in that

enbodi nent

5

10

15

20

25

system procedure. Regarding after-manufacture reliability

interconnection with respective transistor terminal
pads. As necessary, second and third chip-lead
patterns may be added insulatively overlying metal
pattern 214. Note here that in the manufacture of this
embodiment shown in Fig. 2, resultant IC structure may
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
advantage unique to the Fig. 2 embodiment lies in the
capability of reducing Pprocess complexity and
manufacturing costs. This can be said because the
tunnel-current flow differing between standard MOS
transistors and power supply intercept MOS transistors
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 embodiﬁent in that

during test routines the former requires mere



25 during test routines the former requires nere 41 execution of measuring
the gate insulation film thickness whereas the latter should require
actual operations of resultant devices manufactured. A third enbodi nent
will now be described with 5 reference to Figs. 3 and 4. Figs. 3 and 4 are
di agrans each showi ng one practical configuration of a sem conductor
integrated circuit device enbodying the41invention, wherein Fig. 3 is a

| ayout depiction of this enbodi nent whereas Fig. 4 is a cross-sectional 10
vi-ew of the |layout taken along line A-A" of Fig. 3. The IC device is an
exanpl e having a series conbination of two NAND gate circuits. In Fig. 3,
MOS transistors MP and MN are those for power supply intercept (for use
with a. control 15 circuit), and neasure 10 nmin gate insulation film

t hi ckness alt houqefg“:_‘th1 se fe imneag&erlrﬂ%p%crateﬂé f#at,sé N s tgi(%rgsyiﬁ{‘i onfilm

t hi ckness. MOS transistors an use wt ogic circuit

(main circuit), andaecd SHNBL GHE TASULA 0 TE] Fodl SENeSEualn 20

this way, this e Iment enploys two kinds of MOS transistors wth
different gate ingdRidiQhd idinrddlikdias aadd ¢es . mélRiLactieegat e | ength LM

of gate insulation filmthickness-increased MOS transistors is greater
than that of gate insuleiifd dnbdRimeSkN@E5l now be described with
5 reference to Figs. 3 and 4. Figs. 3 and 4 are diagrams
each showing one éractical configuration of a
semiconductor integrated circuit device embodying the
invention; wherein Fig. 3 is a layout depiction of
this embodiﬁent whereas Fig. 4 is a cross-sectional
10 view of the layout taken along line A—A' of Fig. 3.
The IC device is an example having a series
combination of two NAND gate circuits.
In Fig. 3, MOS transistors MP and MN are those for
power supply intercept (for use with a control
15 circuit), and measure 10 nm in gate insﬁlation film
thickness although these temain 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. 1In
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



25 decreased MOS transistors. This is based on the fact - 42 that the need
is arisen to set an appropriate gate length suitable for the gate
insulation filmas nentioned previously; if the gate length remains short
when such dielectric filmis thick, then subthreshold 5 | eakage can occur
bet ween the source and drain disenabling conplete turn-on/off operations.
The internal structure of the seniconﬁqﬁgQJ integrated circuit device of
this enbodinment will be explained with reference to Fig. 4. Wile this 10
enbodi ment basically enploys thin-filmMOS transistors to attain

hi gh- speed operations, it is further provided with certain switches for

i ntercepting power supply during standby periods of such thin-film MOS
transistors in order to mnimze power dissipation 15 during standby. And,
the switches include thick-film MOS transistors inherently |less _in flow of

tunnel | eakage ElfFeRPe RRSA- tPp8rdgHS: F2t §2302" REETORELER 35St ype wel |

302 and also h It - ti egi_on .303.0n. 20 _sybstrate 301.
Spaced-apart 1 egtBNE IR L5a307 APE TR CAPodLoMAd PRl 18 “Fogi o ol  cui

R S e R B R e R
insulated gate el gehrades di@iectric 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 further
provided with certain switches for intercepting power
supply during standby periods of such thin-film MOS
transistors in order to minimize power dissipation

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

An n-type substrate 301 has therein a p-type well
302 and also has an element-separation region 303 on

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

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



25 311; MOS transistor MP has its gate electrode 312. - 43 Reference
character "G T" designates the gate insulation filmof each transistor TP
and "G M indicates that of transistor MP. A first interlayer dielectric
film313 overlying 5 the gates 310-312 on substrate 301 has openi ngs as
contact hol es through which the sources and drains as well as gate

el ectrodes of respective transistors ar electrically coupled by first

| ead | ayers 314, 315, 316 and 317.' Lead |layers 314, 316 are connected to
the 10 source regions of logic-circuit MOS transistors pMOSL whereas | ead
| ayer 315 is to the "comon" drain region thereof. Lead 317 connects the
source of one logic- circuit 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 MOS transjstor pMOSV. A sgcond interlayer
dielectric film ReFerenasd HRrraEH i 1T | rﬂeé%gé%‘resdi‘é}ee&%q’iec film 318 has

a contact hole for uyse in electrically connectin 0 & 0 | ayers
320, 321 to the fiSdtlatedad | oft SATeSHBFLIS atslfafg{nqstd‘h‘ier2%?’.g Lead 320
shunts the drain .of,.power- supply. interce transi stor pMOSV. Lead 321
acts as a first PR 6%#ﬂﬂ%$3%%§i%;%ﬁl of .the source of power-supply

intercept M tranSi%&qgifggx%ﬁtéffgyer dielectric film 313 overlying

5 the gates 310-312 on substrate 301 has openings as
contact holes through which the sources and drains as
well as gate electrodes of respective transistors are
electrically coupled by first lead layers 314, 315,

316 and 317. Lead layers 314, 316 are connected to the

10 source regions of logic-circuit MOS transistors pMOSL
whereas lead layer 315 is to the "common" drain region
thereof. Lead 317 connects the source of one légic—
circuit 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 iayers 320, 321 to the first lead layer at a desired
location thereon. Lead 320 shunts the draip 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 via the



25 321 is interconnected to first lead 318 via the 44 contact hol e of
second interlayer dielectric film319. Wth the above |ayout,
i nterconnection between a logic circuit forned of |ogic-circuit MOS
transistors pMOSL and nMOSL and the first power supply is controllable 5
by the power-supply intercept MOS transi stor pMOSV. Note here that
al though only the p-type power-supply gintercept MOS transistors pMOSV are
shown, it also remins pernssible to connect n-type power supply
intercept 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
th.d5 an? F:cgfh 6 through 9) to be Iater presented. 15 A fourth
enbodi ment of the present Jnvention be expl a ' r e to
rlgﬁ'S, gh;ﬁh i € ER&F WQ}%UP rﬁ&ﬁ?%ﬁ WY SF %?%g %%%b%oﬁigéugggion.
n Fig. e r rrence character " JOVCSN ter Je1"
and " MPl" desig QS} 6%3 lbéns%ﬁgofgéﬁgﬁgtlTNl" gﬂ%gﬁhfﬂ%O%%E

n-type MOS transistor Aied SSLSLPE Etrﬁ@sttﬂalagiaerbag mbst.er
present ed ones of ]f%e r’|¢S)rfe<£senglbt g)gl%c%??on t\rl\e small circle sydn%ol "0"

:"‘n' 't hge adher ed 1,03 thediatfna tekdr natscessien ehippaghip- typerdBablansi st or
5 by the power-supply intercept MOS transistor pMOSV.
Note here that although onlyvﬁhe p-type power-supply
intercept MOS transistors pMOSV are shown, it also
remains permissible to connect n-type power supply
intercept 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 thxrough 9) to be
later presented.

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

In Fig. 5 the reference character "Ll1" indicates a
CMOS inverter, "TPl" and "MPl" designate p-type MOS

20 transistors, and "TN1" and "MN1" are n-type MOS
transistors. (In this transistor circuit diagram and
later presented ones of the present application, the
small circle symbol "O" will be adhered to the gate

terminal section of each p-type MOS transistor in the

25 illustration.) MOS transistors TPl, TNl correspond to



25 illustration.) MOS transistors TP1, TNl correspond to 45 those TP, TN
of Fig. 1 respectively. The gate insulation filnms of MOS transistors TP1,
TNL are thinner than those of MOS transistors MP1, MNL. Hereinafter,
certain transistors enploying a thin gate 5 insulation filmlike M3S
transistors TP1, TNl will be referred to as the "thin-film M3S
transistors” or "thin-filmtransistorsys transistors using a thick gate
insulation filmlike MOXS transistors MP1, MN1 wi Il be called the
“thick-filmM3S transistors” or 10 "thick-filmtransistors.” (In the
transistor circuit diagrams of this application, the illustration of each
thin-filmMOS transistor comes with an ellipse surrounding it.) Attention
shoul d be taken to the fact that while nost prior known thin-film
transistors 15 called the "TFTs" refer to those farmed, on a_ dielectric
substrate by use t&PssefPeodduSioF ithi i iSRG EIS atigﬁ‘et &8hfi ques, the

thin-filmand thick-film transisto cording to thi inﬁﬁnt' are free
from such |imtafsveastric Sorq_%i%\'ﬁgﬁce‘ifq‘rfso%%%res 218 ’ azd
sem conduct or - on- i nsul at S f abrd i B s | rantly,
definition of th&SeMPfE * d }%olscek-?él ﬁ'?néé ﬁ'{ka%gglast ors. o t'hibgmli'nventi onis

tererﬁ]'y based on LOMRAI[UL Ofcd it GRlE dASIE @4 OTerdd ] SR 1t CkNEssh pedaneen
5 insulation film like MOS transistors TP1, TNl will be
referred to as the "thin-film MOS transistors" or
"thin-film transistors"; transistors using a thick
gate insulation film like MOS transistors MPl, 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—filmi
fabrication techniques, the thin-film and thick-film
transistors according to this invention are free from
such limitative structure originated from the
20 semiconductor-on-insulator (SOI) fabrication scheme;
importantly, definition of these thin- and thick-£film
transistors of this invention is simply based on
comparison of the gate insulation film thickness
.between them.

25 A thick-film MOS transistor MPl is inserted



25 Athick-filmMOS transistor MPLl is inserted 46 between a first power
supply vdd and the CMOS inverter L1 whereas a thick-film MOS transistor
MNL is between a second power supply Vss and CMOS inverter LI. Were this
circuitry is for use in processing signals 5 (during nornmal operation
periods), a control signal CS is at a logic Hgh or "H' level. Upon
receipt of this control signal, thick4®6iI"m MOS transistors MP1, MN1 turn
on causing first power supply Vdd and second power supplyVss to be coupled
directly to CMOS 10 inverter L1. Since this inverter L1 is formed 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 flow between the 15 first and

second power suppbigseNUd, £¥8stVhawkhi skpplir vallOentr anei sMOSSs ivPkr tihil
causing power dissipation to increase as a whole.. When this circuitry is
out of use, nanely,wHHfkAg st andby-fpémi MOS, trhasdéenbroMNii gaabe€geen
potentially drops down 20 at a logic Low or "L" level. Wien this is done,

t hi ck-- film MOSat saashdt ppwedPinphMNy Vesnaoflf CMESciinyeChveEs LilnvefRe¥e Ll to
be electrically disconnected or "wapped" fromfirst and second power
suppl i es Vdd, ~VsbisThérgaibrroisofiptegsat ént BX@FESH1iNGaRagB2dSr r ent

5 (during normal operation periods), a control signal CS
is at a logic High or "H" level. Upon receipt of this
control signal, thick-film MOS transistors MP1l, MN1
turn on causing first power supply vdd and second
power supply-Vss to be coupled directly to CMOS

10 inverter L1. Since this inverter L1 is formed of
thick-film MOS transistors TP1l, 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-
£iTm MOS transistors MP1, MN1 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 MP1, MN1l turn off forcing CMOS
inverter L1 to be electrically disconnected or
" "wrapped" from firsp and second power supplies Vdd,
Vss. The gate-to-source/gate-to-drain leékage current

25 will no longer flow between first and second power



25 will no longer flow between first and second power 47 supplies Vdd, Vss
because thick-filmMOS transistors M1, ML are rendered nonconductivé. In
this situation none of first and second power supply voltages Vdd, Vss are
supplied to CMOS inverter L1 rendering it 5 inoperative (its output OJT is
in the high inpedance state when signal CSis at "L" level) while
elimnating an increase in power dissipati-on because of the fact that
thick-filmMOS transistors MP1, MN1 disenable flow of any |eakage current.
I'n this 10 enmbodinent the thick-film M transistors nmeasure 3.5 nmin
gate insulation filmwhereas thin-filmones are 6.0 nmin gate insulation
film however, this invention should not be exclusively limted thereto
?hngs t he "standgyfgurrent | eakage reduction" effect 15 may be attainabl e

sof ar as sone di rence esent bet we ke
t hi ckness (in ofHEP &BFd¥d8wh§ﬁ§v§FcFﬁée %ﬁlcﬂeglgﬁb efyﬂgfyﬂd%@ e

t unne ge current of

t hi ck- f|In1transP§E ﬁyiggﬁéng%%%§ePP§§nE§g QElWQ n fhl gh9Besituation

?Sg:zgﬁrslgg, g 1 ] y ca “cl'ocked-inverter " is
si gngd Lo, rORgLALe @RRAES powerl &% r1tsiggralvdds bein
fed as a clock mButo ?s ?ntgngég CIFCU?F operaf?f#?vmll not SES )

di sturbed when taashsk0kpMiledlRb aMds hh@@&t%komﬂ MehdebNhaarie
i nterchanged in connection

5 inoperative (its qutput OUT is in the high impedance
state when signal CS is at "L" level) while
eliminating an inérease in power dissipation because
of the fact that thick-film MOS transistors MP1l, MNI
disenable flow of any leakage current. In this

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

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

20 the "clocked-inverter " is typically designed to
operate in response to the control signal CS being fed
as a clock input, its intended circuit operation will
not be disturbed when transistors MPl, TPl and
transistors MN1, TNl_afe interchanged in connection

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



25 order as long as these are in a series connection. The 48 enbodi nent
circuitry is distinguishable in nature from prior known inverters in that
the effectiveness is [|ost upon nodification of the connection order of
paired transistors corresponding to those MP1, TP1 as 5 well as alteration
of the connection order of transistors corresponding to those MN1, TNl of
the enbodiment. Next, a fifth enbodl of the present. invention wll be
expl ained with reference to Fi gs. ﬂgﬂ% 10 This enbodi nent is
three-stage CM3S inverter circuitry enpl oyi ng a series conbination of
three pairs of thin- filmp-type MOS (PMX) transistors TP1 to TP3 and
thin-filmn-type MOS (NMOS) transistors TN1-TN3. In the draw ngs PMOS
transi stors MP1-MP3 and NMOS 15 transistors IMN1- MN3 are thick film

transistors. In Fig. 6 this circuitry includes thi transi stor
whi ch are inserteubbéimesh ChECHLEFY ﬁ@w@ﬂStéﬁﬁﬁPfgﬁﬁ eaﬁ& P€§H§ %68“bom;r

supply electrodes Vcdl|-Vcd3 of three CMOS.i e en th

gg secon?hpomer QEFBFka§§naHHV66%€FSs&ﬁpﬁya§l§ét §g%c eﬁ%ﬁ éﬁfhereof
usi ng e contro nal Ired u th i Fan t

to potentially dP8p Hgﬁﬁ e 1Ei E ﬁﬁpQ ec?ﬁ%@%ﬁ#h nagnrtu e tﬁgsfﬁga

of gate-to-sourc
g Sé?re E%agg§5@ors corresponding to those MPl1, TPl as

5 well as alteration of the connection order of
transistors corresponding to those MN1, TN1 of the
embodiment.

Next, a fifth embodiment of the present invention
will 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 cirzﬁitry includes thick-film MOS
transistors which are inserted between the first power
supply Vdd and respective power supply electrodes
Vedl-Ved3 of three CMOS inverters and also between the

20 second power supply Vss and power supply electrodes
Vesl-Ves3 thereof. Causing the control signal CS
applied upon the thick-film MOS transistors to
potentially drop down at "L" level may decrease in
magnipude the flow of gate-to-source/gate-to-drain

25 currents of thin-film MOS transistors TP1-TP3 and TN1-



25 currents of thin-film MOS transistors TP1-TP3 and TN1 49 TN3 reducing
power dissipation. In the enbodi nent shown in Fig. 7, the sources of
thin-filmMOS transistors constituting the three stages of inverters are
coupled to "virtual" power 5 supply lines VcdO VcsOwith thick-film MOS
transi stors connected between virtual power supply |ines VcdO VcsO and
first and second power supply lines_Vgg,_Vss. Wth such an arrangenent,
simlar advantages to those in the case of Fig. 6 may be also 10
attained. Conparing 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 nost - cases. It is required that the gate 15
wi dth of transistors MP1-MP3, MN1-MN3 be carefully determined to elimnate

occurrence of a delay in tine during operation of each inverter due to
insertion of t TSNS IPRMEr INISWEEI9h the case of Fig. 6, the

gate width of transistors PML, 1 is determned. 20 to identigal oer

equi val ent to that o?nt?%%s‘%\%}?%‘ggme%lghw,l%spﬁgy 1(})’f tté)lggnp?%. ign The case
of Fig. 7, howeyer, the Wi dt h. i St ML, £ N1 eye be
deternined in vi %Tg%%qﬁéeﬁ%ﬁ%lngé%ﬁo o#ééeg%h i%ver_t er. Mre
specifically, trg%é§g§33¥(§5béf%ers are coupled to "virtual" power

5 supply lines Vvcd0, VcsO with thick-film MOS
transistors connected between virtual power supply
1ines Vcd0, Vcs0 and first and second power supply
lines vVdd, Vss. With such an arrangement, similar
advéntages to those in the 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 PM1, MN1 is determined

20 t; be identical or equivalent to that of transistors
TP1, TN1l, by way of example. In the case of Fig. 7,
howevér, the gate width of transistors MP1l, 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 determ ned by taking into account the maximum- 50 activation ratio of
logic circuits (three stages of inverters in Fig. 7) connected to
transistors MP1, MNI. In the exanple of Fig. 7, a single one of three
inverters is rendered operative at a tinme; accordingly, 5 the gate w dth of
transistors MP1, M\l is designed at agBropriate val ue insuring sufficient
current supply to such single inverte??Y This would result in the gate

wi dt h being the same as those of transistors MP1-MP3, MN1-MWN3 of Fig. 6,
rendering the circuitry of Fig. 7 10 snaller in area than the Fig. 6
circuitry. A sixth enbodi nent of the invention will be described in
connection with Fig. 8. This enbodinent is simlar to the fifth enbodi nent
shown in Fig. 7 with a level holder circuit LHL being added thereto 15
enabl i ng ret ai nrgntiit 1die Rotentéal 1d@vel c Dfcwits outipoee CGillaghsnof he
control signal CS potentially goes 1low rendering the inverter inoperative
so that it is ijhuddrecdrghin mMiegante stmtectathero conansistyaallPES Mihanges
in potential fromthe "H' to "L" level, the 20 last logic level is

mai nt ai ned. Wi | tthe erbolierert Fiampl dysatswngbeconei pEurbseeo make up
the |l evel holder LH1, any other configurations may al{ernatively.be.  used
i nsofar as a | evisivewiaihl s cierdgre@ PPy YS aEaﬁaB}%ebfaﬁﬁPﬁéﬁﬁg}He

otential |evel of output OUT . .
P 5 the gaég width of transistors MP1l, MN1l is designed at

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

10 smaller in area than the Fig. 6 circuitry.

A sixth embodiment of the invention will be

described in connection with Fig. 8. This embodiment
is similar to the fifth embodiment shown in Fig. 7
with a level holder circuit LH1l being added thereto

15 enabling retainment of the potential level of an
ouﬁput OUT when the comtrol 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



25 when control signal CSis at "L" without affecting its - 51
succeeding-circuitry of the next stage responsive to receipt of output

QUT. This enbodi nent is under an assunption that the Ilevel holder LHL is
not required to exhibit high-speed 5 operations; thus, thick-film MOS
transi stors are enployed therefor to suppress current |eakage. If

hi gh- speed requirenent is applied then $evel holder LHL may be constituted
by thin-filmMOS transistors; in such case; care should be paid to the
circuit 10 design in order to ensure 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 Ievel holder to be unconditionally

| ocated 15 anywhere in the circuitry; by -way of exanple, any intended

function woul d “%h&%e@i%@@&lﬂcfry tofVediee rdserdeibatrespongingy "to
i nverter output OUT1 or 2 of the nmulti-stage CMOS inverter circuitry of

Fig. 8. Thus, itdceiptmest JurpdevaiT holder LHL to be inserted 20 at a
sel ected position associated with a specific signal transm ssion |line

required to hold the Tig cemb@Viherey eis wiedie T oaln r @5 SWhPRHPR CEhat Hee "
| evel -- that is, at an output node QUT3 in Fig. 8. A seventh enbodi nent of
the invention w llevedwHsdder LH1 is not reguired to exhibit high-speed
5 operations; thus, thick-film MOS transistors are
employed therefor to suppress current leakage. If
high-speed requirement is applied then level holder
LH1 may be constituted by thin-film MOS transistors;
in such case; care should be paid to the circuit
10 design in order to ensure that possible current
leakage therein is not greater than that in the main
inverter section.
It should be noted that it is impermissible for
the level holder to be unconditionally_located
15 anywhere in the circuitry; by way of example, any
infended function would not be attainable if it were
inserted at a "midway" inverter output OUT1l or OUT2 of
the multi-stage CMOS inverter circuitry of Fig. 8.
Thus, it is a must for level holder LH1 to be inserted
20 at a selected position associated with a specific
signal transmission line required to. hold the logic
level eveﬁ 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 explained by use of Fig. 9. Wile in Fig. 5 (fourth 52 enbodiment) and
Fig. 8 (sixth enmbodinent) there are shown certain enbodi nents enploying
thin-filmMXS trans-istors to formthe "inverter," the principles of the
invention may al so be applied to other types of 5 circuits with any
functions insofar as these are constituted fromthin-film MOS transistors.
One of such exanples is shown in Fig. 59 _Fig. 9 shows an integrated
circuit with the inverter of Fig. 5 being replaced by a NAND gate having
two inputs (IN1, IN2). 10 Wth such an arrangenment also, it is possible to
prevent an increase in power dissipation in a manner simlar to that of
Fig. 5. In the enbodinents shown in Fig. 5 to 9, the control circuit
ﬁoupledtap th_fontroldsi?nal CS 15 enploys thick-filmMOS transistors

avi ng ick-film_ oxide filnms; however, the present inyention should not
excl usi vel y be | ¢RPPEEMERE! efBlaRdImaf éF%ﬁtEﬁﬁpgﬁngFﬁé? ééﬁfgegrgapable

of controlling an anount of . te-to- [ gate-10- I .eak

of_{hin 20 111 m REEVEr GFSFEEBr EmPRORBERbRe e BaCTaREy S sl et L& “Use of
ransi stors greater.in 5 de. i Lo f

the main ci ot t T SRt OBRaRS) SO r g Mo SPrandi ot oes ai Ph o Seatt ¢

thin- filmgate {psulatige;bhl a9l adeer sasagpaate keakageri sypes of

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 circﬁit 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. 'Usihg MOS .transistors with a specific thin-
film gate insulation film of decreased gate leakage is

25 another example.



25 anot her exanple. 53 Further, as per the embodiments shown in Figs. 5-9
the description is not specifically directed to how the substrate 1
el ectrodes of MOS transistors are to be arranged; this is based on the
fact that this 5 invention is conpleted regardl ess-of whether such
connections are configured in practical use. For instance, it may be
arranged so that the substrate -electrades of p-type MOXS transistors are
coupled to the first power supply Vdd whereas those of n-type MOXS 10
transistors are to the second power supply Vss. Alternatively, in the
enbodi ment of Fig. 5, the substrate electrode of the thin-film MXS
transistor TPl may be coupled to the voltage Vcdl whereas that of

thin-filmtransistor TN1L is to Vcsl. In this case and 15 ordinary or
standard cell (s) of CMOS inverter mnth the S bstrate electroqg elgg
coupl ed to the power E3usHey. ﬁﬁyFEE' X o i extT &

nodi fi cati ons. The sem conduct te t d
manuf act ured by tHE F&ﬁFF&EFFB%rééﬂ r%ﬁéﬁﬁg gh‘ qg%%%ﬁﬁ%ﬁffﬁ%ow h
Figs. 1.and 2is a%g%glt%aft%r eﬂ%%tg\gdfg%r B MU (Harftlils s @riWd be

configurations of thr er t he enbodi nents of Figs. 5-9

w il offer more %ﬂ%%%@%%glt%S§U|%SHaseEhQ%1Q§EJtht that this
5 invention is completed regardless of whether such
connections are configﬁred in ﬁractical 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 beiag 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 freguency. The



25 circuitry inherently less in operation frequency. The 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 nenory 5
circuitry. Typically, single-port nenory circuitry conmes with nmultiple
wor d- decoder/driver circuits correspo ‘%gg in nunber to word lines, only
one of which is rendered active at at while rendering inactive the
remai ni ng, increased nunber of word 10 decoder/driver circuits, which in
turn results in an increase in power dissipation due to constant current
flowif gate | eakage is available. Even if this is the case, use of the
af oresai d enbodi nent may enabl e power dissipation to decrease in such

mul tiple inactive 15 word-decoder/driver circuits. Figs. 12 to 19,sho%

ot her exanpl es otetrhe "thrieckentyl"mapOs sedamsizstiay Gef3rs ith Tt F&F P
reducing current |eakage during standby periods in circuitr i ncl udi ng

t herein thin-fiInphtstﬁwan9KsF@K§lVPT-Fﬁ@lqg§zﬁﬂjkﬁﬁpeﬁ@fl*%§§f 12 and 13
are exanples in the case where an input I N and output QUT.are identical in
logic level to daBRCSENE’ BEELMGSsHHFARPHMBLS ﬁ%éaifg.bbg,if

5 SRET S Fhowh T
't I's known thatexample is a word-decoder/driver circuit of memory
5 circuitry. Typically, single-port memory circuitry
comes with multiple word-decoder/driver circuits
corresponding in number to word lines, only one of
which is rendered active at a time while rendering
ina;tive the remaining, increased number of word-
i0 ' decoder/driver circuits, which in turn resglts 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.

~—

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

20 and TN1-TN4.

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

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

25 IN=0OUT="H" during standby periods then one switch MN1l



25 I N=QUT="H"' during standby periods then one switch MN1 55 nmay be
inserted at a node on the Vss side only, with no switch used on the Vvdd
side. As shown in Fig. 13, if it is true that I N=QUT="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 level hold circuit LHL is
provided for holding the potential |evels of an output during standby.
Figs. 14--17 are exanples of the case where the 10 input IN and output OUT
are different in logic level fromeach other during standby periods. As
shown in Fig. 14, where IN and OQUT differ in logic |level fromeach other
during standby periods, a switch'is inserted at either IN or QUT in order
to 15 elimnate occurrence of Ieakage bet ween I N and OUT. | N="H' and

QUT="L" then insert jt at Vss and Vvdd_and

switch MNL is at™@¥s ﬁhFPéer§ﬁFt€ﬁe§ N@g ﬁﬁ4tgFeva Eﬁ$ PHIE|QWl%§ t he
swtches are inserted.no Ss ut at vdd and IN (as shown by
MP1, MPS, M\5). nPn58é§8g e’ §%| gﬁgchd?s/are inserted at an out put

node OUT required to,of fer |n re ad 51eVisNg ki e tOrTN=0UT="L"
"drivability," the efanp E %%EP g% 1nge ﬁbre preferable in practica

use because of during standby then one switch MP1l may be inserted
5 .only at a node on the Vdd side with no switch used on
the Vss side. Here, the level hold circuit LH1 is
provided for holding the potential level of an output
during standby.
-Figs. 14-17 are examples of the case where the
10 input IN and output OUT are different in logic level
from each other during standby periods.
As shown in Fig. 14, where IN and OUT differ in
logic level from each other during standby periods, a
switch is inserted at either IN or OUT in order to
15 eliminate occurrence of leakage between IN and OUT. If
IN= "H" and OUT="L" theﬁ.insert it at Vss and OUT, or
at vdd and IN. In Fig. 14 a switch MN1 is at Vss while
switches MP4, MN4 are at OUT.
In Fig. 15 the switches are inserted not at Vss
20 and OUT but at vdd and IN (as shown by MP1l, MP5, 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 praﬁtical use because of

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



25 the necessity of constituting such swtch(es) by use 56 of a MOS -
transistor(s) of increased gate width, which 1is generally considered
undesirable. As shown in Fig. 16, where IN and OQUT differ in |logic |evel
from each other during standby periods, a 5 switch(es) is/are inserted at
IN or at QUT in order to prevent current |eakage therebetween. Wiere | N="L"
and OQUT="H " insert a switch MP1 at Vdwb and switches MP4, MW at QUT. In
Fig. -17, switches are inserted not at vdd and 10 QUT but at Vss and IN
(as shown by MN1, MP5, MN\5). Practically, the exanple of Fig. 17 will be
nore preferable because it is generally undesirable to insert swtches at
the output node OUT required to offer increased load drivability. 15 Fig.
18 is an exanpl e adaptable where the logic |evel of nodes IN, OQUT is kept

unknown during :/h ngb)qogo%rgagl%s\gyg\}%dl NEOUR dreddde® gdte Wil c,asehich
switches MP1, are 1nserted at Vdd and Vss respectively. No swtches

are required at LN atheddii1,2Q 0 ack®showresi fdbildier exanpl e adaptabl e
for use in receiving a plurality of input signals (IN1, IN2). During

st andby, INL="H' and A\Zs¥Adks"in ;Fiences, avheme t T &Rl 0UT adifflelr wirer eas
switches MP5, M\5 are at | N1.
logic level from each other during standby periods, a
5 switch(es) is/are inse;ted at IN or at OUT in order to
prevent current leakage therebetween. Where IN="L" and
OUT="H," insert a sQitch MPlvat vdd and switches MP4,
MN4 at OUT.
" In Fig. 17, switches are inserted not at Vdd and
i0 OUT but at Vss and IN (as shown by MN1, MP5, MNS).
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
léGel of nodes IN, OUT is kept unknown during standby.
periods while IN=OUT is true; in this case, switches
MP1, MN1 are inserted at Vdd and Vss respectively. No
switches are required at IN and OUT.

20 Fig. 19 shows a further example adaptable for use
in receiving a plurality of input signals (IN1l, IN2).
During standby, IN1="H" and IN2=0UT="L"; hence, a
éwitch MPl1 is at Vdd whereas switches MP5, MNS are at

IN1.

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



25 As apparent fromthe exanples of Figs. 12-19, the 57 insertion |ocation
of thick-filmMOS transistors for reduction of gate |eakage current is
changeabl e anong practical circuits enployed. Consequently, it is not
necessary to limt to exactly the sane insertion 5 nethod throughout the
entire circuitry; such swtches are insertable at appropriate |locations in
a case-by- case manner anong various fuhétton circuit blocks. Figs. 20 and
21 show ot her exanples of the level hold circuit.LHL. 10 Crcuitry of Fig.
20 enpl oys a series conbination 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 vyet are significantly
greater in tunnel |eakage 15 current than the sanme. - Fig. 21 shows an

exanpl e with the jlnafeeri i a@R aMiodidE tHidel fMomMbd i exhrioi sisera fmocked
inverter. This may inprove the design flexibility as to the transistor
current drivabilideguc2Qdi heduk Nedleigd dhatentn 1decleruyes les amiqtd on
of the enbodinents, no particular limtations are given with regard to the
transi st or threshalattialale cidmichseremplowed | Fonsecmemtddablid tisafiothe
thin-film MOS transistors are of |ow threshold val ue whereas the
necessary to limit to exactly the same insertion
5 method throughout the entire circuitry; such switches
are insertable at appropriate locations in a case-by-
case manner among various function circuit blocks.
Figs. 20 and 21 show other examples of the level
hold circuit. LH1.
10 Circuitry of Fig. 20 employs a series combination
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.
- Fig. 21 shows an example with the latter stage of ' ,
Fig. 20 being modified to use a clocked inverter. This
may improve the design flexibility as to the
transistor current drivability.
20 It should be noted thét in the above description
of the embodiments, no particular limitations are
given with regard to the transistor threshold value;
however, it will be recommendable that the thin-film

MOS transistors are of low threshold value whereas the

25 thick-film ones are higher in threshold value than the



25 thick-filmones are higher in threshold value than the - 58 forner.
When | ow threshol d-value transistors are enployed, what is called the
"subt hreshol d" | eakage current can flow between the source and drain; even
if this is the case, such source-to-drain subthreshold 5 | eakage current
may be interrupted or cut off by use of high threshold value thick-film
MOS transistors as inserted between thg power supplies. Severa

enbodi 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-filmMOS transistors of high threshold
val ue--such as 0.5 volts, which nay render subthreshold current |eakage
negligible--and thin-film MOS transistors of |ow threshold val ue such as

0.1 15 volt, or nore or |ess, of, e le. | houl I b t ed
ghat in the abov§0r63§cri%ﬁ?%nﬂ%fmgﬁﬁeﬁ%%g%?ﬁ%ﬁ?g,gﬁg?%gﬁg gﬁgggﬁch?ig

i scussions are given | regard.to t r.el.ati q f S i t t
the gate nodes ongﬁPﬁg r|Wgﬁ%51§o°FE§ﬁ9i§§8rsg€§Fgﬁ§%%%%%? &%%F?%%g atche

gates of thiCk'fhkg%ﬁggcgﬁagi%ﬁtBE%weEB el e anel (BGline evled Ggsi gn

so that the inpuf v €s a e thick-film M transistor gates are
higher than the pput;sveheaggseat shbe LBuRcE-t®-Wrans sudtrgrisesldThe

t hi ck

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

10 circuit configuration basically employing therein a
combination of thick-film MOS transistors of high
threshold value--such as 0.5 volts, which may render
subthreshold current leakage negligible--and thin-film
MOS transistérs 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'gaté 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 transistdr gates are higher than the input

voltages at the thin-film transistor gates. The thick-

25 film MOS transistors are increased in gate insulation



25 film MOS transistors are increased in gate insulation 59 filmthickness
permtting application of higher voltages thereto as conpared with
thin-filmMOS transistors whereby current drivability of thick-film MOS
transi stors may increase accordingly. In the 5 enbodinents of Figs. 5
through 21, this can be attained by increasing the anplitude of signals CS
and /CS. In such case the thick:filmMJd transistors are to be greater in
gate length than the thin-film MO transistors. This serves to increase
the threshold 10 value of thick-filmMOS transistors while simultaneously
enhancing device reliability of high- voltage operable thick-film MOS
transistors. In sonme enbodinents of Fig. 22 and. its succeeding figures of
the drawing, there will be shown circuit 15 configurations basically
arranged to apply.a high . voltage of 3.3 valts.to t.hick-fil. '

transi stors mhi%éiﬁpﬁgﬁFﬁﬁeéslgﬁrvél age€ &P ﬁ?%ﬁﬁ%ﬂ;%ﬁ)qﬁgﬂgﬁi | m MOS
transi stors, by way. of ex | e, Sever f exﬁggg_ : jcconduct or 20
i nt egrated circuVP¥889F8e§g§%6F8y§ﬁgC?hﬁg%ggﬁéﬁﬁ?bs 0 q?ﬁg§ggggent

o o e dESIChed DRCetecyessn d abiyi il e
invention. In thﬁoéok&QWEEQtEEQUh%§ QR & aWiddtdingly. In the

5 embodiments of Figs. 5 through_21, this can be
attained by increasing the ampiitude of signals CS and
/CS. 1In such case‘the thick-film MOS transistors are
to be greater in gate length than the thin-film MOS
transistors. This serves to increase the threshold

10 value of thick-film MOS transistors while
simuitaneously 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 presenﬁ inventioﬁ will be described hereafter.
See Fig. 22, which is a block diagram of a

_semiconductor integrated circuit device embodying the
invention. 1In the followipg figures of the drawing,

25 different kinds of lines are used for clarity



25 different kinds of lines are used for clarity 60 purposes:-Solid |ines
are used to indicate circuit blocks nostly including thin-film MOS
transistors in light of the area ratio; broken or dotted lines are to
circuit blocks mainly enploying thick-filmMXS 5 transistors; and,
solid-and-dotted line pairs are to circuit blocks each using both
thin-filmand thick- filmtransistors_tigrein. A main circuit 2201
including a CPU core receives input signals and issues output signals via
an 10 input/output (I1/0O circuit 2202. The main circuit 2201 al so accesses
a menory cell array 2205 (DRAM for exanple) via a nenory-direct

peripheral circuit 2204 to receive fromand transmt signals toit. A
standby control circuit (power-supply control circuit) 2206 is 15 provided

for control of selective feed of a. power supply_voltage tp-film
MOS transistors wﬁ¥¥ﬁ?ﬁe?éé%%%%?vgiﬁﬁﬂu?ﬁg Hgg?yﬁﬂeﬁn§g8%§% %§ﬁ%ggply,
internal signals o em conductor jntegrated cikcui deyi di §f erent
in anplitude froﬁ?i%égi Tﬁﬁgf elaﬁi?%%n? %gl%aﬁ%gﬂsg?é ?%?ﬁgﬁﬁﬁggfg%§|

anpl itude differenge. 8eleNelafOLVELERD, ChEGRER bP BSctakelindesatebed is
provi ded for conversion of potentra evel therebetween. In Fig. 22 the
menory cel | arrayc?@@éiésblocks mainly employing thick-£ilm MOS
5 transistors; and, solid-and-dotted line pairs are to
circuit blocks each using both thin-film and thick-
film transistors therein. )
A main circuit 2201 including a CPU core receives
inpﬁt signals and issues output signals via an
10 . input/output (I/O) circuit 2202. The main circuit 2201
also accesses a memory cell array 2205 (DRAM,_for
example) via a memory-direct peripheral circuit 2204
to receive from and ﬁransmit signals to it. A standby
control circuit (power-supply control circuit) 2206 is
15 provided for control of selective feed of a power
suiply 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



25 configured using selected kind of MOS transistors 61 negligible in
anount of tunnel |eakage current (thick- filmMOS transistors). The gate
insulation filmof such transistors may be an oxide filmwhich is as
thick as 5 to 10 nm by way of exanple. 5 The main circuit 2201, 1/0O
circuit 2202, nenory- direct peripheral circuit 2204 and standby controller
2206 enploy as their main elenents thipgifi-lmMOS transistors.
Particularly, the main circuit containing therein logic elenents is
increased in ratio of thin 10 film MOS transistors used. As has been fully
discussed in connection with Figs. 5-21, the thin-filmMOXS transistors in
these circuits are arranged suctrthat they are capable of interrupting or
"intercept" the pomer supply by 15 switches in order to reduce current

| eakage during af ;/bp q,g\c,imgrp %,tpe._cgfftu %/Pﬁl&aagéésszeﬁeﬁee (ugedk-for

such power - supply rcept es disena flow of | eakage current

through these s HoP dOESE. POMERS @é&wlmma@ibﬂvr:ﬁm astsi st ors
turn on and 20 wﬁ% selec??ﬁ ilinder?control of the standby controller

2206. This sem conEwCt Lind Nt €8F At REly ChéCaht oflgdeCcEiln whtehngedato enpl oy
thick-filmMOS transistors also for certain transistors (such as those in
/O circuit) thick as 5 to 10 nm, by way of example.
5 The main circuit 2201, I/O0 circuit 2202, memory-
direct peripheral circuit 2204 and standby controller
2206 employ as their main elements thin-film MOS
transistors. Particularly, the main circuit containing
therein logic elements is increaéed in ratio of thin-
10 film MOS transistors used.
As has been fully discussed in connection with
Figs. 5-21, the thin-film MOS transistors in these
circuits are arranged such 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/0 circuit)

25 which directly receive an input of relatively large



25 which directly receive an input of relatively large - 62 signal
anplitude fromthe exterior of the IC chip, other than the thick-film MOS
transistors for use with the power supply switches. This is because of the
fact that higher gate-w thstanding voltage MOS transistors 5 are required
for the I/Ocircuit to which significant anplitude of signals are input,
and that thick-film MOS transistors_agg typically greater in gate voltage
breakdown | evel. The thick-film MOS transistors for gate | eakage reduction
inthe thin-filmMOS 10 transistors as discussed previously with reference
to Figs. 5-21 may be enpl oyed as the high voltage MOS transistors for use
wth the I/Ocircuit. It is possible to reduce process conplexity by using
the thick-filmMOS transistors for the both MOS 15 transistors The nenory

cell array 2205 includes rows and_ colums of nenory_cells uired to
continue ~storingleRth ﬂm??hﬁugﬁaﬁHBV b FlSﬁEer&ﬂFcﬁfagé 5 é?ﬂ

Lhi ck-fi | m MO trﬁ,‘%%grgﬁg LaLoLe s 9ot yaaet 20, L grkage cour [e0tws e

Enpl oyi ng thick-? €se nenory ceI s m ght cause

the operation sp gwegegr » QR ERsOt hey; and, i biSsenapl ese resel t ant
circuit to be free f? %émgr ngSlpatlon I ncrease problemdue to gate
current leakage’tﬁgg'ﬁgghér gate-withstanding voltage MOS transistors

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

10 transistors as discussed previously with reference to
Figs. 5-21 may be empléyed as ‘the high voltage MOS
transistors for use with the I/0 circuit. It is
possible to reduce process complexity by using the
thick-film MOS transistors for the both MOS

15 transistors.

) The memory cell arfay 2205 includes rows and
columns of memory cells as required to continue
storing data during standby periods, which are formed
of thick—film MOS transistors negligible in tunnel

20 leakage current. Employing thick-film MOS transistors
for these memory cells might cause the operation speed
to decrease; on the other hand, this enables resultant
circuit to be free from the power dissipation increase

problem due to gate current leakage, making it

25 possible to continuously transfer power supply



25 possible to continuously transfer power supply 63 voltages to the
menory cells even during standby. Conversely, thin-film MOS transistors
are used for certain nenmory cells that are not required to retain
information therein during standby periods. During 5 standby, information
stored in nenory cells will disappear; however, it is possible by
interrupting transfer of the power suggly voltage to the menory to
elimnate an increase in power dissipation due to gate |eakage. Also, in
cases where the nenory is less in 10 data storage capacity so that
continuous power feed results in a nere negligible increase in

gat-e-| eakage power dissipation, the menmory cell may simlarly be forned
of thin-film MOS transistors. For exanple, register files are inherently

small in capacity 15 rendering r | t ant Kk i2gi i
B;aptrgﬁl senSﬁfVQ%&¥Q@§ ?%e%geagégﬂﬁﬁchLg%rgg%PCa%£$gée$gg#g%&ngehh the
sirably, such nenory is fo d of . _thip-fi i
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rabl e at certain ne i i : I t
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5 standby, information stored in memory cells will

disappear; however, it is possible by interrupting
transfer of the power supply voltage to the memory to
eliminate an increase in power dissipation due to gate
leakage. Also, in cases where the memory is less in

10 data storage capacity so that continuous power feed
results in a mere negligible increase in gate-leakage
power dissipation, the memory cell may similarly be
formed of thin-film MOS transistors. For example,
register files are inherently small in capacity

15 rendering resultant leakage current negligible in the
pr;ctical sense; rather, these are more important in
operation speed. Desirably, such memory is formed of
thin-film MOS transistors. In the semiconductor
integrated circuit device of this embodiment, it is

20 preferable that certain memory circuits such as
latches, flipflops, and the like employ thin-film MOS
transistors. On the other hand, high-voltage/low-speed
circuits which are driven with high voltages -and are
“not required to attain rapid responsibility, such as

25 the power supply control switches stated supra, for



25 the power supply control switches stated supra, for 64 exanple, are
preferably formed of thick-filmMXS transistors. In the exanple of Fig.
22, the ICchip is driven wusing at |east two kinds of power supply

vol t ages Vccl

5 Vcc2, where Vcc2 is higher than Vccl.- The thick-film MOS

transistors are to be driven by power supply voltage Vcc2 of increased
current supplying ability whereas the ghin-filmMOS transistors are by
can be readily seen by those skilled in-the 10 sem conductor art
that while the foll owi ng enbodi nents assunes use of Vccl of 1.5 volts and
Vcc2 of 3.3 volts, such potential values may freely be nodified insofar
as they satisfy the relation of Vcc2 > Vccl. Wth the sem conduct or

integrated circuit device 15 of Fig. 22, high speed operation is
expect abl e since

Vcel . It

units therein.

A

thin-filmMOS transistaors ar ed fqr nost the major
W&@nd@é@opq%ﬁyecfoﬁ“} iclufs-.atg?/’icg(e'fraglols% IV{Hesrrbodyi ng

the invention is showy in Fig. 23. This 20 device is basically fornmed of a
main circuit 230FTARSASHOTS Togic circuits and the like, 1./0 circuit

2302, and standby cont r Ihecié)g%é%%gpojf).ﬁlé; tdy s rgxafPl ehipei y okt age, Vec2

of 3.3 volts as extertal y~ sup

reducti on

10

15

20

25

hereto 1's passed to ‘a potenti al
using at least two kinds of power supply voltages Vccl,

Vcc2, where Vecc2 is higher than Vecl. The thick-£film
MOS -transistors are to be driven by power supply
voitage Vcc2 of increased current supplying ability
whereas the thin-film MOS transistors are by Vccl. It
can be readily seen by those skilled in the
semiconductor art that while the following embodiments
assumes use of Vccl of 1.5 volts and Vec2 of 3.3 volts,
such potential values may freely be modified insofar
as they satisfy the relation of Vcc2 > Veccl.

With thé semiconductor integrated circuit device
of Fig. 22, high speed operation is expectable since
thin—film MOS transistors are used for most of the
major units therein.

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

circuit 2304, which causes voltage Vcc2 to drop down



25 circuit 2304, which causes voltage Vcc2 to drop down 65 at 1.5 volts to
provi de internal power supply voltage Vccl. Potential reduction circuit.
2304 may be on the same chip substrate together with the main circuit and
others; or alternatively, it may be formed on a 5 separate chip. Min
circuit 2301 is nostly constituted fromthin-filmMOS transistors to speed
up its operation. Potential reductiaonggircuit 2304 mainly consists of
thick-filmMOS transistors. 1/0 2302 and standby controller 2303 include a
combi nation or 10 "hybrid" of thin-filmand thick-filmMOS transistors
therein. In these circuits the thin-filmMOS transistors are driven wth
Vccl whereas thick-film ones are wth Vcc2. Standby controller 2303

operates to turn off an output of potential reduction circuit 15 2304
during standby periods in order to reduce

L??Eagf.Zgggt{oI¢ﬁrl2@08°1EFs%ocaﬁggédﬁnlﬁgg%gélfg%ﬁ?%f%ﬁégggdyg%égggﬁ;{ﬁnt
ul o change "Lt : i ; : : .
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due to tunnel-cu??@ﬁté ﬁéL%§§%£5§§g;ﬁgégtﬁ%5ahﬁf§eg§§hHgiafﬁgggugt?FFggt:gn
the art, where the, thingfilm M £5503,St Q&S make peOWorfiekihbasiol d val ue,
5 separate chip. Main circuit 2301 is mostly constituted
from thin-film MOS trahsistoré‘to speed up its
operation. Potential reduction_ciréuit 2304 mainly
consists of thick-film MOS transistors. I/0 2302 and
staﬁdby controller 2303 include a combination or
10 "hybrid" of thin-film and thick-film MOS transistors
therein. In these circuits the thin-film MOS
transistors are driven with Vccl whereas thick-film
ones are with 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 leakage. Controller 2303
also causes an output from I/O 2302 toward main
circuit 2301 to change at "L" level. When an input to
main circuit 2301 is at "L" 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 transistofs are low in threshold value,

25 resultant power dissipation due to flow of



25 resul tant power dissipation due to flow of 66 subthreshol d | eakage
current will be reduced accordingly. A further enbodinent is shown in Fig.
24, wherein |like reference nunerals are used to designate like 5 parts in
the enbodi nent of Fig. 23. In this enbodinment two kinds of power supplies
Vccl, Vcc2 are externally fed to the IC chip; Vccl is supplied to main
circuit 2301 and others via a switch 2404 as forned of a thick-film PMOS
transi stor. During standby periods, 10 standby controller 2303 causes
swtch 2404 to turn off interrupting feed of power supply Vccl. Like the
enbodi mrent of Fig. 23,-the output of 1/0 2302 to main circuit 2301 is
forced to change at "L" level. Switch 2404 nay be on the sane chip al ong
with main circuits 15 2301 and others, or alternatively may be a discrete

power MOS ”ans'é&ﬂéhfééﬁéﬂal | Yarhsedctiorbhe whip. beHeeaucewi tch 2404 is a
thick-filmMOS transistor. Ina simlar way to that of the Fig. 23

enbodi ment, wheng@fordimyiyto main circuit 2301 potentially changes at "L"
20 while the power supply fed thereto is at 0 volts, internal major nodes
of main circuit 230laafarahetl mbbddm&nhglpowbpwnlsgl§a9|0ﬁ4du@h@€eﬂ@nne
current | eakage. A sem conductor integrated circuit device

like reference numerals are used to designate like

5 parts in the embodiment of Fig. 23. In this embodiment

two kinds of power supplies Vccl, Vcc2 are externally

fed to the IC chip; Vccl is supplied to main circuit

2301 and others via a switch 2404 as formed of a

thicdk-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 eiEernaily wired to the chip.

Here, switch 2404 is a thick-film MOS transistor. 1In a
similar way to that of the Eig. 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



25 enbodying the invention is shown in Fig. 25, which is 67 similar to
that of Fig. 23 wth a specific circuit being built therein for
conpensating for any possible variation in operation speed of the nain
circuit. In this drawing also, |ike parts have the sane reference 5
nunerals. In this enbodinment the main circuit 2501 conmes with a delay
monitor circuit. MONL. Delay nonitor _ciggcuit MONL is for nonitoring in
principle a delay tinme of logic circuits within main circuit 2501
Accordingly, delay nonitor circuit MONL is formed 10 using thin-film MOS
transi stors which are the same as those of main circuit 2501. Del ay
nmonitor circuit MONL may be a ring oscillator, by way of exanple. A
potential reduction circuit 2504 is provided for receiving voltage Vcc2 to
issue a potentially 15 decreased voltage_Vccl, and is res onsive.go recei pt
of a signal fron$tm#h@rn§%iFb@tcP?cEFQ-N%lethnﬁiﬁpeEFﬁﬁgiflfgbi, f or
controlling the value of voltage ,Vcegl in such a _wa s_t (o] for
devi ati ons of d%?b&gtbﬁéleth%ﬁ?éncg?fuF?@pﬁﬂféﬁlgéngPFtg g ﬁ§?%§§%g
circuit 2501 due to,enyvironmental variation o S.as:nvakibatken i

process par anet eY28u¢Fhght He ﬁﬁﬁﬁ?gé?ﬂrﬁp88§ %gigygiggﬁpteékg%%?étégé
and/or in anbi enghigegyg{v%ﬁre g% Jhig; yp?Ft%te hlakf@a%% B¥museegbrphase-

| ocked | oop (PLL) SChenes™ o which w ater

5 numerals. In this embodiment the main circuit 2501
comes with a delay monitor circuit MONL1. 'Delay monitor
circuit MON1 is for monitoring in principle a delay
time of logic circﬁits within main circuit 2501.
Accérdingly,.delay monitor circuit MON1 is formed

10 using thin-film MOS transistors which are the same as
those of main circuit 2501. Delay monitor circuit MON1
may be a ring oscillator, by way of example. A
potential reduction circuit 2504 is provided for
receiving voltage Vcc2 to issue a poteﬁtially

15 . decreased voltage Vccl, and is responsive to receipt
of-é signal from delayiaonitor circuit MON1 in main
circuit 2501, for controlling the wvalue of voltage
Veel in such a way as to compensate for deviations of
delay time of logic circuits which constitute main

20 circuit 2501 due to environmental variations such as a
variation in process parameter during the manufacture
of maih—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



25 described in connection with Fig. 28. By way of - 68 exanple, suppose
that the tenperature rises increasing the delay tinme of logic circuits
constituting main circuit 2501. If this is the case, potential reduction
circuit 2504 attenpts to potentially increase its 5 output voltage Vccl.
Conversely, if tenperature drops decreasing the delay tinme of the logic
circuits of main circuit 2501, then_pggential reduction circuit 2504
forces output Vccl to decrease in potential. Wiereby, the logic circuits
forming main circuit 2501 10 may be kept constant in delay tine throughout
operation. A sem conductor integrated circuit device further enbodying the
invention is shown in-Fig. 26. Wiile in Fig. 25 the nonitor circuit MONL
is provided to 15 nonitor delay time of the logic circuits constituting
the main circuit, this enbodinent js aryanged so_that tQSSC935985§E£ tics
of MOS transi st op%a®Ple ogF ePRPFRUFRREWAPEN“EBRSFPLULE THh&“Rmin crrcuit ar
measured during the reliability te t _procedure. in %Hg : Q- pgubachure of IC
chips while al | oWrfigdfedYl tHRE VEE%BFnFﬁfﬁﬁ%F%nc 0 Bé-storgd in a menory
unit 2605.  Upon receiptooha contiol. signale i ssted fsamiiis rédevisen
info" menory 260%}r%9b§t%§ }al%ﬁgdgg ?o% Circlit 2604 operates to
determ ne an exag£r¥§£9e2964 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 Vccl 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 inFig. 26. While in
Fig. 25 the monitor circuit MON1 is provided to
15 monitor delay time of the logic circuits constituting
th; main circuit, thisyémbodiment is arranged so that
the characteristics of MOS transistors or logic
circuits which constitute the main circuit are
measured during the reliability test procedure in the
20 manufacture of IC chips while allowing resultant
device information to be-stored in a memory unit 2605.
Upon receipt of a control signal issued from this
"device info" memory 2605, a potential reduction

circuit 2604 operates to determine an exact value of

25 voltage Vccl. By way of example, imagine that the



25 vol tage Vccl. By way of exanple, inmagine that the 69 transistors
constituting main circuit 2301 under nmanufacture are greater in threshold
val ue than expected by circuit design. If this is the case, store such
data in nenory 2605 so as to cause potential 5 reduction circuit 2604 to
generate and issue a nodified or "updated" value of voltage Vccl which is
greater than the initially designed valuge.  Alternatively, where the chip
reliability test result reveals the fact that the threshold val ue of the
10 transistors formng the main circuit, store corresponding data in
menory 2605 causing potential reduction circuit 2604 to generate and issue
anot her updated value of voltage Vccl which is below the initial design
value. Wth such a schene enployed, it 15 is possible to conpensate for
fabrication deviations. Additionally, the device information o be stored
in menory 2605 nenanisd sooarss it ithiteigie Ime bl ety ot St at ur at i on
current value, or any other equival ent paraneters thereof iéﬁlreflect
the del ay 20 ti mmaslifaesUnsyiar ¢ iFRATY ThStHHeRIMS (e Hai fotireui t .
Al so, as for the storage nethod therepf,. any cheme he loyed., Qe
recommendabl e si FHTREC t&H Ry & e ‘?%sjagg’f oIIISfo :lsaq%yetthod%rc%%eéhangi ng
the value Of. a I’s(ﬂcc [ € aCtea Vior|1 trr?quoé/yr qG@sf &b pé)é & '@Ause potential
5 reduction circuit 2604 to generate and issue a
modified or "updated" value of voltage Vcel which is
greater than the initially designed value.
Alternatively, where the chip reliability test result
revéals the fact that the threshold value of the
10 transistors forming the main circuit, store
corresponding data in memory 2605 causing potential
reduction circuit 2604 to generate and issue another
updated value of voltage Vccl which is below the
initial design value. With such a scheme employed, it
15 is possible to compensate for fabrication deviations.
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



25 reduction circuit shown in Fig. 27 by physical nethods 70 wusing the FIB
processing for cutting away a fuse (alumnumwring |ead) by an ion beam
-While the method of Fig. 25 may conpensate for environnental variations
such as the process 5 parameters in the manufacture of main-circuit
transistors, anbient tenperatures and others, the nethod of Fig. 26 may

of fer capability of conpensating for tRe_process paraneters in the

manuf acture of main- circuit transistors only. Instead, the latter is nore
10 advantageous than the former in that any area overheads can. be
suppressed or minimzed wth sinple architecture used. O her approaches
other than those of Figs. 25 and 26 may be still available for
conpensating for 15 environnental variations such as the process

paranmeters in the manufacture of main-circguit ansi st ors Hgient

t enper at ures andusthershe Wit BhPr appFdatfe °5r8ugF§BngVﬁ¥natge Scope of the

ot enti al  reduct FSRETRER! €LY 0Pt LGEAY 1 Rt 8F) 9905 SF Fig. 23 for
conver . . .
conver o o1 of, 190 YB3 Yo skobol il 38 e spsiud o, 27,
environmertal 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
.architectufe used.
Other apprdaches other than those of Figs. 25 and
26 may be still available for compensating for
15 environmentgl variations such as the process
pagameters in the manufécture 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 Vccllis shown in Fig. 27. This voltage limiter

2304 is controlled in responding to a control signal

25 fed from the standby cbntroller 2303, for turning on



25 fed fromthe standby controller 2303, for turning on 71 and off
transfer of voltage Vccl. This voltage limter handles relatively high

vol tages, and therefore is principally fornmed-of thick-film MOS
transistors. Note however that it remains permssible for a phase 5
conpensati on capacitor CC to exhibit current | eakage which is as |less as
several mcroanperes (A). Enploying tgin:filn1NCS transi stors enabl es
resultant «circuitry to decrease in Ehi& area. In particular, capacitor CC
typically ranges fromseveral hundreds 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 A, even
when such | eakage 15 arises, MOS transistors each having a_thick gate
insulation filmany befenphngédrspficeolbiagecVcsdi-t T VALEePS HEPIEET a
vol tage dividing resistor. Fig. 28 depicts _a detailed configurati.on of the
del ay nonitor cihauﬁtewtkﬁlanévséVehﬂgalVPé&G@FFonanfotgFF °F€2864 shown

in Fig. 25. Delay nonitor circuit MONI enploys.a (] oscil.l ator. in i ng
2 chain of CMOSDERUEIPALY FRFECE) PELERIGHIGIOS MAE &5 é‘&lt%?%s/x kbee

]:  equency. phase gggpﬁ{}%ﬁ PhabPr' 2efATRE LI i¥s i 1YY 00 dgeoscl Tl ation

5 compensation capacitor CC to exhibit current leakage
which is as less as several miéroamperes (uA) .
Employing thin-film MOS transistors enables resultant
circuitry to decrease in chip area. In particular,
capécitor CcC typically ranges from several hundreds to

10 thousands of picofarads (pF) in capacitance, which in
turn serves advantageously to reduce the chip area.
Transistors forming a voltage divider circuit DIV1 are
also allowed to exhibit flow of minute leakage current
on the order of several MA; even when such leakage

15 arises, MOS transistors each having a thick gate
in;ulation film may be‘;mployed since this circuit
will merely act as a voltage dividing resistor.

Fig. 28 depicts a detailed configuration of the
delay monitor circuit MON1l and bétential reduction

20 circuit 2504 shown in Fig. 25. Delay monitor circuit
MON1l employs a ring osciilator 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

25 circuit MON1 with a clock signal f1 fed to the main



25 circuit MONL with a clock signal fl fed to the main 72 ci [

driving an associ ated charge-punp circuit CP through Ievelccgﬁegﬁie?QdLEgr
An output of charge punp CP is sent forth through a | owpass filter LPF
to be issued at an output as the reference voltage 5 Vref, based on which
the voltage Vccl will be produced in conformty with a cl ock signal fl
Here, ring oscillator MON1 and conparagor PFD are formed of thin- film MOS
transistors. Charge punp CP enploys thick- filmMOS transistors since it
uses voltage Vcc2 as its 10 power supply. Rendering the mai n circuit
operative in synchronismwth clock signal fl may enable it to operate
with an appropriate power supply voltage as maximally optimzed to the

cl ock frequency thereof. Fig. 29 shows another exenplary configuration of

15 the delay nonitor and potential reductio i i i
circuitry of Figeipouis, sa'fmh’é@riﬁrﬁaépa_gﬁgﬁg!ﬁ'ra‘ggls%?gg%%ﬁﬁ’gé?&g? l.hS 28

with the power supply, Vccl fed to the in_cirecul b
power supply V@g@l@%U%EdCPotPﬁgu88|;?VﬁgﬁFPBVeE?%g%igebgg %%P?%g%290%€?n]a

Vcc3 are inherently identical_in ot ent.j t othepk;
can experience ﬁ¥¥¥%?epﬁ?pnéFsé§ g?%ﬁ]%ﬁgkﬁagﬁ§g??gu%t?brﬁbgﬁﬁggﬁﬁéggth
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5 vref, based on which the voltage Veel will be produced
in conformity with a clock signal f1. Here, ring
oscillator MON1l and comparétor PFD are formed of tbin—
film MOS transistors. Charge pump CP employs thick-
filﬁ MOS transistors since it uses Voltage Vec2 as its
10 power supply. Rendering the main circuit operative in
synchronism with clock signal f1 may enable i; 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 circuitr§-of Fig. 29 is similar in basic
configuration to that of Fig. 28 with the power supply
Veel fed to the main circuit being separated from a
power supply Vcc3 as fed to the delay monitor circuit.
20 Voltages Vccl, Vcc3 are inherently identical in
potential to eéch other; however, Vccl can experience
mixture of noises from the main circuit. In this
respect, in order to suppress adverse influence of the

Vccl noises upon the delay monitor circuit, the power

25 supply Vcec3 for the delay monitor circuit is



25 supply Vcc3 for the delay nonitor circuit is 73 independent from Vccl
thus inproving the nonitoring accuracy. Fig. 30 illustrates an exenplary
configuration of the I/0s 2202, 2302 of Figs. 22-26. This drawing shows 5
one-bit part only. The 1/0O handles in-chip signals and external signals via
an |/Otermnal pad PAD. When SEL is at "L" level, PAD acts as an i nput
termnal; when SEL is at "H " PAD actzas an output termnal. A leve
converter LCl is responsive to receipt of a control 10 signal STB issued
from standby controllers 2206, 2303 (see Figs. 22-26); when STBis at "L"
then converter LCl converts a signal with the anplitude of Vccl into a
signal of an increased anplitudeof Vcc2, which is sent forth from out put
term nal PAD. Accordingly, 15 certain thick-film MOS transistors connected

between |evel converter LCL an 1/0 term nal PAD Oforiddck-film
MOS transi st or s.indemendendi diram PO us Hdmr?%ﬁ'gie&géﬁg%f a pAtHI - up

PMOS transistor in such a way that when pullup is required, the signal 20
potentially fallaEiraqy- | evel permtting execution of pullup operation by

Sing Seansly” aerrodofo (IR iFRL A prpastichet bttt
STB potentially {ﬁéef/éé 558298¥§6f90fe¥§§s. 22-26. This drawing shows
5 one-bit part only. The I/O handles in-chip signals and
external signals via an I/O terminal pad PAD. When SEL
is at "L" level, PAD acts as an input terminal; when
SEL is at "H," PAD acts as an output terminal. A level
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 Vecc2, 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 pétentially 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 LC1l to hold or retain the last potential



25 converter LCl1 to hold or retain the |ast 6tential 74

out put since the on-chip thin-filmMOS trangistors are prgsgﬁlegff?gm
recei ving any power supply voltages due to power supply interception. On
the input side, an inverter consisting of a 5 pair of MOS -
transi stors. 4004P, 4004N receive an externally supplied input signal wth
anplitude of Vcc2 for conversion to_a, i gnal having the anplitude

equi val ent to Vccl. Accordingly, these ?mo transi stors handling such

| evel -converted signal are formed of 10 thick-filmMOS transistors. Durin
standby periods any signal froml/O terminal PAD is cut off by a bNCS ’
EraPS|stor 4015P2 forcing an input signal INto be potentially fixed at

L. Resi stors R1-R2, diodes 4002D1-4002D2, transistor 15 4014N are

connected form ng an input protector circuit Addi ti onal | i
or . I s 4002D1
4002D2 may be f orewesl off a!DSDmt?m@%%Iéﬁ?%.tl‘Fﬁo%%’Wthhgi-g%gsﬁlgﬁcl uded in

this input protector are high-voltage thick-fil | i
31 shows one pra@tamﬁdstﬂﬁﬁi@E?a@¥%%e%?e@hgroﬁegéggﬁ%Féggﬁg&fgggﬁrcgngL?ér

circuit LCL of Fig. 30. Level holder circuit i k
control signal STERBY Yot eaEPaI FYenbP dPRESA ggégéylg?eeégggegﬁgffguzéﬁndby

thereafter, the resuggigﬂeskgggk Egde, an inverter consisting of a

5 pair of MOS transistors 4004P, 4004N receive an
externally supplied input signal with amplitude of
vee2 for conversion to a signal having the amplitude
equivalent to Vccl. Accordingly, these two transistors
hanéling such level-converted signal are formed of

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

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

15 4014N are connected forming an input protector circuit.
Additionally, diodes 4002D1, 4002D2 may be formed of
MOS transistors. Those MOS transistors included in
this input protector are high-voltage thick-£ilm 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
Vecl amplitude; thereafter, the resulting signal 1is

25 converted by level converter 3102 into a signal of



25 converted by |evel converter 3102 into a signal of - 75 Vcc2 anplitude
which is then generated at output OUT. Fig. 32 shows another practical
configuration of the level hold and | evel converter circuit LCL of Fig.
30. In this enbodi ment the standby control signal STB 5 is supplied at a
m dway node between a | evel holder 3201 and |evel converter 3202. Level
hol der 3201 is placed at a |location n the output side as | ooked at
fromconverter 3202, for potentially holding a converted signal with the
Vcc2 anplitude. 10 Upon conparing the enbodi nents of Figs. 31 and 32, it
may be appreciated by experts in the art that these are functionally
identical to each other in performng |I|evel conversion of a smal
anplitude (Vccl) signal into an increased anplitude (Vcc2) signal and in

15 continuing output of the |ast potential value after. signal ST anges
at "H' level. NoNGCHeﬁ@Pﬂh&Fd@h@hMQ9wﬁ§'qh@ﬁnﬁﬁ?%ﬁﬂﬁ%ﬁéﬁégﬁgu?ﬁéﬁmﬁﬂe

exenpl ary cont | gur at Fo o2 PR G RAARTIFT brao ot LT (2be
glrrglsl t 3(§e)2612 r_-cl)-rr1nettf?%I rrjrgﬁwr‘? :: ﬁop%ég%%e\ﬁg%@%%e‘r% é{r?ﬁ_giltan}ﬁlge%nﬁ_eygt@és by
| evel conversion 3N 1 2YeLhed oAHbRYheAtIRAL SBARAL]NeBntirbilkihals stel
5 is supplied at a midway node between a level holder

3201 and level converter 3202. Level holder 3201 is

placed at a location near the output side as looked at

from converter 3202, for potentially holding a

con&erted signal with the Vcc2 amplitude.

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

15 continuing output of the last'potential'value after
siénal STB changes at :ﬁ" level. Note here that the
former is more advantageous then the latter in that
necessary chip area remains less.

Fig. 33 shows one exemplary configuration of the

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

~output signal /STB. This circuitry is not under strict

25 high-speed requirements, and thus is mostly formed of



25 high-speed requirements, and thus is nostly. formed of 76 thick-film
MOS transistors in order to suppress flow of |eakage current, except that
certain portions of it handing signals of Vccl anplitude enploy thin-film
MOS transistors (as enclosed by ellipse tenplates to 5 distinguish them
fromthe others). In light of the fact that an associated circuit for

i ssuing the STEIN signal can also be.imgthe wait or standby state in
response to the STB signal, the circuitry of Fig. 33 prevents-the*STBIN
signal from beconi ng unstable 10 during standby periods by causing
transistors 3301, 3302 to latch the STB output for retainment of its
potential level. A mcroconputer system embodying the invention is shown
in Fig. 34. Due to significance of data storage 15 capacity that

ool ot er 5405 and ity SIS G LR I TS

transistors. If attaini hi gh- d tefiStdLSeais € dAP Ut ant
t han power di ssi ﬁe‘é iqéarn?‘kr (fuccg'{}on then Ef:%e:r"?‘gléf n el erraent sﬁgl}ﬁlder such hi gh

speed requirenmepls Are fOJRA Ofo ¢ Ridk o i ddp MBuad r&nsi&E oftsin P oM diogy a

hi erarchi cal nenory structure. Likewi se, TLBs (included in blocks 3410,
3411) and regi st gy addil8SAd N dY aGksl D bB4db) ipse tanplayteonpsi sed of
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 Figl 34. Due to significance of data storage

15 capacity that accompanies with the gate leakage
perlem, a EOmmand/inSEEuction 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 (includéd in blocks 3410, 3411) and.register
files (in blocks 3405, 3406) are mostly comprised of

25 thin-£film MOS transistors reducing power dissipation



25 thin-film MOS transistors reduci ng power dissipation 77 - therein. The

m cr opr ocessor of F
gener al - purpose reg
arithmetic unit 3407
unit 3409, which are
fact that they are
affection of power d
St andby controller 3
supra. Fig. 35 shows
shown in Fig. 30. In
character. "A" is an

g. 34 also includes instruction issuance unit 3412,

i ster 3405, floating point register 3405, integer 5

, floating point arithmetic unit 3408, and | oad/store
formed of thin-filmMOS transistors in view of the

under hi gh-speed +erui¥enents but negligible in

i ssipation as |long as capacity 10 remains smaller.

413 and 1/0 3414 may be simlar to those di scussed
a cross-sectional device structure of the /O unit
this drawing the part designated by reference
i nput 15 protector circuit whereas part "B" is an |I/0O

circuit, which égntaLns therein a | evel converter circuit. An n-type

silicon substrat
an el enent separatio
20 | ayers 4010P1, 40

Eﬁ@énhas_a p-type well 4007P and n-type well 4007N with

rand SAIORANN eling, 1y degh Lheieameuguy | ty- doped

10N1 are provided as the source and

drain regions of jaBciRYl oA Alehined WM BANS HededNCBurgRkand R2 are

resistive elenents;

4004P1, 4004P2, 4000N2, 4000P2, 4004Nl and 4004N2 are

the source and draigisteg 8a959f fleddling 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

10

15

20

25

they are under high-speed requirements but negligible
in affection of powef dissipation as long as capacity
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 fA" is an input
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
layers 4010P1, 4009P1, 4009P, 4010N1 are provided as
the source and drain regions of an input protection
MOS transistor pMOSL. R1l and R2 are resistive
elements; 4004P1, 4004P2, 4000N2, 4000P2, 4004N1l and
4004N2 are the source and drain regions of level

conversion MOS transistors; 4004N4, 4004P4 are the



25 conversion MOS transistors. 4004N4, 4004P4 are the 78 gate el ectrodes
of MOS transistors 4004P, 4004N. 4004N3, 4004P3 are the gate insulation
films of MOS transistors 4004P, 4004N. A wire lead 4013 is for supplying
t he power supply through contact hole 4012. 5 Here, the | evel converter in
the I/Ocircuit area enploys thick-filmMOS transistors 4004P3, 4004N3.
The remaining arrangenent is simlar-tpgthat showmm in Fig. 4. Figs. 36

t hrough 42 show sone exenplary 10 configurations of a mask ROM Typi cal ly,
mask ROVE 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 bl ock diagram of a NOR type nask ROV

whi ch enpl oys the diff r}'chf‘ééer £ RESET '&gstsocg]&emﬁ wWoi ¢h decoder 3604

i s connected to%Feceis row addresses an sets of 20 col um

addr esses (where /NaRg M4%roqlpgr edef ﬁr}% gdt 698N SladiUn &l 86d |9 Miis @

si ngl e address (wnth one nmenory cel s aunit A word driver 3602 is

responsi ve to an Quiuts fy soich atecrtRiad604 (ke ded giBhesmEsRry cel |
with selected address. Note

supplying the power supply through contact hole 4012.

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

- 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



25 that since nenory cells here are fornmed of thick-film79 MOS
transistors as will be |ater described, the word |ine anplitude is set at
a higher potential (Vcc2). Accordingly, word driver 3602 enpl oys
thick-filmMOS. transistors applied with the voltage of an increased 5
anplitude while causing address signals of decreased potential anplitude
(Vecl) as normally fed froman associajgve CPU to be coupled to word
driver 3602 after conversion of such Vccl signals into Vcc2 _signals at
the |l evel converter. Wrd decoder 3604 10 handling small-anplitude signals
enploys thin-filmMXS transistors. A nenory cell array 3601 includes a
predefined nunber of rows and cof'ums of nenory cells enploying thick-film
MOS transi stors because of the fact that if otherw se these cells were

formed of 15 thin-filmtransistors then unwanted | eakage current could
flow via associ atO§ kSe@siisteLs \ﬁf'?el"‘éﬁa} ﬁ%ﬁd er afﬁ"[ﬁﬁf’tgl ?éj’sutc T Iweoarlfi;ge
current may be def.ined-by . th nunber_ of_cel.l.s .operat,ively. Aas iated with
one bit Iine rruﬁ‘tlinﬁl P&Eﬁt}f“&ﬁ &9 &8&gE caur}}l&rfeorgé?o%%ﬁ%/a%sépé of
thick-filmtransistors .for cel]l I | ys; @ssoCiAtMes W t h
on bit line to iﬁff@ggéWQ%y’nﬁ’%gf,I%ﬁ%%%hﬁﬁﬂ?3$ﬁ¥ggﬁﬁits enhancenent of
advant ages of th%faﬁ%ﬁ%@o% W @y eask ivodalde St MRgmeARadd Y of

menory array 360 menory array

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 éf thick-film transistors for cells allows the memory
cells associated with on bit line to increase in
numbef, which in turn permits enhancement of
advantages of the invention with an increase in data
storage capacity of memory array 3601. If memory array

25 3601 were arranged using thin-film transistors then



25 3601 were arranged using thin-filmtransistors then 80 non-selected
cells could cause flow of | eakage current adversely behaving to inpose
noi se m xture on bit lines, which results in a decrease in signal-to-noise
(S/IN) ratio while increasing the risk of occurrence of 5 malfunction. A
| evel converter 3603, sense anplifier 3605 and standby- controller 3606
may contain both thin-filmand thick-filmMXS transistors. In the mask ROM
of Fig. 36, certain nmenory cell MVNOO Por storage of a logic "1" data bit
cones with 10 no transistors. In other words, the "1" storage cell does
not have any diffusion |ayer. \Wen one word line W2 goes high ("H') in
potential, its associated cell MW11lturns on causing bit line BL1-to drop
down at "L" level. In this situation the data 110" storage cell 15 MWI11
constitutes,a transistor which will not go |low _even when word |ine W1
goes high. Fig. & séevecaediCReibskcROMerpresi Agorheti bRakRHfI GHFREREN
programm ng schene. This nmask-ROMis simlar to that of FigH 36 with the

i on.

: t
menory cel | arr a3dverselvigPenayhbgy tRodPPPER PRLEENPHELFEE & occasi ons

there vor i nes, YEI, V2 PRt enti gLy 1oagb,chle s hUcgAmoll sgpiol o
MES transistor.(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
MMNOO 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
MMN11l. turns on causing bit line BLl1 to drop down at
"IL,* level. 1In this situation the data "0" storage cell
15 MMN11l constitutes.a transistor which will not go low
evén 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



25 Fig. 38 is a cross-sectional view of one nenory 81 cell of Fig. 37.
"The logic level of stored data is determned by verifying whether a
corresponding MOS transistors turns on or off when its associated word
line is selected. The word line is equivalent in 5 potential to an output
signal of word driver 3602; hence, it is Vcc2 (>Vccl) in this case.
Accordingly, the term nology "high thrgshold value Vth" refers to Vth >
Vec2. In the case of low Vth, the relation Vth < Vcc2 is established since
it is sufficient for MXS 10 transistor to turn on. In this embodiment a
diffusion layer for reduction of Vth is provided beneath the gate
insulation filmof a MOS transistor coupled to word line W1. Fig. 39
shows a NOR nask- ROM enpl oyi ng the 15 contact-hol e progranm ng schene Thi s

ROMis simlar tothat of, Fi t he el Lr

sl i glht ly modifiedeild @dcnﬁl@ur |onT¥¥F/L‘g°9F8n VFCl)r {ot ﬁl%ﬁ%fda R 2 a re of
simlar arrangenent but. of. differe t nga&ﬁ ls th
"H' 20 and "L" R TR ﬁgﬁgtyﬁg %ﬁ#t%]f%g:kéﬁaés conrir?e)ﬁde% tso blet

of oo ar oy ot “BAIUE R RERPH U eiin bR Mleimca e el |
not connect ed tOﬂTﬂé is selected. The word line is equivalent in

5 potential to an output signal of word driver 3602;
hence, it is Vecec2 (>Veccl) in this case. Accordingly,
the terminology "high threshold value Vth" refers to
Vth > Vcc2. In the case of low Vth, the relation Vth <
Vce2 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 1is 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.



25 line BL3. 82 Fig. 41 shows a NAND mask- ROM enpl oyi ng the ion

i nplantation programm ng schene. This ROMis simlar to that of Fig. 36
with its menory cell array 4101 being slightly nodified in configuration.
MOS 5 transistors constitute a cell block. A storage data bit is definable
in logic value--"1" or "O'--depending upon whether these MOS transistors
are of the positive polarity in thresigold value (enhancenent type) or of
negative polarity (deletion type). In this enbodi ment 10 a MOS-transi st or
MVN4n is of the depletion type. Wen one selected word |ine BS4
potentially goes high, a block-select transistor BSMM turn on.

Si mul t aneously, any one of the word |ines associated with this block 1is
selected to go low in potential Suppose a word 15 |line Whn is selected. In

this block cell a current hes to w_al lo o | .S] |t
be output via bl ockE é%reé§ F SHE; &t § %k = gbﬁg kg% ?E tﬁg%%§§ggna °
cross-section of. a, of k t
have the 20 san% ?e?e?%n%%ndé §§?Hﬁgﬂg¥ﬁ8ﬁ%h$he %&?ic§%¥e§é0§lﬁ%ﬁggn >

invention are a@&'ﬁﬁ%@'gftpléev§gaaltﬁp§§soReﬁg§§ Bl asrdiysaussed
above, it will be readily seen by experts that the current |eakage
reduction effeCtbé&n§h§li@H€D§|ﬁBdﬂELEd 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 transistoi BSMN4 turn on.. Simultaneously,
any one of the word lines associated with this block
is selected £o go low in potential. Suppose a word
15 line W4n is selected. In this block cell a current
rushes to fiow allowiné-the "L" level signal to be
output via block-select transistor BSMN4.

Fig. 42 illustrates a cross-section of main part

of the meﬁory cell of Fig. 41. Like elements have the
20 same reference charactérs.

While the principles of the invention are
applicable to several types of mask-ROMs as discussed
above, it wiil 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



25 be maxi m zed when applied to NOR type nmenory devices 83 which
inherently tend to experience an increased anount of |eakage current due
to their structure in which input nodes are increased in nunber resulting
fromuse of a great nunber of parallel arrays of MOS 5 transistors
therein. A DRAM devi ce al so enbodying the invention is shown in Fig. 43.
This DRAMincludes an I/O circuir't 431J)g3 standby controller 43.06 and word
driver 4312, nost portions of which are formed of thick-film MOS 10
transi stors and which are designed to operate with power supply voltages
Vcc2, Vpp that are higher than Vccl. A respective one of transistors
within a nenory array 4301 enploys a thick-film MOS transistor in order
to prevent electrical charge fromleaking out of 15 an associ ated data

storage capacitor, For drive thick-fil d
:IﬂEﬁ W ar e a;rﬂhb@ﬁ EBhE£FP§EXn&eg§n§PeeFQFﬁégéﬁﬁl%Pgée vgﬁtgggr85|3ﬁgls.
n this case, for f.el

capacitors otherﬁpg S}gsrgg%ggpﬁrsggogLﬁnggrQggkﬁbgﬁkﬁqgukgoqh

reconmendabl e th c i of; ,h I | t
Decoders 4313, 4§%égﬁng£§35r§é§eg'? %rghg gg%glén EgﬁgFFag%ggéﬁﬁ%gnpﬁgfude

signals are fOf”?QoaquQ'Bf B'bgbygsnhh®@§|%Eob%rﬁgﬁedrb!Qabw folfe Mogw
vol t age Vcc

5 tran51stors therein.
A DRAM device also embodying the invention is

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

10 transistors and which are designed to operate with
power supply voltages Vcc2, Vpp that are higher than
Vccl. 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
me&ory—cell thick—filmyiransistors, word lines W are
arranged to carry and handle large amplitude voltage
signals. In this case, for purposes of elimination of
current - leakage from capacitors‘otherwise 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 fof drive by the low voltage Vccl,

25 supra. A sense amplifier 4305 consists of a



25 supra. A sense anplifier 4305 consists of a - 84 conbination of
thick-filmand thin-film MO transistors. Input circuit 4311 receives at
its input an address signal Al which is as great as Vcc2 in 5 anplitude.
This input signal is level-converted into a small Vccl anplitude signal
which is then passed to address buffers 4315-4316 and decoders 4313, 4318.
In viewof this, the input circuit prefgerably enploys thick-filmNGS
transistors at its certain part in the 10 prestage of such | evel conversion
to Vccl. For the sanme reason an output circuit 4320 enploys thick-film
MOS transi stors. The DRAM shown is simlar to the previous enbodinments in
that thick-filmMOS transistors are for use in controlling the power 15
supply(ies) as fed to the thin-filmMOS transistors in address buffers
4315- 4316 and decoders 4313, 4318. _Al_though no%.vi%Lgleﬂ:%Fﬁg. 43, row
decoder 4313 coRPRPABatABRePh ADREEFSELLBNFEA: &Pifor1¢8h ™ i ng the Vel

anplitude signal into.an anplitude-increased 20 signal (Vpp) which is then
suppl i ed to wor d*8RAPFEFC%521. In this enbodi ment the voltage Vcc2 is set

o o oo vl Sk e VO S ol 6 1R e 1.5 ol

address signal Ai which is as great as Vcc2 in

5 Amplitude. This input signal is level-converted in;o a
small Vcecl 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

10 -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

15 supply(ies) as fed to the thin-film MOS transistors in
adéress buffers 4315—4§16 and decoders 4313, 4318.
Although not visible in Fig. 43, row decoder 4313
contains therein a level converter for converting the
Vcecl amplitude signal into an amplitude-increased

20 signal (Vpp) which is then supplied to word driver
4321.

In this embodiment the voltage Vcc2 is set at 3.3

volts; Veccl is 1.8 volts; Vpp is 3.6 volts; .and, VDD
is l.§ volts. These voltages may be externally given

25 or alternatively be internally prepared using an on-



25 or alternatively be internally prepared using an on 85 - chip voltage
converter. Fig. 44 depicts an inside configuration of the sense anplifier
4305 of Fig. 43. This sense anplifier includes a pair of parallel bit
lines B, /B, which are 5 precharged at VDDl1/2 by a precharge circuit PC
during standby periods. Sense-anplifier drive |lines NCS, PCS are at
VDD1/ 2 | evel. Accordingly, the sourcesgcdrains and gates of transistors
TP11, TP12, TN11, TN12 constituting one sense anplifier unit SA are all at
10 the sane potential |evel so that neither subthreshold |eakage current
nor tunnel |eakage current flows therein. Thus, these are fornmed of
thin-filmMOS transistors enabling sense operations to increase in speed.
15 A precharge signal PCB is at high potential (>VDD/2) during standby.
Hence, transistors MN11-WMN13 constituting the precharge circuit are
specific MOS trahiPsyotsagachoREPFRETa thick gate insulation film

elimnating tunnel current |eakage. These are not 20 require e of the
hi gh threshol d vaIueFégncé4tﬁ§plg5§r€€ ARF 15T Q§§§%H9Pa%gfgpgr is kept

dentical 1 oLl Lol 42031 gh MAAUMNLA, orihng ol Cutpieri o
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 VDD1/2 level. Accordingly, the sources, drains
and gates of transistors TP11l, TP12, TN11l, 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
(>GDD1/2) 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 réquired 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



25 the fact that these transistors receive at their gates 86 an output YS
of an associ ative colum decoder and are set at ground potential during
standby periods. Fig. 45 shows a detailed configuration of the sense
anplifier circuit 4305. Input signals thereto 5 involve address signals
A, Al and a timng signal In currently available standard nmenory devices,
since the nenory array is subdivided igga portions called the
"subarrays," certain address signal (normally, several upper bits of those
of a row address signal 10 used) is required to-render operative only sense
anplifier units associated with a selected subarray. A NAND gate NAl and
inverters IV1-1V2 enploy thin-film MOS transistors. During standby, the
ékb A, ? SLPnaIs a&e a} "L" level and signal SANis also at "L" while 15
is at "H'; accordingly, switches are .inserted. between the Vccl_|ine
gnd t he pﬁwer SUBPl PURBHEES Y6 O ENARD3AFSOS 1RAT Van & APy \t%rcolc%f é-’ls%cweﬁ
etween the ground node of inverter .1 \V2 and_graound,..for | ective
i nt errup]ti OE of &Pt SERUGG Pﬁ&e&tdﬁ’ﬁ\]{bﬁ’irﬁn r Letrantdobygé)egﬁi(%%ﬁat e tunnel
current | eakage. Level, hold circujts : . i r intainin
the potential |evel ?lc?f' s4l%gnsa og“}gsﬂ\l,d%l#gcc aflg%{%tl?%?tgspl\%{sg,a PCS )

g][fpl oy thick-filmMB HLANFi$O0S ridilty @ oAnskapats sha1sMeBererke use

5 involve address signals Ai, Aj and a timing signal ¢.
In currently available standard memory devices, since
the memory array is subdivided into portions called
the "subarrays," certain address signal (normally,
sevéral upper bits of those of a row address signal

10 used) is required to.render operative only sense
amplifier units associated with a selected subarray. A
NAND gate NAl and inverters IV1-IV2 employ thin-film
MOS transistors. During standby, the Ai, Aj, ¢ signals
are at "L" level and signal SAN is also at "L" while

15 SAP is at "H"; accordingly, switches are inserted
begween the Vccl line éhd the power supply nodes of
NAND gate NAl and inverter IV2 as well as between the
ground node of inverter IV2 and ground, for selective
interruption of power feed auring standby in order to

20 eliminate tunnel current leakage. Level hold circuits
LH1, LH2 are pro&ided for maintaining the potential
levels of signals SAN, SAP.

Precharge circuits NCS, PCS employ thick-film MOS

transistors. Drive transistors MN20, MP20 make use of

25 thick-film MOS transistors. This is to prevent flow of



25 thick-filmMOS transistors. This is to prevent flow of 87 | eakage
current between the sources, drains and gates of these transistors which
are at different potential |evels during standby. Fig. 46 shows one

exenpl ary configuration of the 5 main anplifier 4309 of Fig. 43. As shown,
this main anplifier consists of a conbination of two differenti al

anplifier stages MAL, MA2, which enploy, thin-filmMOS transistors to speed
up anplification operation. This is in light of the fact that no 10
current | eakage can occur because a precharge circuit (not shown) forces
anplifier input signals DO, /DO and first stage output signals D, /D1l

nor eover second stage output signals D2, /D2 to be kept at "H' |evel
during standby periods. On the contrary, activation 15 transistors M31-32
are formed of thick-filmMOS transistors_preventing current from.l eaking
into a node coupkeelage vokrajs PSSWERNSRAR F@H‘W@F'erﬂf@dﬁsn&ntdggaitr?\?enti on
is showmn in Fig. 47. The SRAM shown is simlar in gircuit 20 confi.qyration
to the ROM and DRAMCBEFEC &S 3RS 1GtOETFs 0 SRR &ls I‘ﬁgef%gee&t tha ergitthl%li

structure of its_nmengry . array 470L1.is distinguishable thereover. Menory
array 4701 basi&&Vggs ﬁﬁF&F@yFﬁ flipflop circuits which are forned

of thick-film MXS tr%ﬁ%fﬂégw%hows 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 outﬁut signals D1, /Dl moreover sechd
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‘;urrent 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 MOS transistors.

25 0f those transistors constituting memory array



25 O those transistors constituting nmenory array 88 4701, at |east data
transfer transistors (also called the "access transistors”) are to be
formed of thick- filmtransistors because of the fact that if otherw se
these were fornmed of thin-filmtransistors then 5 unwanted | eakage current
could flow via associated word lines into bit |ines, where a nmaxi nal
anmount of such | eakage current may be fined by the nunber of cells
coupled to one bit line nmultiplied by gate | eakage current per-cell,

t hereby causing flow of 10 | eakage currents adversely behaving to induce
noise mxture on bit lines resulting in a decrease in SIN ratio. Gate

| eakage current of the remaining transistors other than such transfer
transistors is devoted to an increase in power dissipation only; 15

t herefore, unless power dissipation is so |nportant, thes& may bell a
thin-film NS tr#Adilst 6its LeRsE Gioda & ansfen it Bt Wy Te19%- 1@
connected to one bit line, i.e. the data storage.capaci 0 , the
greater the sigit¥ c&TEESSt ttrﬁé‘s&(ﬁfeﬂﬁsagesa%? q‘?“hibsei%}lenﬁl (?anf. 98 }%/'he sane
goes with the tr fer-transistor .threshol va,# ' i SRst '
transistors wer eﬁi&§lﬁaﬁlstlﬁrté°srﬁolbaecr?élgsnel togfde %gfn%t?\gce%%é eldﬁleoegﬂkage §g

current could Tl ol Qe ¢dififd P UfLA FPNA BtandiBibs Odnawich | eakage
current may be gi enebyethe
5 unwanted leakage current could flow via associated
word lines into bit lines, where a maximal amount of
such leakage current may be defined by the number of
cells coupled to one bit line multiplied by gate
leakage current per cell, thereby causing flow of

10 leakage currents adversely behaving to induce noise
mixture on bit lines resulting in a decrease in S/N
ratio. Gate leakage current of the remaining
transistors other than such transfer transistors is
devoted to én increase in power dissipation only;

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

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

amount of such leakage current may be given by the

25 " number of cells coupled to one bit line multiplied by



25 nunber of cells coupled to one bit line nmultiplied by 89
source-to-drain subthreshold | eakage current of transfer transistor per
cell. This adversely serves to induce noises on bit lines causing S/N
ratio to decrease. To elimnate this, the transfer transistors 5 are
-increased in threshold value.. This is attainable by adequate adjustnent
of an ampunt of inpurity as inplantedggonto the channels of such transfer
transistors; or alternatively, the sane may be attained by designing them
so that the gate length is 10 somewhat increased. Fig. 48 shows an
exenpl ary configuration of the word decoder 4704, word driver 4702 and
level converter 4703. Wrd decoder 4704 receives at its input

smal | -anplitude signals, and thus is fornmed of 15 thick-film MOS

Fransistors whil e further i.ncl udin thick-fil i

|nteb&up$ign of42@%%%9258R9§€18uFPgﬁgrﬁﬁgkﬁé é%g%é%%?cg%?%%Ffﬁgg NPﬁéILg{ng
one o] ig. are_driven wi.th [arge- it L

o L oo U dEeBhgede YRp LoLaLAE: CRTAL ! Wileschanelsn) Lbaiesord
with a IeveILgeg¥§ﬁégrné g%sggbngd%nggakgdnggwggngw@rQatQQpQQer 4704 and

driver 4702. converte 31s for potential |evel conversion froma
smal | -anpl i tude 4Lordakarg9eranelihugecsi gnak, end thanseapl oyanshsckrs
5 are increased in threshold value. . This is attainable
by adequate adjustment of an éﬁount 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
thick—film MOS transisggr 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
decodér 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



25 filmtransistors at its main part. This is generally 90 simlar t6 that
di scussed previously in connection wth Fig. 33. The standby control
signal STB goes high during standby periods rendering power supply Vccl
off. 5 Thick-film MOS transi stor MN12 forces an output W2 of |evel
converter 4703 to go high (at 3.3 volts) causing word line W. to be
potentially held at "L" level (zero v@is). This may prevent current from
| eaking into a bit line(s) out of a nméenory cell(s) during standby. 10 The
wor d decoder 4704, word driver 4702 and | evel converter 4703 may be
basically simlar in configuration to those used in the SRAM and DRAM
devi ces stated supra. Fig. 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 affect data stora eP%ﬁ t hat gpmertsu%ply Vccl
may be of f duriﬁgmsiéﬁd59.t#ﬁFsdﬁéﬁgéséﬁpPFﬁVgP ¥t &5 FPEGEC - 8ipl oy's
thin-filmMOS transjstors. _20 Industrial Useability Wth the foregoing

sem conduct or inWéﬁPaFéE' éPrcuit devices in accordance with the pr esent

the fact that 1t 1o phesrpraany I UIUAR sl AT G dlriRgard to
standby periods rendering power supply Vccl off.

5 Thick-film MOS transistor MN12 forces an output WL2_of
jevel 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 memofy 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—lige 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



25 to reduce power dissipation during standby periods 91 wthout having to
slow the circuit operation. 92 - CLAIMS 1. A sem conductor integrated.
circuit device conprising on the sane substrate a plurality of kinds of
met al oxi de sem conductor (MOXS) transistors 5 different in magnitude of

| eakage current flow ng either between the source and gate or between the
drain and gate, wherein said device hasgymin circuitry constituted from at
| east one MOS transistor of those of said plurality of kinds_.of MOS

transi stors being 10 greater in | eakage current, and control circuitry
inserted between said main circuitry and at | east one of two power
supplies and conprised of at | east one MOS transistor |less in | eakage
curr-ent. 2. The sem conductor integrated circuit device 15 according to
Caim1l, wherein said | eakage current is_ due to.tunnel_current. 3. The
seni conduct or i nWé§harEdhavaagi £od&ote thec SaFGUty BT R, wherein said
plurality of kinds of MOS transistors different in said | eakage current 20
i nclude MOS transistors different in thickness of gate insulation film 4.
The sem conductor integrated circuit device



according to any one of Claims 2 and 3, wherein said MOS transistor
greater in | eakage current has a gate 25 insulation filmof 3.5 nanoneters
(nm) or less in 93 - thickness. 5. The sem conductor integrated circuit
device according to Caim2 or 3, wherein the gate insulation film of
said MOS transistor greater in | eakage current 5 is 3.0 nmor |ess. -6.
The sem conductor integrated circuit deyjce according to Claim2 or 3,.
wherein the gate insulation filmof said MXS transistor greater in |eakage
current is 2.0 nmor less. 10 7. The sem conductor integrated circuit
device according to any one of O ains 2 to 6, wherein said MOS transistor
less in | eakage current has a gate insulation filmof 5.0 nmor greater in
thi ckness. 8. The semi conductor integrated circuit device 15 according to
Caim2 or 6, wherein the gate insulation filmof said MXS transistor |ess
in | eakage currefEAIMS 10.0 rimor greater. 9. The seniconductor i nt egr at ed

cpreut device accord g L. a2 Aner et 38 BLalilnegheld s 20
Lranst stors o L BgnS2TR 83 AUV Y 1y Rind U0 SRRty Qfiescidoped
of metal oxide semiconductor (MOS) transistors
5 different in magnitude of leakage current flowing
either between the_source ang’gate or between the
drain and gate, wherein said device has main circuitry
constituted from at least one MOS transistor of those
of Said plurality of kinds of MOS transistors being
10 greater in leakage current, and control circuitry
inserted between said main circuitry and at least one
of two power supplies and comprised of at least one
MOS transistor less in leakage current.
2. The semiconductor integrated circuit device

15 according to Claim 1, wherein said leakage current is

du; to tunnel current.*

3. The semiconductor integrated circuit device
according to Claim 2, wherein said plurality of kinds
of MOS transistors different in said leakage current

20 include MOS transistors different in thickness of gate
insulation film.

4. The semiconductor integrated circuit device
according to any one of Claims 2 and 3, wherein said

MOS transistor greater in leakage current has a gate

25 insulation film of 3.5 nanometers (nm) or less in



di fferent concentration. 10. The sem conductor integrated circuit device
25 according to Claim?2, wherein said plurality of kinds 94 of MOS
transistors different in said | eakage current include MOS transistors
different in density or distribution of carrier. 11. The sem conduct or
integrated circuit device 5 according to any one of Clains 2 to 10,
wherein said main circuitry includes a3 l.east one logic circuit. 12. The
sem conductor integrated circuit device according to any one of Clains 2
to 11, wherein said control circuitry includes at |east one power supply
10 interruption transistor for power supply intercept. 13. The

sem conductor integrated circuit device according to Caim?21, further
conprising a level hold circuit for holding an output of said |logic
circuit or said maip circuitry when said power supply 15 interruption
transi stor interEBpEENSERer feed. 14. The semiconductor integrated circuit

device according toC abm 13, whergl,ncsal dntexel il dichusyl beveoapri ses

said MOS transi stor ess age curren e sem conduct or

i ntegrated circull deuics R0cAGIArdiBY 5O AME:ANG RheClaleds iAskation

wherein said fransistor greatei in Iéakage current is arranged to
operate with a QQHQmVQEtQQQkoo@ 8 rualstis oY) geater in leakage current

5 is 3.0 nm or less.

6. The semiconductor integrated circuit device
according to Claim 2 or 3, wherein the gate insulation
film of said MOS transistor greater in leakage current
is 2.0 nm or less.

10 7. The semiconductor integrated circuit device
according to any one of Claims 2 to 6, wherein said
MOS transistor less in leakage current has a gate
insulation film of 5.0 nm or greater in thickness.

8. The semiconductor integrated circuit device

15 according to Claim 2 or 6, wherein the gate insulation
fiim of said MOS transistor less in leakage current is
10.0 nm or greater.
9. The semiconductor integrated circuit device
according to Claim 2, wherein said plurality of kinds
20 of MOS transistors different in said leakage current
include MOS transistors of the same conductivity type
having gate electrodes doped with an impurity of
different concentration.
10. The semicornductor integrated circuit device

25 according to Claim 2, wherein said plurality of kinds



above. 16. The sem conductor integrated circuit device 25 according to any
one of Claims 2 to 14, wherein said 95 MOS transistor greater in |eakage
current is arranged to operate with a gate voltage of 1.2 V or higher

17. The sem conductor integrated circuit device according to any one of
Claims 1 to 16, wherein said 5 MOS transistor greater in |eakage current
and said MOS transistor less in | eakaggy current are driven by gate

vol tages different in potential fromeach other. 18. The sem conduct or
integrated circuit device according to any one of Clains 1 to 16, wherein
said 10 MOS transistor greater in | eakage current is driven by applying
between the gate and one of the source and drain a voltage less in
potential than that applied to said MOS transistor |less in | eakage

current. 19. The sem conductqr integqgr.ated circuit devisC jng to
any one of O ai mef1MP§ EZAnFESERES %&%[ ie§ﬁtngmansailnpu]te%c}){u]g%u%%t%eﬁtngl, an

i nput /output . ci ouit Lop gontrolsaf. 1D g ol Ayl diiasn cial d

i?put/output term _ _ mTCireurtry, a nenory cel'l for storage
of an output of aéﬁfg h@i%% %f“ﬁ&%fﬂérf”m a nenory-direct peripheral

circuit for cont operation of 'said nenory cell. 20. The
sem conductor integratied &hECUhid@Wd®@tor integrated circuit device
5 according to any one of Claims 2 to 10, wherein said
main circuitry includes at least one logic circuit.
12. The semiconductor integrated circuit device
according to any one of Claims 2 to 11, wherein said
con£rol circuitry includes at least one power supply
10 interruption transistor for power supply intercept.
13. The semiconductor integrated circuit devicé
_ according to Claim 21, further comprising a level hold
circuit for holding an output of said logic circuit or

said main circuitry when said power supply

15 interruption transistor intercepts power feed.

—

14. The semiconductor integrated circuit device
according to Claim 13, wherein said level hold circuit
comprises said MOS transistor less in leakage current.

15. The semiconductor integrated circuit device

20 according to any one of Claims 2 to 14, wherein said
MOS transistor greater in leakage current is arranged
to operate with a gate voltage of 0.8 volts (V) or
above. |

16. The semiconducﬁor integrated circuit device

25 according to any one of Claims 2 to 14, wherein said



according to Caim19, wherein said nenory cell conprises said MXS
transistor less in |leakage current. 25 21. The sem conductor integrated
circuit device 96 according to Gaim19 or 20, wherein said menmory cel

i ncludes at |east one of a register file, cash nenory, TBL, and dynam c
random access nenory (DRAM. 22. The semi conductor integrated circuit
device 5 according to Claim19 or 21, ggherein said menory cell is
arranged to store data therein during standby. 23. The sem conductor
integrated circuit device according to any one of Cains 19 to 21, wherein
said nenory cell includes a first type of nenory greater in to access rate
and a second type of nmenory less in access rate than the first nenory, and
wherein | eakage current of a MOS transistor constituting said first ’

menory is greater than | eakage current of t ' d L ORI
t he second nennﬂ??sJEFéﬁﬁlsﬂﬁET§@ﬁ?%5ﬁﬁub?o?e%%$%§ré?ggégﬁféﬁfggg%bégglng

according to any one of C ai 19 to 23 I DeSal I RpULA t
circuit, include APFeAsT %ﬂ%hc%r?%ﬁ? v?%?§§§ugfrghgtYaﬁgiEégggggr power

supply interception. 25. Fgég%ﬁiééﬁﬁh%&ﬁ% | Rtegrated sireuit deviee 20

according to any one”of ai s ereln said nenory-direct
peripheral circuid.ing ﬂg%?t;oaénylzeaﬁé gREC1ROME! 1SUBPhY , i wheredpt sand

transi stor for power su
5 MOS transistor greater in leakage current and said MOS
transistor less in leakage curfent are driven by gate
voltages different in potential from each other.
18. The semiconductor integrated circuit device
accérding to any one of Claims 1 to 16, wherein said
10 MOS transistor greater in leakage current is driven by
applying between the gate and one of the source and
drain a voltage less in potential than that applied to
said MOS transistor less in leakage current.
19. The semiconductor integrated circuit device
15 according to any one of Claims 1 to 18, further
coébrising an input/ougiut terminal, an input/output
circuit for control of input and output between said
input/output terminal and said main circuitry, a
memory cell for storage of an oﬁtput of said main
20 circuitry, and a memory-direct peripheral circuit for
control of operation of said memory cell.
20. The semiconductor integrated circuit device
according to Claim 19, wherein said memory cell

comprises said MOS transistor less in leakage current.

25 21. The semiconductor integrated circuit device



interception. 26..The semi conductor integrated circuit device 2 i
to Gaim23 or 24, further conprising a 87 power supply controISC?Sgﬁ{slng
for control of said power supply interruption transistor, wherein said
power supply interruption transistor conprises a MOS transistor less in

| eakage current than the MOS 5 transistor constituting said main circuitry
27. A sem conductor integrated circuiLtggevice conprising a silicon .
substrate, a first MOS transistor forned on said substrate and having an
insulative film of 4 nmthick or |ess between a source and gate or 10
between drain and gate, and a second MOS transistor forned on the sane
substrate and neasuring nmore than 4 nmin thickness of the insulative
film 28. A sem conductor integrated circuit device conprising a first MOS

transistor having between its 15 source and gate_ or i .
an insul ative fidGFFAMPAMOCI2LR ) Phi :ane ST &hd g&ié"g@%ﬁ%ﬂ )S&E?fd gate

transi stor having between it . .
ot ative 111 miRfBIASs oh 19Tk Thah TrarSErPCLIREY, Fath lnaRgeoRt e an

between the sourbil sttt abic st b St kR TEREy o S een the |-
drair and . st ! tran5|stpr or betmpen t he
: 22. The semiconductor integrated circuilt device

5 according to Claim 19 or 21, wherein said memory.cell
is arranged to store data therein during standby.

23. The semiconductor integrated circuit deviqg
according to any one of Claims 19 to 21, wherein said
meméry cell includes a first type of memory greater in

10 éccess rate 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.

15 24. The semiconductor integrated circuit device
ac;ording to any one of Claims 19 to 23, wherein séid
input/output circuit,includes at least one current
interruption transistor for power supply interception.

25. fThe semiconductor integrated circuit device

20 according to any one of Claims 19-24, wherein said
memory-direct peripheral circuit includes at least one
power supply interruption transistor for power supply
interception.

26. The semiconductor integrated circuit device

25 according to Claim 23 or 24, further comprising a



gate thereof. 29. A sem conductor integrated circuit device 25 conprising
a first MOS transistor having between its 98 source and gate or between
drain and gate an insulative filmof 4 nmor |ess, a second MOS

transistor for interruption of power feed to said first MOS transistor

and level hold circuitry for 5 holding an output of said first MOS ’
transistor during power feed interrupghon. 30. A sem conductor integrated
circuit device conprising a first MOS transistor greater in nmagnitude of

| eakage current between its source and gate or 10 between drain and gate
and a second MOS transistor less in current |eakage than said first NCS’
transistor, wherein said first and second M3S transistors are on the sane
silicon substrate, and wherein said second MOS transistor is driven with a
power supply 15 potentiallﬁzhigher than that for sai f&rgk 0

transistor. 31. POYeHi ewPRLYt e8P FRPegFaFed*ti FRhi FCHeVPte respgngfvgrto

recei pt of an input signal with_an litu VO . : I i
conprising a Iev%PPEbYcbﬂE%FF%PCéPchggn 6Fg§5he#§??§§Mg%gﬁﬁfgpﬁggeg:Sﬁal

el 1 10 L0 BB RS EPHLBOEgH, e aptl shaiote adkos doun ol
transistor less in leakage current than the MOS
5 transistor constitﬁting said main circuitry.

57. A semiconductor integrated circuit device
comprising a silicon substrate, a first MOS transistor
formed on said substrate and having an insulative film
of 4 nm thick or less between a source and gate or

10 between drain and gaté, and a second MOS transistor
formed on the same substrate and measuring more than 4
nm in thickness of the insulative film.

28. A semiconductor integrated circuit device

comprising a first MOS transistor having between its

15 source and gate or between drain and gate an

—

insulative film of 4 nm or less in thickness, and a
second MOS transistor having between its source and
gate or between drain and gate an insulative film
greater in thickness than that of said first MOS
20 transistor, wherein said second MOS transistor

controls a current flowing between the source and gate
of said first MOS transistor or between the drain and
gate thereof.

29. A semiconductor integrated circuit device

25 comprising a first MOS transistor having between its



current between a gate and source or between gate and drain of a MOS:
transistor receiving the internal 25 signal as its input is greater in
magni tude than that 99 of a MOS transistor receiving said input signal as
its input. 32. A sem conductor integrated circuit device conprising MOS
transistors for provision of an 5 arithnetic processor device and a storage
device including at |east one of a ma read-only menory, static random
access nmenory and dynam c random access ~ nenory, wherein a gate insulation
filmof a MOS transistor for use in a logic circuit included in said 10
arithmetic processor device is less in thickness than a MOS transistor for
use in a nenory cell of said storage device. 33. A sem conductor
integrated circuit device conprising a silicon substrate, a plurality of
kinds 15 of MOS transistors on said substrate different in magnitude of
tunnel current bebweem sndrgatandrgheswsen BEewBerndr 82+ Rt gate, nmin
circuitry including at |east_one MX transistor greater . unnel current
of said pluralitpseiakinasfeimves ér BAsPSt 4SS afd S56 % | circuitry
inserted between said main circuitr and at |_east qn f r
suppl i es and i ncFGaPAgsStar ﬁ@ﬁsﬁnBﬁngEElPPaﬁ i S8 gé%q %ﬁfﬁﬁﬁe current,

first MOS transistor, and level hold circuitry for
5 holding an output of said first MOS transistor during
power feed interruption.

30. A semiconductor integrated circuit device
comprising a first MOS transistor greater in magnitude
of ieakage current between its source and gate or

10 between drain and gate, and a second MOS transistor
less in current leakaée than said first MOS transistor,
wherein said first and second MOS transistors are on
the same silicon substrate, and wherein said second
MOS transistor is driven with a power supply

15 potentially higher than that for said first MOS
tr;nsistor. B

31. A semiconductor integrated circuit device
responsive to receipt of an input signal with an
amplitude voltage Vcc2, said device comprising a level

20 converter circuit for generating an internal signal by
forcing the amplitude voltage of the input signal to
drop down at a potential level Vccl, wherein a leakage
current between a gate and source or between gate and
drain of a MOS transistor receiving the internal

25 signal as its input is greater in magnitude than that



wherein flow of a source-to-gate current or drain-to- gate current of the
MOS transistor greater in tunnel 25 current for use in said main circuitry
is selectively 100 pernmitted in response to a control signal as supplied
to said control circuitry. 34. A sem conductor integrated circuit device
conprising a sem conductive substrate, and a plurality 5 of kinds of MOS
transistors on said substrate differenggin thickness of a dielectric film

| aid between a source and gate or betWeen drain and gate, wherein one or
several ones of said plurality of kinds of MOS transistors less in
dielectric filmthickness 10 are for use in constituting at |east one |logic
circuit whereas a remaining MOS transistor or transistors greater in
dielectric filmthickness are for use in formng a control circuit for
control of power supply to said logic circuit. 15 35. A seniconductor
integrated circuif aleM0Secransister ngeeeiYERE MRt +BRNF TP Rhvi gt bet ween
its source and gate or between drain and gate a dielectric filmof 4 nm
or less in thickim®ss- and a second MOS transistor of nore than 4 nmin

for “control 11ng powst? sugbl ST SHNE TS oib frae frdrEr Byt raet stor 1S

comprising MOS transistors for provision of an

5 arithmetic processor device and a storage device
including at least one of a mask read-only memory,
static random access memory and dynamic random access
memory, wherein a gate insulation film of a MOS
traﬁsistor for use in a logic circuit included in said

10 arithmetic processor device is less in thickness than
a MOS transistor for use in a memory cell of said
storage device.

33. A semiconductor integrated circuit device

comprising a silicon substrate, a plurality of kinds

15 of MOS transistors on said substrate different in.
maénitude of tunnel cu;}ent between source and gate or.
between drain and gate, main circuitry including at
least one MOS transistor greater in tunnel current of
said plurality of kinds of MOS transistors, and

20 control circuitry inserted between said main circuitry
‘and at least one of two power supplies and including
at least one MOS transistor less in tunnel current,
wherein flow of a source-to-gate current or'd;ain—to-
gate current of the MOS transistor greater in tunnel

25 current for use in said main circuitry is selectively



36. A sem conductor integrated circuit device conprising a sem conductor
substrate, and a plurality 25 of kinds of MOS transistors on said
substrate being 101 different in current |eakage between source and drain
or between source and drain when driven by the sanme gate voltage due to a
difference in at |east one of thickness of a dielectric filmlaid betwen
source and 5 gate or between drain and gate, density of gate electrode
carrier, and distribution thereof, wherein said plurality of-kinds of MOS
transistors are for use in constituting a central processing unit (CPU)
including at |l east one logic circuit, an input/output 10 circuit allow ng a
signal to input to and output from said CPU, a nenory circuit for storage
of a signal fromsaid CPU and wherein the MOS transistor less in current

| eakage is for use with said logic circuit whereas tcapshstar
greater in curreperhbokedeinsrespepseyte di FAEEP ﬁ%ﬁg?gcgfrcu??. 37.
sem conductor integrated circujt devicg conprising a sem conduct or

substrate, and at@lsRdfi €9ntEPLKFAASYSFTXIOS transistors on said substrate
being different in.currept Ieakag3?9€é¥egﬁtéeygggda@grgﬁgtndaGieé bet ween
0 e

source and drain upon®appti &t on sane vol tage between a gate and
one of drain andco%B%E%?ngug LondcOhhlierenee substtrateastndne pfiurality
5 of kinds of MOS transistors on said substrate
different in thickness of a dielectric film laid
between a source and gate or between drain and gate,
wherein one or several ones of said plurality of kinds
of ﬁos transistors less in dielectric film thickness
10 are for use in constituting at least one logic circuit
whereas a remaining MOS transistor or transistors
greater in dielectric film thickness are for use in
forming a control circuit for control of power supply

to said logic circuit.

15 35. A semiconductor integrated circuit device

comprising a first MOS transistor having between its
source and gate or between drain and gate a dielectric
film of 4 nm or less in thickness, and a second MOS
transisﬁor of more than 4 nm in thickness of the

20 dielectric film, wherein said second MOS transistor is
for controlling power supply to said first MOS
transistor.

36. A sémiconductor integrated circuit device

comprising a semiconductor subétrate, and a plurality

25 of kinds of MOS transistors on said substrate being



thickness of a dielectric filmlaid between source and gate or between
drain and gate, density of gate 25 electrode carrier, and distribution
thereof, wherein a 102 plurality of power supplies of different voltages
are provided to drive said plurality of MOS transistors, and wherein one
or several first MOS transistors greater in current |eakage of said
plurality of kinds 5 of MOS transisto{giace driven with a first power
supply of |ower voltage whereas one or several second MOS transistors are
driven with a second power supply of higher voltage. 38. A sem conductor
integrated circuit device 10 conprising on the sane seni conductive
substrate a plurality of kinds of MOS transistors different in current

| eakage between source and gate or between source and drain when driven by

the sane gate voltage, a plurality of wer su i i ffes eirlg idrasal t age
for 15 drivi ngdifiéeglemtaltiy f”éfrel’??és]t%?ﬁestsboerocg%éﬁer ein one or nore
first MOS transistors greater in cur | eqkage ofiwan bl thial samye of ki nds
of MOS transi st @Fs PeAWe STy SPMT 95y 6514 iedr%atngomer suplpl y of |ow voltage

wher eas one or nore secqnd tr | $40f et &%Se | Tn 20c Cleaentoheakfge
thereof are dri @&ty d &t Ao

power  supply of high voltage while allow ng
sai d second NDSt:r}irc I'}lSeisSSt Oc'i'fS &Q-lfé’ﬂ%é@ﬁicpoﬂ\_@lmSlJ@DdiybeWQamdswxg@ arss
5 gate or between drain and gate, density of gate
electrode carrier, and distriﬁﬁtioh thereof, wherein
said plurality of kinds of MOS pransistors are for use
in constituting a central processing unit (CPU)
inciuding at least one logic circuit, an input/output
10 circuit allowing a signal to input to and output from
said CPU, a memory circuit for storage of a signal
from said CPU, and wherein the MOS transistor less in
current leakage is for use with said logic circuit

whereas the MOS transistor greater in current leakage

15 is for use with said memory circuit.

- At

37. A semiconductor integrated circuit device
comprising a semiconductor substrate, and a plurality
of kinds of MOS transistors on said substrate being
different in current leakage between source and drain

20 or between source and drain upon application of the
same voltage between a gate and one of drain and
source due to a difference in at least one of
thickness of a dielectric £ilm laid between source and
gate or between drain énd gate, density of gate

25 electrode carrier, and distribution thereof, wherein a



transistors. 39. A sem conductor integrated circuit device 25 conprising on
t he sanme sem conductor substrate a first 103 MOS transistor greater in
current | eakage between its source and gate or between source and drain,
and a second MOS transistor less in current | eakage, wherein said first
MOS transistor is for use in constituting a 5 first circuit whereas said
second MOS transistor is for use in fgygning a second circuit while
rendering said first circuit greater 1n switching speed than sai.d second
circuit. 40. A semiconductor integrated circuit device 10 conprising a
first MOS transistor having a thickness decreased insulative film between
its source and gate or between source and drain, and a second MOS

transi stor having a thickness increased insulative film wherein said

first MOS transistor is for use 15 with_a 1ogic

] s eEGYLLe 8ULREEst arexhi bit
enhanced swit chphgrabieyl WhePeWsT s8FRPL&ESN ftggﬁggg%gﬁ i's fo? Susg with a

circuit less in swtching speed than,sai LG Bl gkt twhinke sablkewi ng a
power supply of BaPWidedr&p REEVEr §A3Fs gPr%ggEg control I ed i ndependent!|y

of 20 a power supply of said _secqnd RaRs r$k0Mosd trahsdemiorsnduct or
i ntegrated circupPAgERPEE e r?giﬁgggr?irst MOS transistor having a first

gate greater in current leakage of said plurality of kinds
| 5 of MOS transistors are driven with a first power |
supply of lower voltage whereas one or several second
MOS transistors are driven with a second power supply
of higher voltage.
-38. A semiconductor integrated circuit device
10 '.comprising on the same semiconductive substrate a
plurality of kinds of MOS transistors differept in
current leakage between source and gate or between
source and drain when driven by the same gate voltage,
a'plurality of power supplies different in voltage for
15 driving the plurality of MOS transistors, wherein:one
og-more first MOS traﬂ;istors greater in current
leakage of said plurality of kinds of MOS transistors
are driven by a first power supply of low voltage
whereas one or more second MOS transistors less in
20 current leakage the}eof are driven by a second power
supply of high voltage while allowing said second MOS
transistors to control power supply to said first MOS
transistors.
39. A semiconductor integrated circuit device

25 comprising on the same semiconductor substrate a first



el ectrode, a first electrode and a
_ , a second el ectrode, and a second MOS
é{ggfizégr MAag4a azconq gatgdZE electrode, a third electrode and a fourth
e ode, - erein sai irst electrode is coupled to a first
3géfgfhaga¥gegggz Zald second el ectrode is coupl ed top a second potenti al
_ nd MOS transistor is inserted via said third ’
and said fourth 5 electrode at at |le i s oo o
( . . . asigpne of certain [ocations on

rhlch is between said first electrode and said first potential andeaOf
ggalP!n? one of which is between said second electrode and said second
p er ial, and wherein said first MOS transistor is less in gate 10

i nsul ation f|In1th|ckness phan said second MOS transistor. 42. The
sem conductor integrated circuit device according to C ai m 41, wherein

said first MOS transistor is less in i
_ | , gate |en
transi stor. 43. NAE §éﬁﬂ§éﬁ88€t8FePﬁFEgﬁﬁtgﬁrgg%guﬁggggéggge%gggg?éyﬁg téS

Claim4l, wherein said-first MOS transi or. i i
¢ ' ) l.e i
sai d second MOSSPRERSi 8P6r 9356 %3 gegénfggﬁgﬁcﬁés ?ﬁ?%gﬁafgglggfcbrﬁn

eoe equal 4 NgtoeS Eﬂog‘n‘%’gp‘eéﬂ%rt%ir“ 1500 1 el MA8 llbAagiest ohereiness

said first MOS transistor is for use in constituting a

5 first circuit whereas said second MOS transistor is
for use in forming a second circuit while rendering
said first circuit greater in switching speed than
said second circuit.

.40. A semiconductor integrated circuit device

10 comprising a first MOS transistor having a thickness
decreased insulative film between its source and gate
or between source and drain, and a second MOS
transistor having a thickness increased insulative
film, wherein said first MOS transistor is for use

15 with a logic circuit required to exhibit enhanced
s&itching speed whereég said second transistor is for
use with a circuit less in switching speed than said
logic circuit while allowing a power supply of said
ﬁirst MOS transistor to be controlled independently of

20 a power supply of said second MOS transistor.

41. A semiconductor integrated circuit device

comprising a first MOS transistor having a first gate
electrode, a first electrode and a second electrode,

and a second MOS transistor with a second gate

25 electrode, a third electrode and a fourth electrode,



\élol'iit ﬁqu'l 43}.“e'rl'2iens§$ SOP?;JEE or int e%(r)at ed ci réuit device 25 according to
141, . . . MOS - 5 transistor is less tha i
g?;gt;PS?LZ;IZnnL:!n] t?lckness whereas said second MOS transigtgrnrgln
( in gate insulation filmthickness. 46 h '
integrated circuit device 5 accordin [ - ein sard COHCIUCtNL’)SOr
_ ( to Caim4l, wh i i
t ( g , erein said first
séﬁ?ibﬁéﬁgtbf :ﬁf:g$2?2d3é?r23};ndggpgohnsulation film thickness. 47. The
_ _ ( evice according to Caim4l, wh
said first MOS to transistor is | in i nsul at | film
_ : ess than 3 nmin gate-insulation fi
Er;?ﬁriis.mﬁgkergeszsgl??pdgctor integrated circuit device accordihgn}o
( 1, . . st MOS transistor is less than 2 nmin
insulation film 15 thickness. 49. The sem conductor integrated ci?gb?t

device according to Caim4l, wherein i hfg% ¢ i
greater than 5 mneirreigatsai@sfiﬂraﬁ cﬁ%‘ecftislial ??ﬁesg(lz%ncgus%. O‘ECSSSQStI'%;e&@tIE o

sem conduct or integrapgd'circuit device accordy - .
2o SRai Mok Bk et G e LG STl
a second potential, wherein said second MOS transistor
is inserted via said third electrode and said fourth
5 electrode at at least one of certain locations one of
which is between said first giectrode and said first
potential and a remaining one of which is between said
second electrode and said second potential, and
wheéein said first MOS transistor is less in gate

10 insulation film thickness than said second MOS

transistor.

42. The semiconductor integrated circuit device
according to Claim 41, wherein said first MOS

transistor is less in gate length than-said second MOS

15 transistor.

43. The semicondu2£or integrated circuit device
according to Claim 41, wherein said first MOS
transistor is less.in gate voltage than said second
MOS transistor.

20 44. The semiconductor integrated circuit device
according to Claim 41, wherein said first MOS
transistor is less than or equal to 2 volts in gate
voltage.

45. The semiconductor integrated circuit device

25 according to Claim 41, wherein said first MOS



filmthickness. 51. The sem conductor integrated circuit device 25
according to Claim4l., wherein said second MOS 106 transistor is greater
than 10 nmin gate insulation filmthickness. 52. A sem conductor
integrated circuit device conprising on the sane silicon substrate a
plurality 5 of kinds of MOS transistors different in magnitude of tunnel

current flowi ng at |east between sourgggand gate or between drain and
gate, a main circuit configured including at |east one MOS transistor
greater in tunnel current of said plurality of kinds 10 of MOS transistors
different in magnitude of tunnel ~current, a control circuit inserted
between said main circuit and at | east one of two power supplies for

controlling current flow between the source and gate or between the drain
and gate of the MOS transistor 15.greater in tunn

! CULEEDhc{Oh EEEmI N
consti tuting saimkamsﬁ$m@irb%i%?SBSFh?ﬂe4sﬁﬁit%n%%é o?ﬁ%ntegrated circuit

device according to Caimb52, wherein said Rl | Ly ¥nef skbRdss of MOS
transistors difféméﬁkn¢ﬁsﬁﬁ©ﬁ¥?ﬁﬁe56?atﬁﬁﬁgPBZgbguFreﬁt conpri se MOS

transistors different in gate, insulati i thijokngssm GhicEhess.
seni conduct or ingégﬁﬁ?ﬁdtg??cﬁiPmdégiéégg H

46. The semiconductor integrated circuit device
5 accoréing to Claim 41, wherein said first MO?
transistor is less than 3.5 nm in gate insulation film
thickness.
47. The semiconductor integrated circuit device
accérding to Claim 41, wherein said first MOS
10 transistor is less than 3 nm in gate insulation film

thickness.

48. The semiconductor integrated circuit device
accordihg to Claim 41, wherein said first MOS
transistor is less than 2 nm in gate insulation film

15 thickness.

49. The semicondugfor integrated circuit device
according to Claim 41, wherein said second MOS
transistor is greater than 5 nm in gate insulation
film thickness.:

20 50. The semiconductor integrated circuit device
‘according to Claim 41, wherein said second MOS
transistor is greater than 6 nm in gate insulation
film thickness. | |

51. The semiconductor integrated circuit device

25 according to Claim 41, wherein said second MOS



according to Caimb53, wherein said plurality of kinds of MOS transistors
different in magni tude of tunnel 25 current include a MOS transistor having
a thickness 107 increased gate insulation filmand a gate el ectrode side
wall with a side wall spacer being coated thereon, said spacer being nade
of a dielectric material substantially insensitive to hydrofluoric acid. 5
55. The sem conductor integrated circuide device according to Caim 52,
wherein said plurality of kinds of MOS transistors different in magnitude
of tunnel current conprise MOS transistors identical in conductivity type
havi ng gate el ectrodes doped with 10 the sanme kind of inpurity at different
val ues of concentration. 56. A nethod of manufacturing a sem conductor

device for fabrication of a plurality of netal oxide sem conductor (MDXS)
transi stors having gate insulation 15

_ i los, diffeegnt kB8 thAkckaessnon the
same silicon sub@@ﬁ%l%?oﬁhb$egﬁe?ﬁﬁrgg%%ni%guﬁétﬁong?iIns of different
t hi cknesses are forned separately. 57. A nethod of manufacturing a

sem conduct or  dB¥IBetRBFEREBT cation of a plurality of MOS 20 transistors
having gate insulatigp fi rrgerqg.{:&?égl%oi:ninEQbEKE@&Scoﬂctfne dewicsi | i con
at |

substrate, wherein a““gate Tnsu on filmless in thickness is forned
pri or comprising on the same silicon substrate a plurality
5 of kinds of MOS transistors different in magnitude of
tunnel current flowing at least between source and
gate or between drain and gate, a main circuit
configured including at jeast one MOS transistor
grééter in tunnel current of said plurality of kinds
10 of MOS transistors different in magnitude of tunnel
currenﬁ; a control circuit inserted between said main
- circuit and at least one of two power supplies for
controlling current flow between the source and gate

or between.the drain and gate of the MOS transistor

15 greater in tunnel current for use in constituting said

main circuit.

53. The semiconductor integrated circuit device
according to Claim 52, wherein said plurality of kinds.
of MOS transistors different in magnitude of tunnel

20 current comprise MOS transistors different in gate
insulation film thickness. |

54. The semiconductor integrated circuit device
according té Claim 53, wherein said plurality of kinds
of MOS transistors different in magnitude of tunnel

25 current include a MOS transistor having a thickness-



to formation of a gate insulation film i i

o _ _ greater in thickness.

Sil?ggnogugg?rgﬁgt;rlnﬁ a sem conductor 108 device conpri:?ngzgnS?heAéane

o bt esu ati o P_Frallty of MOS transistors each having a | am nation

of a gate 1nsulatis ilmand a gate electrode, said plurality of MOS
including a first MOS 5 transistor and a second MOS transi stor

di . .

neIngeggnL;?g}neafE other in thicknesgof_ the gate insulation film said
et hod €0 trans?sto? fteps of: formng the gate insulation filmof said
first VOS5 transistor 0 a thickness less than that of said 10 second MOS
transistor: *o trgn he gaFe insulation filmand the gate electrode of
filmand the gate eI:Lf$83é gpdsaggrpyng e Ty amgi o T g pa Ao
sem conductor integrated circuit deviL;StcNCSr}g?nSIStor- R

substrate a firsindMEased agmist brs 189,00, L Be-$aperalki cON
predefined thickness, and a seggﬁd%EZET?na FrPst gafe"rnisulation fil mof a

(nsulation 111 m steateni gwmt?igﬁﬂssﬁaiﬁgﬁbéé% P R et at on

a drain eIectrodea@ﬁi;gap@ftpﬁangtmgééggk Lnghudestaisonacerialect rode and
substantially insensitive to hydrofluoric acid.

5 55. The semiconductor intggrated circuit device

according to Claim 52, whereiﬂ'said plurality of kinds
of MOS transistors different in magnitude of tunnel
current comprise MOS transistors identical in
conéuctivity.type having gate electrodes doped with

10 the same kind of impurity at different values of

concentration.

56. A method of manufacturing a semiconductor
device for fabrication of a plurality of metal oxide
semiconductor (MOS) transistors having gate insulation

15 films different in thickness on the same silicon
substrate, wherein thé-gate insulation films of
different thicknesses are formed séparately.

57. A method of manufacturing a semiconductor
device for fabfication of a plﬁrality of MOS

20 transistors having.gate insulation films different in
thickness on the same silicon substrate, wherein a
gate insulation film less in thickness 1is formed prior
to formation of a gate insulation film greater in
thickness.

25 58. A method of manufacturing a semiconductor



one of the source and drain el i

_ _ _ _ ectrodes conprise an inpurity- i

g:gifiggé BP cargler density or 25 in depth froma copPeng%d?ggegn;eglon
said 109 - first MOS transistor. 60. A sem conductor

integrated circuit device co i Si '
_ ( ~conprising on the same silicon i
MOS transistor having a first gate insulation film a 5 f??gft;gtg afirst

ol . . .
ngff;?ﬁg g;?glyl?g said film and a fpgst protective dielectric film
ol insulationg?iﬁnlegegéggﬁg’ atseand MOS transi stor having a second

_ nd gate el ectrode overlyin nd fi
and a second protective 10 dielectric fiImoverlyingysa?dtggczﬁgoggtgllm

el ectrode wherein said fi i

de, irst gate insulation fi i i i

t . . . nfilmis les

han said second gate insulation film and wherein a sidesmgrl B?EFEQEE?C

filmis provided at | east '

P d-at _partly covering a cross- i ;

igcg'ﬁéeplrgtsgl:?it qu:: emé?mlﬁhrlw ﬁ“coﬁheg%ﬂe e?%%ﬁ%gg‘gg&ﬁv\e?fatg :Sicgnd |
( ric - - »

device conpri sipigeiithe %@%m%%%i%%e@ £804Uedping nd elraliea 2om cul t

i : . _ _ strate a fir -
i s ;';J;%; Lo H1MoR H i andlaoghee eé;saéa_‘:ivgée;\r/ga?%/?tngr
electrode, a second. } o {13554 Obrthi U opECongloatng & Frret HOS
5 transistor and a second MOS transistor different from
each other in thickness of the gate insulation film;
said method comprising the steps of:
forming the gate insulation film of said first—MOS
trahsistor to a thickness less than that of said
10 .second MOS transistor;
forming the gate insulation f£ilm and the gate
electrode of said second MOS transistor; and.
forming thereafter the gate insulation-film and
the gate electrode of said first MOS transistor.
15 59. A semiconductor integrated circuit device
comprising on the same silicon substrate a first MOS
transistor having a first gate jnsulation film of a
predefined thickness, and a second MOS transistor
having a second gate insulation film greater in
20 thickness than said first gate insulation film,
wherein said second MOS transistor includes a source
electrode and a drain electrode while letting at leasﬁ
one of the source and drain electrodes comprise an

impurity-doped region different in carrier density or

25 in depth from a corresponding one electrode of said



insulation film a second gate el ectrode overlying the second film and a
second protective dielectric film25 overlying said second gate el ectrode,
wherein said - 110 first gate insulation filmis less in thickness than
said second gate insulation film wherein a side wall dielectric filmis
provi ded at |east partly covering a cross-section of said second gate
insulation filmand 5 said second gajggelectrode as well as said second
protective dielectric film and further conprising a first inpurity-doped
region in said silicon substrate beneath said side wall dielectric film
and a second inpurity-doped region in certain part of said silicon 10
substrate neighboring to said side wall dielectric film said second

i mpurity-doped region being prevented fromlocating beneath the side wall
and the gate insulation film 62. A sem conductor integrated circuit
device 15 conpriisisngMos tthansardE i1 i con substrate a plurality of MOS
transistors of a first kind each having he j 1 SRWiGe dnvd.agat e or
between drain and g#i® ad SeFSGERIITE ill%tto% Etéé o i

nmor less in thickness, a
plurality of MOS transistors of a se . Ki bk baiper 2Acgreaf erst MRS 4 nmin
t hi ckness of thednRlsIY LR itH S Qrgitd

erein the first kind of MOS
transistors | nClt-ijrgfns?istl_ch:S Lransi sy of; wit hyax suxhsulagaer fehgth2while the
5 first gate electrode overlying said f£ilm, and a first
protective dielectric film overlying said gate
electrode, a second MOS transistoxr having a second
gate insulation film, a second gate electrode

overlying thé second film, and a second protective

i i ode,
10 dielectric film overlying said second gate electr

wherein said first gate insulation film is less in
thickness than said second gate insulation £f£ilm, and
wherein a side wall dielectric film is provided at
least partly covering a cross-section of said second

15 gate jnsulation film and said second gate electrode as
wéil as said second pfgtective dielectric film.

61. A semiconductor integrated circuit device
comprising on the same silicon substrate a first MOS
transistor with a first gate insulation film, a first

20 gate electrode overlying said film, and a first
protective dielectric film overlying said gate
elecﬁrode, a second MOS transistor with a second gate
insulation film, a second gate electrode_overlying the
second film, and a second protective dielectric film

25 overlying said second gate electrode, whereln said



second kind of MOS transi i
! stors includ i ;

| en _ e a MOS tran i ni

sengzgngﬁt?g greater 25 than said maximal gate IZh;:ﬁr ?Aagla o el

il giigtegrate?rgh;fuit dﬁvipe conpri si ng on'the sane6§ilﬁcon

first sistor having a first gate i : :

d|e|ec??f§ ?:fﬁ:rOde overlying said film and a. ?irgtlgsglgt;gP'flln] 2

having a second ove[|y|ng said gate. g{g@ctrode, a second MOS tralnVe

the second film gﬁdealgzggﬁélon II|W1 a second gate el ectrode oigffg{ng

second protective dielectric fil : :
gate el ectrode, to wherein said first gate insul a{ni g\rlle” ?/%n?ssﬂags

in thi ; :
I, ggrge?ﬁsbrz?izﬁlgifecpnd gate insulation film and wherein said
tilm s mis thinner than said second gate insulation

first gate insulation film is less in thickness than

gate

said second gate insulation film, wherein a side wall
dielectric film is provided at least partly covering a
cross-section of said second gate insulation film and
5 said second gate electrode as well as said second
prbtective dielectric film, §ﬁd further comprising a
first impurity-doped region in said silicon substrate
beneath said side wall dielectric film, and a second
1mpur1ty—doped region in certaln part of said silicon
10 substrate neighboring to said side wall dielectric
f£ilm, said second impurity-doped region being
prevented from locating beneath the side wall and the
gate insulation film. -
62. A semiconductor integrated circuit device
15 comprlslng on the same silicon substrate a plurality
of MOS transistors of a first kind each having between
its source and gate oI between drain and gate an
insulative film of 4 nm or less in thickness, &
plurality of MOS transi;tors of a second kind being
20 greater than 4 nm in thickness of the insulative film,
wherein the first kind of MOS transistors include a
MOS transistor with a maximal gate length while the
second kind of MOS transistors include a MOS
transistor with a minimal gate length being greater

25 than said maximal gate length.
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63. A semiconductor integrated circuit device
comprising on the same silicon substrate a first MOS
transistor having a first gate insulation film, a
first gate electrodé overlying said film, and a first

5 protective dielectric film overlyiqg said gate
electrode, a second MOS transistor having a second
gate insulation film, a second gate electrode
overlying the second film, and a second protective
dieiectric f£ilm overlying said second gate electrode,

10 wherein said first gate insulation film is less in
thickness than said second gate insulation film, and

wherein said first gate insulation film is thinner

than said second gate insulation film.

15



