"A SEM CONDUCTOR | NTEGRATED CIRCU T DEVI CE". The present invention rel ates
tzga sem conductor integrated circuit device, and particularly to a !
t nique that is effective .when adapted to a sem conductor integrated c
cifcuit device 5 which includes a bootstrap circuit ‘constitdh by-a CMOS
(conpl enentary MOS) circuit. We have previously devel ope; jajuiﬁi'z

generator circuit as show. in Figure 1 of the acconpanying draw ngs, which
can be used, for 10 exanple, for a dynanmic RAM (random access menory). In
this timng generator circuit, a boet3trap voltage is shaped by utilizing
an input timng signal [err] and an inverted delay signal thereof, and an
out put MOSFET b5 on the power-source voltage 15 side is driven to obtain
an out put signal " SENICENRVCBPRt RNTBERATEIL GIRECUIH OFYLCEACcording to
this timng generator circuit, an output of a predetermned |ow |level is
formed when push-pull MOSFETs B3, B4 and out put MOSFETs 5, 6 in 20 a
drive stage and an output, stage arF turned .on duri elay time defined

a
from when the input ti mi hge sPEREFPFetfe &6Wb§%%%#%ﬁf$%&%l to when the
inverted del aysesnlu'gggxlud&ggéleo;n£gsgg?‘.§da cliQ'\@JietV%evice ’ %nd
particularly to a technique that is effective when

adapted to a semiconductor integrated circuit device

5 which includes a bootstrap circuit constituted by

a CMOS (complementary MOS) circuit.

We have previously developed a timing
generator circui£ as showr. in Figu;e_l of the
accompanyiﬁg drawings, which can be used, for

10 example, fof a dynamic RAM frandom-écceés memory).
In this timing generator circuit, a bootstrap
voltage is shaped by utilizing an input timing
signal ¢in and an inverted delay signa} thereof,
and an output MOSFET Q55 on the power-source voltage

— 15 side is driven to obtain an output signal at the -
level of the power-source voltage. According to
thie timing generator circuit, an output of a
predetermined low level is formed when push-pull
MostTs 053, 054 and output MOSFETs Q55, Q56 in

20 a drive stage and an output stage are turned on

during a delay time defined from when the input

timing signal ¢in reaches a high level to when the

inverted delay signal thereof reaches a low level.



Therefore,

i ncrggsed

a relatively large through-current flows, resulting in an
consunption of current. When the output termnal is provided with

a “boot strap capacitor 'CB2:to raise the output signal to a level 5

t han t hat

wi th the power-source voltage Vcc at al
al so provi ded,

| ow| evel

conduct ance of the MOSFET (B5 on the power-source voltage side to the total

hi gher

of the power.-source voltage Vcc, a MOSFET b7 which is supplied

out ptheaefdeegr iabac ladwe 1yt HErrforthrddh+airvemt f bews,

times through the gate thereof is
to ensure the withstand 2ol tage of the out put MOSFET (66
with respect to high-level output 10 signals. In order to produce a

conduct ance ofreBel&émbaﬁkyamommmﬂaaﬁaﬁxﬁﬁﬂSumyiﬁOﬂiﬁfrmwtrﬁetlar@ben

Therefore, 15 the size of the output MOSFETs 66, (b7 on the earth-
potential si dethﬁspub'@uéxttﬁé’mrsﬁh e%rfgepr%ébcé%%l‘i-‘a‘th ) Reeestxabely | arge

| ayout area therefor. nam ¢ -RAM whi ch requests, such a tinmng ?enerator
circuit is desEPPBEdtOF Gét igo rr?lﬁ.?paFrﬂ?sé‘Q‘EPLFat%%ﬂnilal'éP@eheKB

82282/ 1982_and Ja anese Pat lication No. 164831/1982. |t is an object
of the prelent PRAPER: | ?ﬁﬁbéﬁﬁ

devi ce i ncl udi
known circuits
sem conduct or
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bgtl%gr %t Q}dccm %fl ({%.%ecse through the gate thereof is '’

also provided, to ensure the withstand voltage of the
output MOSFET Q56 with reépect.to high-level output
signals. 1In order to produce a low-levél output as
described above, therefore,.the ratio of the
conductance of the MOSFET Q055 on the power—Source
Qéitage side to the total conductance of the serially
connectéd MOSFETs Q56, Q57 must be large. Therefore,
the size of the output MOSFETs Q56, Q57 on the earth-
potential side must be extremely large, necessitating
a relatively large layout area therefor.

A'dynamic RAM which requests such a timing
generator circuit is described in detail in Japanese
Patent Laid-Open No. 82282/1982 and Japanese Patent
Application No. 164831/1982.

It is an object of the present invention
to provide a semiconductor integrated circuit device
including a bootstrap circuit which consumes less
powef than the known circuits.

It is another object of the present invention

to provide a semiconductor integrated circuit device

(7



ntegration. According to a first aspgct of the present invention there g§
rovi ded a semiconductor integrated 5°circuit including: (a), a boosting
capaci tor connected between -and output node and a boosti,ng si gnal node f or

recei ving a;Reqsiding § Hi¥tstdtp ciPER Civibl £OAPI266Ng Ridhrst 10 | GRET
of a first conductivity type for chargi ng said boosting capacitor and a

second | GFEfegfrea DACAMEGticdA ity type for discharging said boosting
capacitor, -wherein said first and second | GFETs are driven conpl enentarily
by an input signal; l13hcourdinyg aco evefbesttuaspedtiofii bhéei pgesknient
connected in series with the source-drain path of said first | GFET for
preventing tinwehtdwrofthenevis Eraovidedta t $eniepndactiori istegtrERd - 4-
According to a second-aspect of the present invention there is provided a
sem condlct ei riowidgriatedhding:

3- including a bootstrap circuit which realizes a high degree of
)

(a) a boosting capacitor connected between
and output node and a boosting signal node for
receiving a boosting signal;

(b) a CMOS circuit comprising a first

10 IGFET of a first cohductivityltype for charging LJ
said boosting capacitor and a second IGFET of a
second conductivity type for discharging said
boosting capacitor, -wherein said first and second
IGFETs are driven complementarily by an input signal;
15 and

(c) a reverse current inhibiting element
connected in series with the source-drain path of
said first IGFET for preventing the flow of a reverse

current through said first IGFET.



cifcujf including: (b) a CMOS circuit conprising a first IGFET 5 of a first
conductivity type for charging said boosting capacitor and a second | GFET '

of “a Second conductivity type for discharging said boosting capacitor, :
wherein said first I'GET has a gate coupled to an input node and has its c7

source-drai n path connected in series 10 between a first power supply
termnal and sai d out put node, and wherein, said second | GFET has a gate
coupled to said input node and has its soutce-drain path connected in
series between a second power supply term nal and said output node; 15
(c) athird | GFET of said second conductivity type connected between the
source-drain path of said first | GFET and sai d out put node and a driving
circuit coupled to a gate of said third | GFET, and i ncl udi ng neans for
driving said third IGFET into an off state 20 »in synchronismwth a
boosting signal supplied &coandinghd ihgsererdl aspacttofcsher oresend third
| GFET to prevent, the flow of a reverse current through said first | GFET;
(d) a first del APVantdon HQES df RN ﬂr?%‘?h§°gﬁi3ﬁ519rnaa§e§ﬁ&t§ i d
boosti ng signal node .to ge enfle said boosting signal as a del ayed signal
based on said'dﬁ¥HQHj§ﬂ§$é;9 MErein said driving :

(b) a CMOS circuit comprising a first IGFET
5 of a first conductivity type for charging said boosting

L | . capacitor and a second IGFET of a second conductivity
type for discharging said boosting capacitor, wherein
said first IGFET has a gate coupled to an input node
‘and has its source-drain path connected in.series

10 between a first power supply terminal and said output
node, and wherein 'said second IGFET has a gate coupled
to said input node and has its source-drain path
connected in series between a second powef supply
terminal and said output node;

15 : (c) a third IGFET of said second conductivity
type connected between the source-drain path of said
first IGFET and said output node and a driving circuit
coupled to a gate of said third IGFET and including
means for driving said third IGFET into an off state

20 in synchronism with a boosting signal supplied at
said boosting signal node to control said third
IGFET to prevent the flow of a reverse current

through said first IGFET;



5 circuit is coupled between said driving signal node and a gate of said’
YNiird | GFET to control said third IGFET in accordance with said driving_,
Cg%§§5gnal and wherein said driving circuit conprises a CMIS inverter having a-
air of | GFETs of opposite 10 conducth;ity each having a gate coupled to

said driving signal node and having ttheir respective source-drain paths
coupled in series between said first and second power supply termnals with

a node between the respddt av€irey deliypicipeale obupded betlEeRl pair
coupled to said gate of said third I GFET; (e) a cutting IGFET having its

sour ce- dr ai napathvingpsédnadt wede tarad ged B4 obosatiinghsi gna®-Rbdend said
driving circuit, and having its gate 20 coupled to a reference potenti al;
and (f) a prooegenegatkesaid bowgstacthdesivpeal sasdaodepayedoddgnad t he
source-drain path of said second | GFET. According to a third aspect of
the present basedtoonsahidr driiyigrp\didpia b, sehereinusand detiednhated circuit
device including a bootstrap circuit which includes: (a) a first MOSFET of
a first Tondatrevityisygeuptiesh hedmsieressaidi dplvingnsiagnailgnaldet hr ough t he
and a gate of said third IGFET to control said third
IGFET in accgrdance Qith said dtiving signal and
wherein said driving circuit comprises a CMOS
inverter having a pair of IGFETs of opposite ;J
10 conductivity each having a gate coupled to said
driving signal node and having their respective
source-drain paths coupled in series between said
first and second power supply terminals with a node
between the respective source-drain paths of said
15 IGFET pair coupled to said gate of said third
IGFET;
(e) a cutting IGFET having its source-drain
path coupled between the gate of said third IGFET ;4
and said driving circuit, and having its gate
20 coupled to a reference potential; and
(£) a protecting element coupled between

said output node and the source-drain path of said

second IGFET.



gate t hereof, and of which the source i s connected to a power - sour ce
vol tage term nal .’ (b) a switching NCSFE@ of a second conductivity type
whi-ch™'s connected in Series with said first MOSFET; (c) a transfer-gate
MOSFET of sai'd second 5 conductivity type which is connected to the gate o
said switching MOSFET and to an output node of a CMOS inverter circuit

whi ch receives a signal tRAacordling ymnechrudnixinaspdrta dboilss rpresdrar t
timng signal, the gate of said transfer-gate MOSFET being connected to 10
sai d power - sour cénvehtaga ttdveriendls pbvideskcomemNERFRUCOS al it egxoaketl
conductivity type which is connected between the source of said swtching
MOSFET and an eafikcpétedevdicepdinnludimyg vhihertlod@ R it iwibigh t i ni ng
signal through the gate thereof; 15 and (e) a bootstrap capacitor of which
one terminal is éﬁﬁgé‘é@éd to the source of said swtching MOSFET to provide
an out put signal node and which is suppli ith said bootstrap-start
timng signal through the ‘G’he fé‘rt%‘f%dé%#mr%{e%ﬂn e ‘b‘?réé‘é%tlY% ntion

il be d i bed ' .. d il .b f. ex | es, wi,th
111 o e desclybadhd o S el o ewe s AIOTRUER AR cbRacS

gate thereof, and of which the source is connected to

a power-source voltage terminal.



5 Figures 2A and 2B are circuit diagrans of a seniconductor. *

nory devi ce; Figure 3 is a circdit di agram of a first enbodi nent Q&'a
otstrap circuit used as a timng generator circuit according to the = -
present invention; 5 Figure 4 is a waveform di‘agram whi ch

illustrates the operation of this embodiment; Figure 5is a circuit diagram
illustrating the circuit PDCR of Figure 2A in detail; and Figures 6 to 13
are circuit diagrams th)ilauswitchingMOSFET iof &n$econdntendudtiority
bootstrap circuit. Figures 2A and 2B show a circuit diagramof a dynamc
RAM i n whi &tYRehavhbich sis apoanectied din tsariveseithisatdt ForstaMOSFERed. I n
these 15 figures, a nenory array MARY is constituted by dynam c nenory
cell's, and peripheral {(€}rcai t5ansfesofgatin MOSFET hef dsasingecaond
constituted by CMOS static circuits. The circuit elenents are forned on a
sem conducteandu@sivhte, t¥penhwhd clo is stonnegted yoo athe bgatenwdntsaidi|
t echni ques for prpduciqg MOS integrated circuits.
switching MOSFET and to an output node of a CMOS
inverter circuit which receives a signal that is in
synchronism with a bootstrap-start timing signal, the
gate of said transfer-gate MOSFET being connected to
10 said power-source voltage terminal; J
(d) a second MOSFET of said second conductivity
type which is connected between the source of said
switching MOSFET and an earth-potential point, and which
receives said input timing signal.through the gate thereof;
15 and
(e} a bootstrap capaciﬁor'of which one terminal
is connected to the source of said switching MOSFET to
provide an output signal node and which is supplied with
said bootstrap~start timing signal through the other ;4
20 terminal thereof.
The present invention will now be described
in greater detail by way of examples with reference
to the remaininé'figures of the accompanying drawings,
wherein:-

25 Figures 2A and 2B are circuit diagrams of

a semiconductor memory device;



i

I n*t he ‘enbodi ment, N-channel MOSFETs are forned on a P-type sem conduct or
substyate of a single crystalline silicon, and P-channel MOSFETs are forned
on*N-well regions which are 5 formed on the sem conductor substrate by

usi ng such téchniques as |ocal oxidation technique and sel f-alignment. q
the device, the Sem conductor substrate actg as a conmon substrate gate

el ectrode of the N-channel MOSFETs, and the’ Nwell 10 regions act as
substrate gate el ectrodes of the P-channel MOSFETs. The sem conduct or
substrate is held at earth potential (first reference potential) of the
circuit -and the N-well regifdirg & HE ® f1rchonediagdmpm ol or t byesticc
(about +5 V) 15 of the circuit. In the foll ow ng descrjption, the MOSFETs
(i nsul at ed- gat e PMEPGiIBEMECOS P RIWSHAP HiF ettt 1seheaR-2 heHAENT t ype,

unl ess ot herw se st at ed. Exanpl es ngé{mmré’ cells wthin menory array
M ARY are repr es8FPEF{RIFGECBA ARFIBEIRL LPathe RATFIRE i n whi ch

i nput / out put nodes ofta lurality -of menmory cells constituted by MOSFETs
QL5 to Q18 for séP@E?ﬁﬂégPhe address 5 and MOS capacitors -for storing

data are conngct ed to a-pairrigqueoazlr ailg Pa{ M@f?ﬁ%ﬂé’rmt@hiéﬁes D, 5,

mai nt ai ni ng
illustrates the operation of this embodiment;

Figure 5 is a circuit diagram illustrating
the circuit PDCR of Figure 2A in detail; and
Figures 6 to 13 are circuit diagrams
10 illustrating alternative embodiments of the
bootstrép circuit.
Figures 2A and 2B show a circuit diagram
of a dynamic RAM in which the bootstrap circuit
of the present invention can be used. In these
15 figures, a memory array M-ARY is constituted by
dynamic memory cells, and peripheral circuits
. thereof shown in the drawings are constituted
by CMOS static circuits...The circuit elements
are forméd on a semiconductor substrate, such as
20 a silicon crystal, by conventional techniques for

producing MOS integrated circuits.



predeterm ned regularity. Although there is no particular l[imtation ~
éreon, a precharging circuit PCl consists of, for exanple, a swtch- 10
Tng MOSFET QL4 which is connected between the conplenmentary data |ines B
and [err]. A sense anplifier SA is shown as consisting of ‘a'CMXS -
(conpl ementary MOS) latch cireuit nadﬁwgp of P-channel MOSFETs Q7, @ and
N- channel MOSFETs 6, @B, shown as 15 typi cal exanples, and a pair of
i nput / out put nodes thereof are connected to the conplenentery data |ines D,

[err]. In addition, ?!nt gp,%g?ﬁtbt&%g%é&'n%%gargﬂ gq%é%ﬂ.g ation thereon, a

latch circuit is supplie a power-source Vv g err] through

P-channel MDSEEFs Gkd. oRl3 Bhalypd & difitorfyctod ik saxparal el and is

al so supplied wth an earth voltage [err] of the circuit through N channel

MOSFETs QlOgf Gl stihgueaee eanaGined din kA fla p-dHsfepover - switching
MOSFETs QL0, Q| and MOSFETs Ql2, Q13 are also used in conmon for other

sense anpl i bsreTdAarBattofmed2on N-SdDl afdgh gD iKliash fore ot her rows.
Conmpl ementary timng pulses [err] are inputted to the gates of MOSFETs Q10,

Ql2 to abti Yarmetihen theessaizmpldudterr SAibsinchtorgy aneiviqry tim ng pul ses
[err] that lag behind the timng pulses [err] are inputted to the gates of
MOSFETs Qllsuald ©@&8hnikuesi ashécmade oxgvat idre tsariveiamplarider SA i s
oper at ed by . - : '
self-alignment. In the device, the semiconductor
substrate acts as a common substrate gate
electrode of the N-channel MOSFETs, and the N-well
10 regions act as substrate gate electrodes of the

P-channel MOSFETs. The semiconductor substrate

is held at earth potential (first reference

potential) of the circuit and the N-well regions

are held at a power supply voltage V (about +5 V)

CcC
15 of the circuit. In the following description,
the MOSFETs (insulated-gate field-effect transistors)
are all of the N-channel type, unless otherwise

stated. . o



a-Very?snaII read voltage froma nenory cell, the flow 5 of current is
limted by the MOSFETs QLO,. QL2 which have relatively small conduct ances,

so-t Mt the level of the data line is prevented fromdropping. After the

potential differencé between the conpl et®ntary data |ines has been

i ncreased by thi's anplification operation, the MOSFETs 10 Q1l, Q3

which have relatively Epafiglegngficinenoey, caldst Wirteﬁrofhénﬁbz]:‘;?@ﬂrst/?‘)_the
i er [

anplification. Thus, the anpli- fication of the sense anpli : S
di vi ded i nt o MVAR®t @geSrepPeseficedt dnr FigsquRAdand 2B Bydl aed ghiddredr e-
.venting the level of the higher-side conplenentary data 15 line from

droppi ng. A rinwwietodeinpublButputepodeeniodd a ip Iura Xiitguref asemerer¢ellone
circuit portion (i.e. a portion for four word lines). Wrd |ine sel ect

signals for tdengoltuseddbyi HOSFETs Qdpad Q)& B electing coiei sddres of
a CMOXS 20 circuit made up of N-channel MOSFETs (@B2 to @6 and P-channel

MOSFETs 587 tandAM0Shetpeeitore dddr sxordingnaatd @rd dondertréd tdreaout put
of the NAND circuit is Inverted by a CMOS inverter IVI, and is transmtted -

to the gates pdi®. 6f pab@STEls conblemedtaryhidutgh kirds M, NESHETon €2Ening

@1. Al though there is no particular limtation thereon, four word |ine
sel ect tim nga spee@deserpinkdt 2egelafkiwyaduced by conbi nations of a word

|l i ne select timng _
Although there is nc particular limitation thgreon,
8 precharging circuit PCl consiéts of, for example, a switch-
10 'iné MOSFET Ql4 which is connected between the complementary
data lines D and D.
A sense:amﬁlifief SA is shown as consisting of a
CMOS (complementary MOS) latch circuit made up of P-channel
MOSFETs Q7, Q9 end N-channel MOSFETs Q6, Q8, shown as
15 typical examples, and & pair of input/output nodes thereof
are connected to the complementery data lines D, D. Im
addition, although there is no particular 1imitation
'thereon, a latch circuit is supplied with a powere-gource
voltage V. through P-channel MOSFETs Q12, Q13 that are con-
20 nected in parallel, and is also supplied with an earth
voltage Vgg of the circuit through N-channel MOSFETs
Ql0, Qll that are connected in phrallel. These power-
" switching MOSFETs Q10, Q11 and MOSFETs Q12, Q13 are also
used in ﬁommon for other sense amplifiers SA that are
25 -similarly'provided'fc: other Tows.
Complementary timing pulses #pal® afal are

inputted to the gates of MOSFETs Q10, Ql2 to activate the



gnal [err] and decoded signals of 2-bit conplenentary 5 address =

ﬁ%g5|gnals a0, al are transmtted to each of the word lines through MOSFETS -~
4 to Q7. Here, the non-inverted address signal aO and an inverted .

adddress signal [err] are expressed by the conplenentary address signal aO.

The other conplenmentary address signal sitare expressed in a 10 simlar
ranner. The signals [err] to [err] are provaded by a pre decoder PDCR

(err, d??é"i%%ﬁx‘?%w*fégf"é“i?ﬂd AT TR e vord
s 15 PpaftFpafithar TAR b2 5&%@%@@5%% aT not

limted t p o] er portion
DCR (um%%[ﬂ?fgﬁ?tgs g?? g%efDrgr% A o gy e ’jéj

{ransf er rﬁ;‘*‘f\‘%%“%?”‘%%eﬁe*“ “n?%oﬁﬂﬁfﬁ*“f#%@ﬁan%%%%%% %of tyfyj’et ype,
T, Qn CMOS

iﬁ?iﬁi'ei‘% ST %*ﬁ%%’??%ﬁf‘{ Gtk d%@?r%‘ ki thé HEows” ls:ats

tﬁebl ow Io?eée ur nt 1§pu% Si gnapg ‘Fﬁ ]mﬁﬁ'?:arr ijgﬂﬁhe se‘f%c*?v%e O

lines [eQﬂléf&¢€i§]sﬁﬁflhEEﬂdEEtEBQelOW"”ﬁﬂafﬂﬂﬂéafJVEl of the

data line is prevented from dropping. After the potential

difference between the complementary data lines has been Lo
increased by this amplification operation, the MOSFETs

10 Qll, Q13, which have relatively lerge conductances, are
turnecd on to speed up the amplification. Thus, the ampli-
fication of the sense amplifier SA is divided into two
stages, incorder fo read out data at high speed while pre-
venting the level of the higher-side complementary data

15 line from dropping.

& row decoder R-DCR is represented in the figure
as covering one circuit portion (i.e. a portion for four
word lines). Word line select signals for the four word
lires are shaped by a NAND circuit consisting of a CMOS

20 circuit made up of N-channel MOSFETs Q32 to Q36 and
P-channel MOSFETs Q37 to Q4l that receive address signals
a2 to ab.

The output of the NAND circuit is inverted by a
CMOS inverter IV1, and is transmitted to the gates of

25 MOSFETs Q24 to Q27 through cutting MOSFETs Q28 to Q31l.



resetting MOSFETs QLO8 to [err] are driven to their ON states by the high

out pyt |evel (about the power supply voltage [err]) of the inverter |Vlf<
When The signal [err] ts raised to the high | evel, one of the output

signals [err] to [err] is raised to the high level. Namely, if the inteeng
ranct or MESFET [orr] iALHRPUED otBREE CRpcpa, Batddsuins dledtaston
thi s, the si oibiekanty Te5F ratd’ PHAE aeRelr Fonere sasRatH o0 dRifall
Griven to chePFodiced L gehbifetoths THE a°uB58 YRReTLRITET aleng ) ' °
Slﬁg“;“chzﬁng:sitg&taﬁln*?éq%eéiégwﬁé%i%ﬁ‘é‘é'ﬁéﬁf?f?r% N FRBR LR AR gate
. The. | = e | .
Thor ef ;32, maﬁ%ﬁsé e TLdy ?‘?é,fzé%ealt%ﬁbfgé%‘%‘éb:%ﬁi‘ﬁ#}ﬁﬁ%:ﬁ{z 354
E?Qﬁafl forr {j TRheh TR HoRERTE] Q2f En R2TT .o M5 d e Ko ek adoun
| ' BE I S ¢ | cal |
cur oft by neORsAs P ate Dgao HRerBh 1R YERE haghireles b BhLTAY e ¥
VOSPETs 05 (G fidded VS nd"Bbhp 988t ARG bAIESs° 1R UE, il
other complementary address signals are expressed in a

— 10 similar manner. The signals $.00 t° y1] 8T provided by
& pre-decoder PDCR which decodes the intermal complementary
address signals a0, a0, a, and &, to generate signals %400
to ¢.49] in synchroﬁism with the word seleétion signal ¢,.
Details of the pre-decoder PDCR are shown in Fig. 5.

15 _ Refer:ing to Fig. 5, although the invention is
not limited thereto, the pre-decoder PDCR can be comprised
of a decoder portion DCR (CMOS NAND circuits Gl to Ga, and
CMOS invertéfs IV g to IVy4), cutting MOSfETs Q100 t©
Q03 of N-channel conductivity type, transferring MOSFEIs

20 Qg4 to Q107 of N-channel conductivity type, resetting |
MOSEETS Q108 to Q111 of N-chgnnel conductiyity type, and
a CMOS inverter 1IV,,. |

The circuit operation of the PDCR shown in
Fig. 5 is as follows: _
25 = \ When the word selection signal ¢, is held to the

low level, the butput signals $x00 t° Py11 of the selection



@zéifduced under their gates by the | ow output |levels of the DCR Returning to:
“Figs. 2A and 2B, MOSFETs 20 to 23 are provided between the word |ines and
earth 5 potential, and the gates th?geof are supplied with the outpdt -
of _the NAND circuit, so that word lines'that are not selected are-held at
earth potential. The word lines are provided with reset”" MOSFEFs QL to Q4
whi ch ar dinesie8LontoéySLhearecheitd eb ahecden (L&) [einide dle reset 10
the selected word" lines to earth level. A colum switch GSW which is
repr esentmesettithg MOS&E‘ésbqlg@SEETQ 2ar@d3river to defrctdwel y connect
the conpl enentary data |ines™D, [errf nd common conpl enentary data |ines
CD, [err]stavescbpctheihhgh dutputslevelt Habouiturthequosder pYFyi s
inputted to the gates of these MOSFETs 42, 43. The colum decoder C-DCR
decodeseﬂhﬁ&ﬁsﬁsV@@hlefrebeiiauetmGWIﬂW (col um address buffer Y-ADB which
receives input address signals A9 to Al4"and converts these to signals a
to 20 - Whénpthehaighad n?SEETrQ4$ngﬁaﬂtthhighlﬁdﬂhk&
precharging circuit PC2 simlar to {'he one descri bed above, is provided
bet ween GnnmumfcbhpleukpuaryigaaislMQ%% GD,ﬂ%?f]is(radﬁeﬂlEﬁEtNOHHECtEd a
pair of input/ outfut nodes of a maifn ‘anplifi"er MA which is constructed 25
in the saighrakenel as Namedpnsdfatbe finderssl dddrdss signdlgu
denotes a data input buffer, and DOB a data output buffer.
and EI assume the high level (about VCC)' the transfer

& D B

MOSFET Q) is held to the ON state, and the ¢, is
10 transferred to the line SL, through the MOSFET Qg4 In
' accordance with this, the signal ¢.00 1S raised to the high
level. Remaining signals ®.01 tO ¢xll'are held to the
low level since MOSFETs Q;p¢ to Q;yy &re driven to their
OFF state by the DCR.

15 Here, the MOSFET QIOA in the ON state has &
large gate capacitance between the gaté electrode and a
channel region induced at the semiconductor surface under
the gate electrode. The gate capacitance acts as a self-
bootstrap cépacitor. Therefore, when the signal $, is

20 raised to the high level, the gate of Q;q, is boosted to
a higher level fhaﬁ the high level of the signal Bys and
the signal ¢, is transferred to the.line SL, without any
voltage loss. At the time, the cutting MOSFET Q4 is
automatically cut off by the boosted voltage of the gate

25 of Q)p,+ Remaining MOSFETs Qy45 to Q;q, have a small

gate capacitance since there are no channel regions



Alfhough there is no particular limtation thereon, an automatic refresh
circugy REF contains an address counter which forns a refresh address

si gnal., " and a timer circuit. which startg4to operate when a refresh cofitpol
S|gnaL-[err] sent t hrough an external 5 term nal reaches a |ow | ev
That is, if the refresh control signal [err] reaches a Iow | evel when\th

chip select dinghaled amder sthéin pages! Byekhet D@wa%(t@%tﬂ QAdviTEde circui t
REF generates a signal [err] for switch-"ing the multiplexer MPXto the

side of the ader &GR.10 counter. The multiplexer MPX is also coupled to
receive the output signals aOto a8 of the row address buffer X-ADB which

converts input addresRetwrmisg|torFigs.[ 2Ar knido 2Bhe MOSPETss Q2D tep a8. The
i nternal conplenentary address signals aO to a8 shaped by the address
counter 15 Q2% arzepirdvidéd between dheoderdRiDARs WY @aqre, word line is
selected to effect the refresh operation (auto- matic refresh operation).

The address potentridlncrand nehe sgapes thecepf erecsuppldied Witipriie!
signal [err]. By repeating these operations for the nunber of word 20

lines, therebatputaldf ttie MbAND yetetuitcasobeheel worded ineds tthat afresh
control signal [err] is maintained at its lowlevel, the timer circuit

gener ates a mpalts sediectedaate phelldt atneaedht i petemttq_@\z,a,l The RgEyrent t he
address counter, so that the refresh operation is perforned con- 25

ti nuously duﬂmngsfiﬁer;xdvtﬁed with reset MOSFETs Ql to Q4 which are
W turned on by the receipt of a reset pulée ¢pw"t° reset
10 the selected word lines to earth level.

A column switch C-SW, ﬁhich is represented in
the figure by MOSFETs Q42, Q43, acts to selectively
connect the complementary data lines D, D and common
complementary data lines CD, 'CD. A select signal from

15 the column decoder C-DCR is inputted to the gates of
these MOSFETs Q42, Q43. The column decoder C-DCR
decodes address signals received from the column address

(L buffer Y-ADB wﬁich receives input address signals AS

to Al4 and converts these to signals ag to a;,.
20 A precharging MOSFET Q44, which constitutes a
precharging'circuit PC2 similar to the ome deséribed
~above, is provided between common complementary data
‘lines CD, CD to which are conmnected a pair of input/'
output nodes of a main amplifier MA which is construcfed
25 in the same manner as the sense amplifier SA. In the

same figure, DIB denotes a data input buffer, and DOB a

data output buffer.



to ao9. a9 to al4 are detected by an address signal change detector,

cuit EG Based upon a detection sigpal [err] generated by the address#5 *

nal change detector circuit EG a Mﬁite enabl e signal [efr], and a chip
s€lect signal [err a timng generator circuit, TG generates dll the
i‘nternal timng siél&hQusbqﬁgﬁéG g nohPaftiqulan tinteation esh
operations. Therefore, timng contyol from external eguipnment can be
sinpl i fi ehergenioan a’e‘ﬁéméégi‘:CE Fieshe Gidhfiidd REE¢onteins Antati c RAM
Since the nory cells are_conprjsed with one-MOS type of a dynam c type,
the menor8QeE®sEi sguaaﬁrbshﬁﬁgf ém. 8 refxaah ddress sian@ﬁeration of
precharging the nenory array is at an internediate | evel of about Vcc/2, by
sinmply 13nd &nhbiwe¥i edgrulsyWhHehhsitarss dehpremeteryhent& |ines and the
pair of co=gn conpl enentary dataikgﬂﬁs, t he charge | evel can be kept snal
conpar ed Mg £¥e8NsGERERPILN SHBNE RS thTough fartexternsdo to V The
pregharging MOSFET can be turned on when not 20  saturated, even when an
or dPnary texméngbyepaches) & doxpdievied .+ o That ghs o ihictherrefreshdingly, the
prechargi ng can_be done i gh speed, and the consunption of power can be
reduced. SORErohnshEnAd ﬁﬁhé’ﬁ@@h%ﬂ/eﬂ Joy devel othen the aghipt er medi ate

| evel which is approxi ely Vcc/ 2, 25 the MOSFET for selecting the
address iseleetné pylc | 45 at a high level, the automatic

%%E the RAM of this enbodi nent, changés In conple- nentary address_signdis '
g

refresh circuit REF generates & signal Bref for switch-
ing the multiplexer MPX to the side of'the address

10 counter. The multiplexer MPX is also coupled to receive
the output signals 20 to a8 of the row address buffer
X-ADB which converts input address signals Ag to Ag
to the signals 80 to a8. The internal complementary
address signals a0 to a8 shaped?by the address counter

15 are sent to the address decoder R-DCR, where one word
line is selected to effect the refresh operation (auto-
matic refresh operation). The address counter incre-
ments upon receipt of each refresh control signal RESH.
By repeating these operations for the number of word

20 lines, therefore, 2ll the memory cells can be refreshed.
1f the refresh control signal KESH is maintained at its
low level, the timer circuit generates a pulse after each
predetermined time intervel to increment the address
counter, so that the refresh operation is performed con-

25 tinuously during this periocd.



can befturned on when not saturated, even when the ordinary |logic | evel
[err] is used as the gate voltage (word |ine sel ect voltage), and the

menory-cells can be read at high. speed. A reberence voltage for the
S b@ged upon the’'precharge level of a data line that does not select| i
1. Theref b ' || Lt
gener ot e the referenca™ S Y F BEEF bRoGHERSHEY, Prangédath Eomols
| ect ed : ' | .gf th | ' i ntai ned
the same o PRECRENadBSRE iilal S0l *tB a5 |7 89" e R3S Wbl 1
i it _ . . .
w1 Len It OdbBERURYY S YSNE hhnd? chefiBRRRERRLBY BRI BE
dd W o , Finia ,
fherofore. T Rasaar R &' B¢ttt fin B L 08 OB CRPHERE LB b Fhe WAGRES, .,
-sourcesvolt?ggnhgrgma detector Ciﬁngt §G|saawgi?graghg&Fg§g%§%?rred

enbodi nent o boot str circult whic usell fo ralse

hi ghor than VRS aaind SHIE SEAGE S8R TER, b OKORARRORERekachE RarRide

LD R GBS SN Yt 8B LTGROl
the write, read, and refresh operations. Therefore, timing
cbntroi from external equipment can be simplified, and

-/ 10 the device can be handled.easily like a static RAM, Since
the memory cells are comprised with one-MOS type of &
dynamic type, the memory capacity can be increased. 1In
addition, when the opefationlof precharging'the memory
arrey is at an intermediate level of about Vee/2y» by simply

15 short-circuiting the pair of complementary data lines and

thé pair of common complementary data lines, the chargé

level can be kept small compared with & system in which the

charging is effected ffom 0 to VCC‘ |

The precharging MOSFET can be turned on when not

20 saturated, even wher an ordinary logic level (VCC) is

applied to the gate thereof. Accordingly, the prechirging

can be done at high speed,_and the consump:ion of power

can be reduéed. Thus, when the precharge level is selected

to be an intermediate level which is éppfoximately VCCIZ,

25 the;MOSFEf.for selecting the address in the memory cells

can.be turned on when ﬁof'saturated, even when thé'ordinary

logic level (VCC) is used as the gate voltage (word line



S d as an input signal to the next bootstrap circuit. 25 Nanel y,”

t verted input timng signal is inputted to the gate of a P-channel ;
MOSFET Q60 which forms part of an output circuit on the power-source 3¢
vol t age side. An N-channel MOSFET Q6{7i s connected in sertres with the

MOSFET Q60 to formpart of the output circuit on the power- source voltage

arth -porapek VRTARY P lndXehd ngey o1 bLbEn RetkRH s€LBIERL OF (ne

earth -potenti al e-are e of the

N channel sJESRET @ keFuteris A THagk £0 e PELER! 12! pasllCufBiehpesolr o°

voltage V° is applied at all tines ate 0

i ncr easea?hgcﬁggh@ \y'et‘;égt FH g/cag‘[ag%ﬁfle og“pytdg@Fgé't%E%rQ?twgﬁeart h

- pot ent i side.” That is, as wl e describ t he

output sigabryOk 10t ad dfcre | i £8 06 ALBEETo Bhpisyr @i Sed by the
ol Tage Fery],

bootstrap effect to hi gher than the power-source v the drain

vol thge Ofuide§FEe10Ld e €8 Sele ffe%?ﬁéénig GBfﬁﬁggsggﬁe?@aﬁ%gé of

power - source voltage [err] less [eri ' _ hol'd"vo

e o ooy YEH FAIYMe (RO p FoChRE LRl LTyget e

e EReYEReE AT el Aeel DML M8 BREhEAR (11

through agahechantgle DoRRH-YoldeE voltage Veor the level at which

the data is written into the data-storage capacitor
10 decrgases by & quantity corresponding td the threshold
voltage of the MOSFET Ql5 for selecting-the address.
When rewriting data after & read operation has been
finished, therefore, the word line seléct level must be
kept higher than the power -source voltage VCC’

15 Fig. 3 is a diagram of a preferred embodiment
of a bootstrap circuit which is used to raise the level
of timing signals, such as the word line select timing
signal ¢_, to a level higher than the power-source
voltage. |

20

Although there is no particular limitation
therecn in this emboéiment, the input timing signal ’i#
is inverted by a CMOS inverter circuit 1V2, and is
supplied as an input signal to the next bootstrap circuit.

25 Namely, the inverted input timing signal is inputted to
the gate of a P-channel MOSFET Q60 which forms part of

an output circuit on the power-source voltage side. An



MOSFET @64 whose gate is supplied with the power-source voltage [err] at
all -times. Although there is no particular limtation thereon, the
luxnﬁﬁmép-start'tining signal [err] is gnerated froma delay circuit

whch is supplied wth 25 the signal [err], so that .the bootstrap-st

tim ng si gnal Nesharinele MOSEET rQé€bets connpretedgdnl sjeades. withe thers
inverter circuit consists of a P-channel MOSFET @5 and an N-channel ET
66: Accor di nMOSFEThiQs Ertmdfemmtpantt abughet putputs cia cydst ionuithe power-
limtation thereon, a P-channel MOSFET Q67 is provided between the
power - sour ce sohurage wtage nside . Nochannel MOSFET s\@62:T Qs that vons
CMOS inverter, the P-channel MOSFET (67 receiving a signal generated by an
i nverter circ@ititore @ QuEReE| GEECHAE Pﬁvéh@eﬁarﬁbut‘m%'ﬁ'd‘éi Fide gﬂﬁs

P- channel MOSFET Q67 acts to prevent the bootstrap voljage i ng pull ed
toward the powrag&mtemose’é [ReFyees; &gei ﬁ%&esiqfhatt?\?oﬁ‘e'ﬁwﬁseho

that the signal Obmreturns to the Low | evel in synchroniﬁﬁlmﬁ h the
boot st r ap- st aMOSEER RPLi amd| the, Ppins, pfcearkhhn Potentifl « i Mhfy ROVEET

[err]. This will beconeg obviogus fromthe operatiqgn described |ater. An
output tim ng sounee YektagesVept 4FnaPLies dite 8ld times k& thejsake t
out put MOSFET 61. In order to raise the |eve of the ggﬁput timng ;&gnal
[err] to hi ghdOSEER @62 powbnczeaseethel drddn sdghstanshtalt Rt
B | ' . _

'S pro MOSFET Q63 on the earth -potential side. That is, as will

" 10 pe described later, when the output signal ¢ obtaiﬁed

out
fror the source of MOSFET Q61 is raised by the bootstrap
effect to higher than.the power-source voltage VCC' the
dreir. voltage of MOSFET Q63 is suppressed so that it does
to exceed.the power-source voltage VCC less Vth (the
15 threshold voltage of MOSFET Q62). The inverted input timing
signal is supplied to the gate of the output MOSFET Q63.
An output signal form the CMOS inverter circuit,
which receives a signal Pom in synchronism with a bootstrap-
\ start timing signal $y, 1is supplied to the gate of the
20 .  output MOSFET Q61 through an N-channel transfer-gate
MOSFET Q64 whose gate is supplied with the power-source
voltage V.. at all times, Although there is no particular
limitation thereon, the bootstrap-start timing signal ¢,
is generated from a delay circuit DL whch is supplied with
25 the signal ¢, , so that the bootstrap-start timing signal

2N is delayed with respect to the signal dbm‘ The CMOS



/\v ded, of which one electrode is connffiected to the out put term nal, anbl _
W chis th the boogstrap [err]

oo O B ortiia] L nl e S B ef e
Qp]?r at ingf tf 'i%é%;’g%fgﬁ?% Ti ﬁgai't gccfg?q“% \ﬁqr %ﬁé’é?{zﬁ’kﬁf%l ovV\\/h\é\n'nt h
{)gt ﬁr?he ﬁ%%&e‘? nﬁﬁ%ﬁél ggaﬁg fSFF\ﬁ%ujﬁa {Tﬁ'&iggSiEPr 55‘-%%3&' & ni ng signal
R e e L N
e T et W e e Al e o
Si— gh:LnL{WL{E %?ﬁtar %Fr?ﬁg_ﬁrzygllr ?@E@ %jjo)\fqec«rﬁ;ﬁﬁ% qtﬁtglgl/%)slo
rnSertepség%%ﬁ?;éigghg?eggpsggefhgﬁFﬁﬁiﬁegg;:ﬂﬁ;éﬁ ﬁ?ﬁé%v%éﬂ{hFis in
Vol tage AR YehyYe  SapR ot PuiAR Bibayy o138 HeEWenied MosHREY oon
on. 1 he SR A PEDE TR bARNRELRR, Tt rakE KNG T Lo q Eaverd & Node
N3, and G Yfover PEGTPAE 96814058 Vg%'side if the situation occurs
10 that the signal Py Teturns to the low level in synchronism, ;J
with the bootstrap-start timing signal %y, earlier than the
input timing signal $in+ This will become obvious from the
operation described later.

An output timing signal ¢ is obtained from the

out
15 source side of the output MOSFET Q6l. In order to raise the

level of the output timing signal ¢ to higher than the

out
power-source voltage VCC' & bootstrap capacitor CB is pro-
vided, of which one electrode is connnected to the output
terminal, and which is supplied with the bootstrap-start \._,/
20 timing signal ¢, through the other electrode thereof. The

bootstrap capacitor CB is charged through MOSFETs Q60 and
Q61 and discherged through Q62 and Q63.
The operation of the bootstrap circuit of Fig. 3

will be described below with reference to the operation

25 waveform diagram of Figure 4.



enbodi nent, al though there is no particul a”®lim- 20 tation thereon,
bkcﬁzhnél prechérging~NCSEET Q@8 is also provided between the power-sour
vol tage term nal VCOipen bovhdehbinputprdaiimpos iigralngde Nhd Nehé, when
the {‘nput tining signdl [err] reaches a high level, the vel at a node N1
changes to ddovstrap+stabt timénghatighiad ¥ycHamdltHOFIMnPH S Ignalir ned
off, and the P-channel MOSFET 60 is turned on.” As the MOSFET Q60 is .
turned on, t@e kigmel atolowulevedinghei ouxipyte MOSFER Qfadeor\Xtiecearsha
hi gh | evel, t1ifough the N-channel MOSFET 61 which has been turned on. In
this case, gotentbell side &s tureed onwanch the threchartre l NOSEET 368 hon

N- channel 5 MOSFET 61, has been raised to a high level (approximately
2Vcc - §Vth) ohe qpower hsghecet kodtege gdde -isourmed|sffjcbypythéchigh

sel f-bootstrap function, the potential at node N3-is raised to the | evel of
t he power - suppbel voft she favektednsignalcadmdesiNke ofOfHe {¥putatsihing
turned off, the 10 rai sed potential at node N2 does not escape toward
the power-sasigwaYoptage Therkfoviede thehouumits it i g signal % is
precharged by the power-source voltage Vcc when the output tim ﬁ si gha
[err] reachetnedéi NB)| eeekchet5a low level. WHEinaeicthé nounrpist gsbgnékrfiom
reaches a high level so that the bootstrap-start timng signal [err] also
reaches the inverter circuit IV3 reaches a low level to turn the

gat e capacitor between the'gate and the substrate (channel). In this 5 :

10 P-channel MOSFET Q67 on, a high-level éignal.is_generated
- by the CMOS inverter circuit which receives the low-level
signal ¢, which is in synchronism with the bootstrap-start
timing signal ¢,- Therefore, a voltage of VeV, 16
supplied to the gate of the N-chemnel MOSFET Q61 through
15 the transfer-gate MOSFET Q64, so that MOSFET Qél is turned
on, the substrate thereof is supplied with the low-level
'signal of & node N3, and charge is precharged into the
gate Capacitor between the gate and'ihe substrate (channel).
In this embodiment, although there is no particular limi-
20 tation thereon, an N-channel prechhrging MOSFET Q68 is also
-ﬁrovided between the pdwer-source.voltagelterminal Veo and a
node N2, to precharge the node N2.
Next, when the input timing signal ¢, reaches &
high level, the level at a node Nl changes to & low level,
25 .so that the N-chanhel.MOSFET Q63 ies turned off, and the
f;channel MOSFET Q60 is turned on; As the MOSFET Q60 is



/;%;; high level, the output timing signal [err] is raised to a |level high%r *

than the power-source voltage [err], accord- ing to the ratio of the ™
capaci tance of the bootstrap 20 capacitor CB to that of a |oad capac&fbr‘
that is not shown. Since the N-channel MOSFET (66 constituting thé CMOS
inverter eurasdt ons thened gmaldy dueput ntiwing 0edgnsdng thy g&tgodel t age of
t he out put MOSFET (61 reacﬁ:?aalcgyﬁevel thr%ugﬁtthen?PHﬁsfer-gate MOSFET

Q64, i.e. N3MbetbmedSa highl Vewely netrigh tH@ENeéRERnel NMOSFEPURELI M Ng
signal [err] whose | evel has been raised does not flow back toward the

pover - souvhgchHohkagbeletr thurmediomnd Iweshiwtcds@p. sinc¥ehet Pevelgnal
[err] in synchronismw th the bootstrap-start timng signal [err] reaches a

| ow | evel aganbder NChawhiifed i Dputtlie ngage svglhedge cof] the hN-2hahaehel MOSFET
Q1 is turned on earlier because of the signal 5 generated by the CMOS

i nveSter MOSEBTt Q6dndhialse bewrelrafsed to a rkighshbeveny(dpppoximateder to
prevent this, the P-channel MOSFET Q67 is controlled by a signal which is

in phase M{;E t-thi_.r)pwhirduﬁm teighed thanrihe Fpowet heoaboeevoltagan be

seen that an™i nportant , 10 aspect of the present invention isS the

conbi natibp theaselfSband st raptfiirnicyi srapaché opotentital edtt node NBt put
termnal of the CMOS circuit in order to reduce the power consunption and

to obtainisata&bedombthdeﬂaﬁetﬂofexﬁ&gﬁbwnwfumpybytaqhtnbécvcexceeds the
power supply
In this case, since MOSFET Q64 has been turned off, the
10 raised potential at node N2 does not escape toward the e
power-source voltage V.. side. _
The bootstrap capacitor CB is precharged by the
power-source voltage V.. when the output timing signal
?out reacﬁes & high level.
15 When the timing signal ¢, reaches 2 high level
so that the bootstrap-start timing signal y also reaches

a high level, the output timing signal ¢ is raised to

out
a level higher than the power-source voitage VCC’ accord-
ing to the ratio of the capacitance of the bootstrap hd
20 capacitor CB to that of & load capacitor that is not shown.
Since the N-channel MOSFET Q66 constituting the CMOS
inverter circuit is turned on by the timing signal Pom’
the gate voltage of the output MOSFET Q6l reaches & low
level through the transfer-gate MOSFET Qb64, i.e., MOSFET
235 Q61 is turned off. Therefore, the output timing signal
whose level has been raised does not flow back towérd

out
the power-source voltage V.. side and does not drop.



156 ’volgggé. If the CMOS circuit was conprised solely of a conventi or
arrangenent, charges stored in the qutstrap capacitor CB could be

di-scltarged, at the boesting period, thro@gh the MOSFET Q60 in the CMOS

circuit, which is" connected between a power supply 20 termnal and t

output termnal® |1n Whesrthe pignadt gsuchim symotrormismwivitlie Bt strap
capacitor CB, the MOSFET @1 is provid g’in series wwth the MOSFET Q60 as a
swi t chi ng el dmotstoappstertt tdniagr signed W avenrtinte Tw therMOSFET Q60.
25 To give a better understandiﬁb of this pre- vention of

reverse bi asi@Rf bie¥ hthamseh® doputatdmingssdgral gr nat ittee N+chwement s for
doing this, igs. 6.to 13 illustrate further enbdd nents of the

F
bootstrap ci MASRET QeEcbsdsnened om ar ldrexs deicdusecrsf arhe Ilgriaral
nunbers in these figures corresgond to identical elenments of Fig. 3. 5
Turni nd to Figenexatedsbyhthe EMOSsivverteni cixfcditypland artsé rieséDn Whi ch
can acconplish the fundanental object of inhibiting a reverse current bias
of the tran- whihrigsincreaged mayr deropi.nhillni indpreltogriev@nt artié Si ng,
in this case, a diode D. Although this circuit is not as 10 effective as
t he pref erre&WWebfﬁﬁsﬁgTSQﬁﬁ tter conairodiltead tiyn@g wigrdlkathiestsul ts,
It does provide a good basic illustration as a starting circuit of an
arrangenent 1s in phase with the input timing signal $in

From the above, it cén be seen that an important
. 10 aspect of the present invention is the combination of a
CMOS and a bootstrap capacitor connected to an output
_tgrminal of the CMOS circuit in order to reduce the
power consumption and to obtain, at the output terminal,
a high output voltage which exceeds the power supply
15 voltagé. '1f the CMOS circuit was comprised solely of a
copventional CMOS artangement,-charges sﬁofed in the
bootstrap capacitor CB could be dischafged. at the
boosting period, through the MOSFET Q60 in the CMOS
. circuit, which is connected between & power supply
20 terminal and the output terminal. 1In order to prevent
such a discharge cf the bootstrzp capacitor CB, the
MOSFET Q61 is provided in series with the MOSFET Q60 as
a switching element for préventing a reverse biasing
state of the MOSFET Q60. -
25 To give a better understanding of this pre;/
vention of reverse biasing of the MOSFET Q60, and to

show alternative arrangements for doing this,



Chbining a CMOS output circuit with a bootstrap capacitor whereir.
;gu’. sion is nmade to prevent reverse current bias 15 of the charging <™
(5

&

pdt h MOSFET of the CMOS circuit. Fig. 7 Gllustrates a first nodificati opzof

the.sinple starting circuit of Fig. 6 id3whi ch the diode D of the current
inhibiting circuit CI- has been replaced by a MOSFET 61 ‘of the-N channel

tonibiting i reul | | ace SF : e ¥ chann
oot ti oneF 8¢ 8 Eo, 13781 herx MY Al O Embdl Sl apeTet Mg FET Tor the
transi st Yoddlerdp "eiréhes €A bicebadasiceVaBRA tHe Wéééw'fﬁveﬂﬁgf shows

the use of a diode connected N-channel MOSFET (©1 |'ocated between e

MOSFET QaQ@eid ddE ®eorbér5UPR! thede fighiredd t '
requires being able to separate the sulggrr ate gﬁéfpoﬁﬁéejopc télen#e?INDSFETs

fromtheg # Yrig neg, (e. g. where the P-channel MOSFETs are fornmed
w thin ana%l-%ﬁ%]regi oir's. %I gures 9 to 11 illustrate three possible

| ocgti ons and ci r oy apgepept s gof ' ‘ Pﬁt@.gp@l FET
QBl.s In the case g%“i&?%éengFggd fd, l:ih}:]% m‘?} qs:cgo%cec(% ed -ch%%ﬂr:l)gl '
MOSFET i t ; a%%’ﬂ f Figure
11 the d?gﬁlgﬁﬁ?%ﬁggﬁgnﬁgﬁwg&gg IS C nne%?&%g‘%ﬁﬁ?gomr

suppl y V@H&w \of fAMibieilESEETeetse turterm Wikd of fhélkrad. it is
possi ble 10 to prevent discharge of the bootstrap capacitor CB
sistor Q60 using & current inhibiting element CI comprising,
in this case, a diode D. Although this circuit is not as
10 effective as the preferred embodiment of Fig. 3 in terms
of obtaining practical results, it does provide a good
basic illustration as a starting circuit of an arrangement
combining a CMOS output ﬁircuit_with a bootstrap capacitor
whereir. provision is made to preveni reverse current bias
15 of the charging path MOSFET of the CMOS circuit.

Fig. 7 illustrates a first'modification of the
simple starting circuit of Fig. 6 in which the diode D of
the current inhibiting circuit CI has been replaced by =&
MOSFET Q61 of the N-channel type. Figs. 8 to 1l show

20 variations of this regarding different positions of the
transistor Q61 and the.use of & P-channel MOSFET for the
trensistor Q61 rather than an N-channel MOSFET. In
particular, Fig. 8 shows the use of a diode connected N~channel
MOSFET Q61 located between the MOSFET Q60 and the power supply.

25 It should be noted that this requires being able to
separate the substrate gate of the P-channel MOSFETs from

the power supply lines (e.g. where the P-channel MOSFETs



\ .

- ki
by* usihg Q1. However, since the P-channel MOSFET Q60 is placed between
N-channel MOSFETs Q61 and (63, it is inpossible to forma conmon
semi‘copduct or | ayer of-the drain of MOSFET Q3 and the source of 15
Q1. Xn the circui't "of Figure 7, on the other hand, since the drain of
MOSFET. @63 and the soufce of NCSFET b1 can be forned with a conmon
sem conductor layer, it is possible to redude the area of the circuit
el ements. However, in both the 20 circuits of Figures 7 and 8, since the

vol tage |oss or, 3 thﬁ%@'ﬁ'ﬂ’ﬁ#a&ﬁ‘ Nl‘Pefi' r€ 1Qﬁ‘)‘£"eehfé9?egr gBQloa'i‘i’ t he

source of a FET , precharging | evel e capacCitor S reduced

by a low | evel 1(1[1eJ§dratéeEﬁ}ée Bossible 1ocaEheH5eaﬁa thikesikates a
variation of Figure 7 which is specifically designed to inprove the

prechargi ng | ewgtrHigdenboob 5t & agi6apacbhnecEBa pP-chinhbismesiredi ment, a
driving circuit DRC conprising a cutting MOSFET (Qr0) and an inverter (IVﬂ)

recei ving the femnal ferthei Sapeosfdeilgheedr Bvanihe o, r ghei diede61l. This
i nproves the precharging |level of the capacitor 5 CB since the gate
capaci t ance CG adnnéet¢d aPscBanne QOROSEES as aobuestidgbeipaeint dhe
Therefore, the gate potential of 1 is increased to a |level greater than
[err]. MOSFETs Q60 and Q63. 1In the case of Figure 11 the
diode ‘connected P-channel MOSFET is connected between
the power supply voltage VCC and the MQSRET Q60.
In the circuit of Figure 8, it is possible
10 to prevent discharge of the bootstrab capacitor CB
by using Q61. However, since the P—chanhel MOSFET
Q60 is placed between the N-channel MOSFETs Q61 and
063, it is impossible to form a common semiconductor
layer of the drain of MOSFET Q63 and the source of
15 MOSFET Q6l1. In the circuit of Pigure 7, on the
other hand, since the drain of MOSFET Q63 and the
source of MOSFET Q61 can be formed with a common
— semiconductor layer, it is possible to reduce the
area of the circuit elements. However, in both the
20 circuits of Figures 7 and 8, since the voltage loss
or a threshold voltage'Vth arises between the drain
and the source of a MOSFET Q6l1, a precharging level
of the capacitor CB is reduced by a low level
Vee = Ven!- |
25 Figure 12 illustrates a variation of

Figure 7 which is specifically designed to improve

the precharging level of the bootstrap capacitor CB.



\ J

y .
ure 13 represents a further devel opment 10 of the enbodi nent of Figure *#
wherein the driving circuit DRCis fornmed of the transfer MOSFET 64
ether with the CMOS inverter fornmed by the transistors Q5 and Q66 w@%ﬁh-

are activated by the signal [err] in synchronization with {err]. Also, 1

addi tional elenents such as the deldy DL and various other transistors

shown in Figure 3 are provided for”the purposes discussed previously to

provide a preferred overall enbodi nent of the present invention.

Some of the QMQFQQQEE?&ﬁméH@ CQ”5*59553091%%Eggenﬁeoggm§?§§rhgnnei out put

enbodlnents are as fol sin out put
MOSFET and e msmpwvmﬁ aheln%rw&n?dv% sl tanpgously, and

it is possible to 25 prevent the generation of -a through current “in an

output circiid sdusdl psodisepraviaegetdr d¥gveuthentrahBistoRk@s1l.t possible
to realize a bootstrap circuit which reduces the consunption of power.

(b) becausernifs tivpreasontiyge verechatgingbdeeelt b€ ehepukphoSkbts are turned
on in a conplenentary manner to generate high-level and | ow | evel output 5
signal & TRrsinge, théegate poapadbransentgdofiatbeotrgnaisitormum
conduct ance to shape the necessary
Q61 acts as a boosting capacitor. Therefore, the
gate potential of Q61 is increased to a level greater
than VCC'
Figure 13 represents a further development
10 of the embodiment of Figure 12 wherein the driving
circuit DRC is formed of the transfer MOSFET Q64
together with the CMOS inverter formed by the
transistors Q65 and Q66 which are activated by the
signal ¢bm in synchronization with ¢b. Also,
15 additional elements such as the delay DL and various
other transistors shown in Figure 3 are provided
for the purposes discussed previously to provide a
preferred overall embodiment of the preseht ;J
invention.
20 Some of the advantages of the construction
of the above described embodiments ére as follows:
(a) By using a CMOS output, a P-channel
output MOSFET and an N-channel output MOSFET are
not turned on simultaneously, and it is possible to
25 prevent the generation of a through current in an

output circuit which produces a large drive current.

This makes it possible to realize a bootstrap



A :
dtive'current. Accordingly, despite the use of a CMOS circuit, the |ayout
area can be reduced. According to cal culations which we have had carri ¢ Q
outkﬁ;he circuit of Frgure 3 can be formed to a size of about 90@6that(%
the Circuit-of Figure 1. (c) Because of the reasons given in (a) and (N
abové, the consunption of power can be regguced, and a high degree of
integration can be 15 realized, if the bddtstrap circuit according to the
present invention is adapted to a timng generator circuit which generates
word |ine sel eeirenitnyhirhnaedusesdahe Idonsugptdan GivinRyesignals in a
sen1condgctor menory -device in which a nmenory 20 arn%y M ARY is constituted
by dynamic menory cells, (RAdPeRauser Bfhdhe r&asaR 3 Vige b} taRBte vy
CMOS static circuits. Various nodifications of the above .descr.i bed
enmbodi nents ar EPBoSELBIRE. MRSFETSs PARc & VTR &N ridt S SEMRHENR 1 ANnd
vol tage, the MOSFETs may be constructed so.as tp .have a qL h.w t.hstand
vol t age, or nmeW2BBeFelPal8EReh7 tht %‘érg Eiqreé'tﬁlt sa.nqofl °["h'§qvnep %Utplﬁ M ng
signal is fornmed inverte t inverter cij j t e |.[d nat ed.
Al so, when’t heségﬁﬁif'bmq‘fnﬁrgér?g%rbr?&]semov%{ai}ﬂ #ed%ﬁo%ofsgtq}%pq S %r tining
signal Ob is fgpapdaag;d;dehd¥oHet@ande W1 JHIPY didnfesd anay)
drive current. Accordingly, despite the use of a
CMOS circuit, the layout area can be reduced.
s According to calculations which we have had carried
10 out, the circuit of Figure 3 can be formed to a
.size of about 90% that of the circuit of Figure 1.
(c) Because of the reasons given in (a)
and (b) above, the consumption of power can be
reduced, and a high degree of integration can be
15 realized, if the bootstrap circuit accordihg to
the present invention is adapted to a timing
generator circuit which generates'word line select
timing signals or data line select timing signals
in a semiconductor memory device in which a memory
20 array M-ARY is constituted by dynamic memory cells,
and the peripheral circuits are constituted by CMOS
static circuits.
Various modifications of the above
described embodiments are possible. For instance,
25 to increase the withstand voltage, the MOSFETs may

be constructed so as to have a high withstand voltage,

or may be replaced by other circuits. If the input



FET Q7 and the inverter circuit 1V3 which shapes a control signa

erefore, since the signal [err] obviously will not reach a Iom/IeveI\hwj :
before the input signal [err] with this arrangement. Wth regard to the
10 circuit of Figure 3, furthernore, t N- channel MOSFETs may” be repl aced
by P-channel MOSFETs, and-the P-chann& 'MOSFETs may be repl aced: by
N-channel MOSFETs. In this case, the polarity of the power-source voltage
Vcc shoul d bemirgessedal Absforibé tinverged,grdle [igvdrtdyr Gatcdia used as
the timng signal [err]. In this case, the delay circuit DL can be
omtted to I¢2ucant he almbpénatedel eddisbs. whem atheveidpsdr ibdedrenbodi nent s
deal with the application of. the invention to a bootstrap circuit 20 in a
sem condcut®ynekronysuevith thehbaotstRAp-sHagt miginpmidralevr, shoul d
in no way be limted thereto, but can be w dely adapted to bootstrap
circuits i nishEormesh af a Gatp¥t pignademicaheudnmut mayme edanalui t
devi ces_ made up of CMOS circuits, and which generate 25 a |evel higher
than the pofeys- 588r EBOYB| £BgELIPEFE] 13), gtaigsposgible to omigerkh®nduct or

integrated circuit [ncl ing. (a boost.i ng capacitor connected hetween
9 P—channei MoggETgQGQ %n% t%e inv rté% circuit IV3 which

(§;;§ES [err] (as shown in Figure 13), it is possible to onit the in P-channél

shapes a control signal therefore, since the signal ¢bm
obviously will not reach a low level before the input
signal ¢in with this arrangement. With regard to the had
10 circuit of Figure 3, furthermore, the N-channel MOSFETs
may be replaced by P-channel MOSFETs, and the P-channel
MOSFETs may be replaced by N-channel MOSFETs. 1In
this case, the polarity of the power-source voltage
Vee should be reversed. Also, the timing signal ¢bm
15 can be used as the timing signal ¢b. In this case,
the delay circuit DL can be omitted to reduce the
number of elements.
The above described embodiments deal with -
the application of the invention to a bootstrap circuit
20 in a semicondcutor memory device such as a RAM. The
invention, however, should in no way be limited thereto,
but can be widely adapted to bootstrap circuits in the
form of a variety of semiconductor integrated circuit
devices made up of CMOS circuits, and which generate

25 a level higher than the power-source voltage VCC'



arf outbut node and aboosting signal node for receiving a-beosting—s+gnal; 5
(b) 'a CMOS circuit conprising a first IGFETéﬁ a fi Lyi type ,
f or ‘et&rgi ng sai d boosting capacitor and a &zcond |I Mﬂw mmjﬁmF
conductivity type for discharging said boosting c L sai d
first and seconaclXiMSI&s- are driven conplenentarily 10 by an i nput signal
and (c) areverse current inhibiting el enment connected in series with the
source-drain patlh of said Aisenicakiiictor jpntegndted chechivbwinéladinmger se.
current through said first | GFET. 15 2. A sem conduct or integrated
circuit according to cIa|n4Q) aHeeeshirgi capaciter copneatednhetweeng

el enent conprises a diode. A sem conductor integrated circuit
according to cl eﬁ%%t%r@?‘#‘ s%!?‘%l 3 bpes&dngusignali nadei EPRgrecedvinent

conprises a switching el ement A sen1conductor integrated circuit
according to cl & MPStHing e?’rﬁ%%&d swi t ching el enent conprises an | GFET.

A d d dj | 1,
Cever se.cur T cht Iﬂth.eﬁf?fﬁg%i titof FEFFRL snhr Fhlherareor starGPER ong
conductivity typg Cad: Pl ELOCAYEEI 1 0F BOHLCEE" 8hRrgRhY 80:18%8osting

capacitor and a second IGFET of a second conductivity

type for discharging said boosting capacitor, wherein

said first and second IGFETs are driven complementarily

= 10 by an input signgl; and
(c) areverse current inhibiting element
connected in series with the source-drain path of
said first IGFET for preventing the flow of a reverse
current thfough said first IGFET.
15 2. A semiconductor integrated circuit according
to claim 1, wherein said reverse current inhibiting element
comprises a diode.
3. A semiconductbr integrated circuit according
A

to claim 1, wherein said reverse current inhibitiﬁg
20 element comprises a switching element.

4, A semiconductor integrated circuit

according to claim 3, wherein said switching element

comprises. an IGFET.



/x5 first I GFET and sai d out put node, and mherel further ‘-
y onprises a driving circuit coupled to ag E“I E ncludlng means
or driving said third IGFET into an off' sta wWith a = -
boosting signal supplied at said boosting signal node. 10 ’ A
sem conduct or i ntegr & edentiicanductame cinktegrated ne brebiiit t detoediRGi Sing a
first dealy circuit coupled to a driving signhal node and to said boosting
si gnal node tico gjexian dt £ warkiboeidigrevense asraene| ayhibinahgbased on a
driving signal at said driving signal 15 node, and wherein said driving
circuit is edepieadt momprdsesial thind an%E'gnef sdiéd sedondgaenduttividy
third IGFET to control -said third I GFET in accordance with said driving
signal . A s&MRﬁnﬁﬁRﬂQﬁtqanﬁﬁWﬁ%ﬂi?ﬂ?(ﬁﬂ@r%ﬁt%¥ﬂ+%g929ht@fcﬁa%ﬁ16 further
conprisin %n I nput__node for recelvwgg n ut sjgnal and. a power
swi t chi ng'3q tefsht IFHT &9 S CUERGHtR ’l‘h']n‘&]i’e’é%’cl’bl %ﬂl‘?océéFHanput
node and havi ng.a switch current, path co Ied bet wee I rst.po upply
t er i nal anéqé%QfﬁﬂqQWqﬁ}§ﬁ§(ﬁuq 1Vln?3°fECU1t 9P§%£?€oﬁﬂuﬁ?b$ mﬁfﬁarated
cirucit accqr erejn sai r.swtching nprises
%d$Eﬁg %?9%9§M1 &6t Y fegr %Vl%$r%%T$'5§ ﬁsﬁg

an | GFET. 9. to claim
6 or 7, whergiq 3 GAF Ik G %ﬁcl&o&ﬁ’{ézﬁeélth a boosting signal

supplied at said boosting signal ncde.

10 A semiconductor integrated circuit according
claim 5, further comprising a first dealy circuit
coupled to a driving signal node and to said boosting
signal node to generate said boosting signal as a delay
signal based on a driving signal at said driving signal
15 node, and wherein said driving circuit is coupled between
said driving signal node and a gate of said third IGFET
to control said third IGFET in accordance with said
driving signal.
| A semiconductor integrated circuit according _
20 to claim 6, further comprising an input node for receiving ~
said input signal and a power switching element coupled
to have a control terminal coupled to said input node

and having a switch current path coupled between a first

power supply terminal and said driving circuit.



a: MO i nvert er having a pair of | GFETs_of opposi lvity each
having its gate coupled to said drivi n‘@o si gnal Em@mﬂ ',EMHﬂt hei r
resp®eti ve source-drain pathes coupled in serieSs o s first a

second power supply termnals with a node between the respective
source-drai n pahs of ‘saidl s&rEdopductopupheegraseddcdaeitfl acaiotding d
| GFET. 10. A sem conductor integrated circuit according to claim5
further conpri stkaim tutvhegeiGr&aifapowgr15witschiogr €detheaitn qeatpr ismspl ed
between the gate of said third | GFET and said driving circuit, and having
its gate coupl eant BGBETFef erence potential . 11. A sem conduct or
I ntegrate circuit according to_claim 10, wherein said cutting |GFET has its
20 gate coupl ed®to a firsh PEMEFOBGBEEPTt dpkeFERLefo circuit acgardigyuct or
integrated circuit accordin o claim, 10, erein.,said . driving circuit
conprises a GMXCi® %%Feg gv%ngwgeﬁﬁFP EF?SG§E*¥18§p&§ﬁ9¥Hﬁ) L1AKS -
each having its_gate couple . to a.25 driving_signal e, _Aand having their
respective sour%eCHPﬁihn§8FﬁSrc§B§F88 anggfig ggﬁﬁ£%1°€iQR9%ﬁlﬁid second
power supply ternm pals. W d t re (Y oyrcesdrain
patns of sard reppddpEiViby,8reh R dIhEnTEs, SRk R T 1)
A semi conduct or 4} pE eghakegngh’ fliak, 868" #a09ng their respective

source-drain pathes coupled in series between said

10 first and second power supply terminals with a node
between the respectivé source-drain paths of said
IGFET pair coﬁplé to said gate of said third IGFET.
10. A semicondﬁctor integrated circuit according
to claim 5, further comprising a cutting_IGFET having

15 its source-drain path coupled between the gate of

said third IGFET and said driving circuit, and having

its gate coupled to a reference potential.

11. A semiconductor integrate circuit according

to claim 10, wherein.said cutting IGFET has its

gate éoupled to a first powef supply terminal.

12. | A semiconductor integrated circuit according

to claim 10, wherein said driving circuit comprises a

CMOS inverter having é pair of IGFETs opposite

cénductivity each having its gate couple to a

25 driving signal node; and having their respective

source~-drain paths coupled in series between



&>to claim10, further including an inp 5|gna1, and a fourth | GFET of‘~
d-second conductivity type having its gate put node

| ng its source-drain path coupled between a mmmllmmﬂum| y termimaf °

and the gate of said third | GFET. 10 14. sem condudct 6r i ntegrated

circuit according to claiml1, further including a fifth | FGET ‘coupl ed

bet ween sai ¢ jdgtPEndaslec@idl pdwes ostippl dr termpaabsokishi d aeaend | GFET

15. A sem conductor integrated circuit according 15 to claim 14,

wher ei n sai beftiWden |l respasctive pooreetdnginl patht afidshad its

source-drain path coupled in series between said output node and the

sour ce- dr ai rFC%‘aﬁ'lF'u RALS FeupPpRTtangahdsgnts ght sadduphdad JGFETf er ence

potential . A sem condugtor integrated circuit accordin 20 to

cl ai m 15, i n t he Aot EMbFORARCEPTt AN BEEITPY EdEFMeG BSCR power

supply term,nal eni conduc i ntegrated gircyit accordlng to

claim?7, %uFFhéHQﬁﬂﬂ{Rﬂr{f%ﬁp?ﬁvb?FgF éBﬁpFEd BBFﬁeér‘rgéléLi AR%ut node and

Lhe controf f Sl fleg, 5F. 020 Ber AL hARRELSTRY mvme Mitina ng an
o o % S0 a0 0 YD BB poBECy BRI R
path coupled between a first power supply terminal and
the gate of said third IGFET.

10 14. A semiconductor integrated circuit according —’
to claim 1, further including a fifth IFGET coupled between
said output node and the source-drain path of said second
IGFET.

15. A semiconductor integrated circuit according

15 to claim 14, wherein said fifth IGFET acts as a protecting
element and has its source-drain path coupled in series
between said output node and the source-drain path of
said IGFET and has its gate coupled to a reference potential.
16. A semiconductor integrated circuit according ;J

20 to claim 15, wherein the gate of the fifth IGFET is
coupled to a first power supply terminal.

17. A semiconductor integfated circuit according
to claim 7, further including an inverter coupled
between said input node and the control terminal of

25 said power switching element.



5 generating said driving signal as a del ay si i il i nput
signal . 19. A sem conduct or i ntegrategci (rﬂm“ﬂallﬁmlmlw cl ai _
wheket n said reéverse current inhibiting element conpri des™a 8&i otle con d

| GFET of the 10 -second conductivity type. 20. A sem conduct or

integrated cire accordi pg ; ' ] ' :

i nhi biting eleng$ 'conprisgs’%£é§é§§G?%ﬁﬁﬁ%ﬁﬁ?ﬁﬁﬁﬁ?ﬁaﬁfﬁgﬁ% i#%géf@ing
conductivity typg., . 2 - A is s i W P rcdlid ¢ s
according to cl %ﬁrﬁ"jl'? ?Ahé;%ftnhggi %@E\%%gg@g&?féﬁﬂﬁhuﬁf?% e{ée&n%“h‘tung

conprises a thi %%ﬁﬁ%@evgﬂgnmgahﬁacau@e%ﬂ@ deraydirewit Ssogpledst

and second | GFE ving Tts source-drain path coupled in series with

20 the source- Cgé’ixpeé’ﬁtg'ﬁiéfiii?hé hbge! avdl saéd @i vihg signa¥ node for
sem conductor integrated circuit according to claim 21, wherein said third

| GFET is of §m(ﬁéﬁéﬁétEﬁedESlBVBEXVﬁh@esiahal as a Aleldy coignal obased
u

integrated circult according 25 to claiml, wherein said reverse current
}P?LPiting elena?ﬁ ggiapmﬁFﬁtedigﬂaaeries between said first IGFET and a
power supply term nal. 4. A sem conduct or integrated
circuit accordinggto clai nnlsemieoniductaird irtegrsatedireiancuithadcordgng
| 'to claim 1, wherein said reverse current inhibiting
element comprises a diode connected IGFET of the
W - 10 - second conductivity type.
| 20. A semiconductor integrated circuit according
to claim 1, wherein said reverse current inhibiting
element comprises a diode connected IGFET of the
first conductivity type. |
15  21. ) A semiconductor integrated.circuit according
to claim 1, wherein said reverse current inhibiting
element comptises a ;hird IGFET having a gate coupled
to the gates of said first and second IGFETs and

U ' having its source-drain path coupled in series with

20 the source-drain paths of said first and second

22. A semiconductor integrated circuit according
~ to claim 21, wherein said third IGFET is of said first
conductivity type.
23. A semiconductor integrated circuit according
25 to claim 1, wherein said reverse current inhibiting
element is connected in series between said first

IGFET and_a first power supply terminal.



el ement is connected in series between the fi+st—GEET and the out put node.

25. A seni conductor integrated circui ording to claim23 or
, Wherein said reverse current inhibiting eum@m”lulwﬁl{lm
rst conductivity type. 26. A sgqn cond c ircuit

according 10 to claim 23 or 24, wherein said reverse current inhibiting

elenment is an | GFET of the second conductivity type. 27. A

sem conduct &4 4 nt egr at Adsemi condustan dintegvated omecuftt hecoraden ng

clains, wherein said 15 I'GFETs of a first conductivity type are P-channe

MOSFETs and tsniellaigrEls whezedacsad & eNRYSQI cyrrept tnkibithaanel

MOSFETs. 28. A sem conductor integrated circuit according to any one

of the preceliement aigsconnecsed & sexiesnbetweent thei figgtated circuit
is coupled to receive input timng signals at said i nput node and produces
output tim AGREYrand thesargpust pederode, and wherein said output node is
coupled to control the timng of selection circuitry of a sem conductor
menory afray®®6 to sel Acsepisgadaatiaredintegratedocirruins wiaawnding d
menory array. 34 .

to claim 23 or 24, wherein said reverse current

inhibiting element is an IGFET of the first

conductivity type.

26. A semiconductor integrated circuit according N

10 to claim 23 or 24, wherein said reverse current
inhibiting element is an IGFET of the second
conductivity type.

27. A semiconductor integrated circuit according
to any one of the preceding claims,-wherein said

15 IGFETs of a first conductivity type are P-channel
MOSFETs and said IGFETs of a second conductivity

type are N-channel MOSFETs.

28. A semiconductor integrated circuit according N,

to any one of the preceding claims, wherein said

20 semiconductor integrated circuit is coupled to receive
input timing sicnals at said input node and produces
output timing signals at said output node, and wherein
said output node is coupled to control the timing of
selection-circuitry of a semiconductor memory array

25 to select predetermined address locations within

said memory array.

14

of the ™v -



29. . A sem conductor integrated circuit including: (a) a boosting
capaci tor connected between an out put node of said sem conductor integrated

ci rcdrf and a boosting:signal node for receivi ' i gnal ;
CMOS circuit conprising a first | GFET ofza fi rmllmmnm'“ﬂ'mﬂlﬂype fq
chargi ng said boosting capacitor and a second | G-E9 of & secom
conductivity type for discharging said boosting capacitor, wherein 1k sa
first I1GFET has a gate coupled to an input node and has its source-drain
‘path connect ed 4%t seri es DetSREFPROVGEQY HRERFTALEHI G EERAENAPCARE LIRS d

t put de, d wh ' i d s d. | GFET _h t I id i t
node and has 118 Sour ce- dial P pREF 5 E oFRREE LEOF N RBPFEECHOPREHRSR Second

pover supply {GLIMANA0 SR dPULIE DOHE:o08) RN R L CRETAOL 30Uy

second conductiVit pe ‘connec et ween arce- I'n-pat

first I GFET an [ 0, | YLPO..CLEGULL 2 to a gate
of said third %Egﬁfgéﬁﬂ$$%%?€d€ﬁ ﬁ%gaﬁ%g%o¥bgrf%?%%uég?dgt&?EgkﬁgﬁET into
an off state i@f@g§$;onisn1mﬂth a boosting signal supplied at said

boosting signal node to control said third IGFET to prevent the flow of a
reverse current 25 througfppaa dcmos séit&FEL, comprising a first IGFET

of a first conductivity type for charging said boosting
capacitor and a second IGFET of a second conductivity
o type for discharging said boosting capacitor, wherein
10 said first IGFET has a gate coupled to an input node
and has its source-drain path connected in series
between a first power supply terminal and said output
node, and wherein said second IGFET has a‘gate coupled
to said input node and has its source-drain path
15 connected in series between a second power supply
terminal and said output node;

(c) a third IGFET of said second conductivity
type connected between the éource-drain path of said
first IGFET and said output node and a driving circuit .

20 coupled to a gate of said third IGFET and including
means for driving said third IGFET into an off state
- in synchronism with a boosting signal supplied at
said boosting signal node to control said third
IGFET to prevent the flow of a reverse current

25 through said first IGFET;



(d) a first delay circuit coupled between a driyj ' and said . *

opsting signal node to generate said bogéti ng‘“bﬂwﬂlmﬂglmgyed si gnal

S%Eﬁ d on a driving signal applied to said driVi 3 3 e, Whereimrs -

v¥d driving circuit is coupled between said driving node and a gate of

said third FGET to control said third | GFET in accordance with said
driving signal and wher(@)n saifdreéti delgyicgimguitcaguplkss seteddEh i nverter
having a pair of | GFETs of opposite conductivity 10 each having a gate
coupl ed to sai drdwviniongigngialnaded@nshdaiad ibapstisig sisgpel tnade
source-drain paths coupled in series between said first and second power
suppl y terni k8l geperRte fodd hoosddna Ifdanashas ia delayed-sivgnal pat hs of
said | GFET pair coupled to said gate of said third | GFET; 15 . (e)
a fourth | GFERSEEV Oy & (& iydmac S1gndiln aPRIH DU ctp i tdrbninhies bgral of
said third | GFET and sai.d driyvj .circuit, and having its_gate coupled to a
r ef er ence SpofeREi-aWherfd y SR id %%F‘t%qurplle% ‘Hg{mq%%ﬁ"ée%t put 20

de and th ~qr.ai h of, said d I GFET. . 30. A

Cem conduct oP i GEASERY dtpiRaRe, B ST AL TS WL Wsaia ri1in
| GFET e | - ai p: pag . soupl ed i

cer o5 bet woR SRR GO Raas TRt ne dan R N A PO 2

| GFET and hag it 108k GHEYeaS 1< il @divitly ROMESy SURRLNp S £L8E N2l cios

inverter having a pair of IGFETs of opposite conductivity

10 each having a gate coupled to said driving signal node and o
having their respective source-drain paths coupled in series
between said first and second power supply terminals with
a node between the respective source-drain paths of
said IGFET pair coupled to said gate of said third IGFET;

15 | (e) a fourth IGFET having its source-drain
path coupled between the gate of said third IGFET and said
driving circuit, and having its gate coupled to a reference
potential; and

(f) a fifth IGFET coupled between said output N,

20 node and the source-drain path of said second IGFET.

30. A semiconductor integrated circuit according
to claim 29, wherein said fifth IGFET acts as a protecting
element and has its source-drain path coupled in series
between said output node and the source-drain path of said
25 second IGFET and has its gate coupled to the first power

supply terminal



3. ° A seni conductor integrated circuit deviece—neluding a bootstrap

circuit which includes: (a) a first MOSFET o%ba fdulusit lvity ty

whi sher ecei ves an input timng signal throug tdﬂuﬂﬂi i m ﬂ l an ‘
which the source is connected to a power-source : (b)fg
swi t chi ng MOSFET of a‘second conductivity type which is connected to e

gate of said sw{ching NQ§F§£&?E§R2?CEBrQQBEBErQQQQ,Eﬁréu el denverter

circuit which receives a signa I's in synchronismwith a

bootstrap-start;{i{h49ngi aMBbotkEgapaterehiisakiithanscaudest:e MOSFET being
connected sai d power-solrce voltage termnal; (d) a second MOSFET of said

second 15 conductivity typg)wai eirst MOBPEqt 8¢ hetruper comduewicdtof said
swi tching MOSFET and an earth-potential point, and which receives said

input timng sigppé whieHgbetbeveat ant hapael timiag( &ligaalodthataugh ddwaci t or
of which one 20 termnal is connected to the source of said swtching
MOSFET to prgvi getanthatrpof ,sagdabfnetid chndhehisolrice dispgionaectiad ti d
bootstrap-start timng signal through the other term nal thereof. 32.

A seni conduct orai pbegrasedrcer voiltagevitegminal;

(b) a switching MOSFET of a second
conductivity type which is connected to the gate of said
switching MOSFET and to an output node of a CMOS

10 inverter circuit which receives a signal that is in
synchronism with a bootstrap-start timing signal,
the gate of said transfef-gate MOSFET being connected
said power-source voltage terminal;

(d) a second MOSFET of said second

15 conductivity type which is connected between the
source of said switching MOSFET and an earth-potential
point, and which receives said input timing signal
through the gate thereof; and

N\, | (e) a bootstrap capacitor of which one

20 terminal is connected to the source of said switching
MOSFET to provide an output signal node and whiéh

is supplied with said bootstrap-start timing signal

through the other terminal thereof.



according to claim31, wherein a third MOSFET of—sard FiTst conductivity

type is connected between a MOSFET in said ' ' t“nlon the |
r-source 5 voltage side and said power-sour “mﬂ[\l\muﬂlm al, saira? ’
d MOSFET being supplied with an inverted sigralcoft sai d®i nput tinng
gnal . 33. A seniconductor integrated circuit according to claim?29,
wher ei n sai3R seni conduca osemptogdatedrlQntiesgrated Tic@idlte@dwiséecei ve
i nput timng signals at said i nput node and produces output timng signals
at sai d outzgedonditey todchhaimeBd,swheéreinpat thidel IMOSREID|ef $@igontrol the
timng of selection ciruitry of a sem conductor nenory array to sel ect
predet er mi nBre% ceomdectivbtyt type st kciomnewite drivatween raa\MOSEET A
sem conductor integrated circuit device according to claim 31, wherein said
out put nodein ssabdptMASt bneentes| cikeutitriong tdfe poiwestsoungecuitry of a
sem conductor_nenory array _for selecting 20 predeterm ned address | ocations
wi thin s& voktads aideyandssaid powarssowr&ed valdadenttepminal eircuit
according to claim 20, wherein said diode connected | GFET has a_ substrate
gate connect®if t Bhir§MeSFRE, gingosupplied with adyjidvirKkedrsignalr at ed

circuit according to claim?22, wherein said third | GFET has a substrate
gate connec?Eds?HdalBPRFntiMipgopignal. :

33. A semiconductor integrated circuit according
to claim 29, wherein said semiconductor integrated
10 circuit is coupled to receive input timing signals
at said input node and produces output timing signals
at said output node, and wherein said output node is
coupled to control the timing of selection ciruitry
of a semiconductor memory array to select predetermined
15 address locations within said memory array.
34. A semiconductor integrated circuit device
according to claim 31, wherein said output node is
coupled to control the timing of selection circuitry
of a semiconductor memory array for selecting S
20 predetermined address locations within said memory
array.
35. A seimconductor integrated circuit according to
claim 20, wherein said diode connected IGFET has a substrate
gate connected to a gate thereof.
25 36. A semiconductor integrated circuit according to
claim 22, wherein said third IGFET has a substrate gate

connected to a drain thereof.
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d substantially as

A~ 2)

herein described wth reference to and as i
onevef* Flgures 6 to 13 of the acconpanyi ng dramnn

. e
37. " A seniconduct or Integrated circuit constigmh

©

Mos

37. ) A semiconductor integrated circuit constructed
substantially as herein described with reference to and as
illustrated in Figure 3, or any one of Figures 6 to 13

of the accompanying drawings.




