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not draw excessive current. In particular, as the number of cells per
integrated circuit increase, the This invention relates to integrated
circuits       tendency is for the power consumption to increase.
comprising logic circuitry.                          One problem
encountered in field effect technology Logic integrated circuits, including
complemen-   5   (e.g. CMOS) is that "floating input nodes" may tary metal
oxide silicon (CMOS) types, are gen-     exist when the clock signal
disappears. In that erally classified as being "static" or "dynamic"
case, the inputs to the inverters may float to a The static types usually
allow for a logic signal to   potential that allows DC current flow through
the The  appliedat any time, and immediately generate  inverters. One
solution is to' provide a negative the resulting logic output signal. The
dynamic,  10   feedback circuit that clamps the input to a known types
generally employ one or more clocked tran      state  (either high  or
low); see  U.S. patent sistors that provide for generating the logical
output  4,570,219. This effectively converts the device from in synchronism
with the clock.                       a dynamic to a static  type. However,
this requires The invention will he described with reference    additional
circuitry in each stage being protected, to the accompanying drawings, in
which:  15   which increases the  cell size of transmission gate FIG. 1
illustrates a block diagram of  an embodi-  logic circuits. ment of the
present invention;                        According to this invention there
is provided an FIG. 2 illustrates the system clock signal when  integrated
circuit as claimed in claim 1. power is applied to the integrated circuit;
The following detailed description refers to a FIG. 3 illustrates the
states of the various control   20  technique for reducing current surges
in integrated signals for the two cases illustrated in FIG. 2;  circuits
(ICs) having  clock transmission gate logic. and
In the present technique, a control circuit Provides FIG. 4 illustrates a
typical prior art transmission  for applying a DC voltage to the gates of
the pass gate logic cell.                                 transistors in
the transmission gate logic circuitry RefErring   now to FIG. 4, a typical
dynamic  25   when the system  clock is not detected within a register cell
in "transmission gate logic" comprises  sampling period, referred to as a
"window" herein. two stages. In the first stage, a pair of complemen-  The
supplied DC gate voltage is of  a magnitude tary pass transistors (40, 41)
allows a logic signal  and polarity such as to cause the pass transistors
to:propagate from the input node (INPUT DATA) to     to conduct, thereby
preventing the input nodes of storage node 11, in response to a "master"
clock   30  the inverters from "floating" in potential. signal   and. its
complement (MCK,MCKB) that is          Referring to FIG. 1, In a typical
embodiment, a applied to the transistor gates. The logic signal    control
circuit controls a 4-phase clock driver, thus appears at the Input of an
inverter comprising  which generates master signal MCK and its com- a
serially connected complementary transistor pair   plement MCKB, and also
slave signal ScK and its (42, 43) A second stage comprises pass transis-
35   complement SCKB. These signals are supplied to tors (44, 45)
controlled by a "slave" clock and its  the gates of the pass:.transistors
in the dynamic complement (SCK, SCKB). These pass transistors        logic
circuitry. The control circuit is supplied with a [err] the signal to
propagate from the output node  system clock signal (SCLK) from a system
clock. of the first inverter (12) to storage node 13, and  The control
circuit may be included on the same IC hence to inverter (46, 47) and
the.output node    40   as the logic circuitry that it controls; the system
(OUTPUT). When the pass transistors 40, 41 are       clock may be supplied
from a source external to non-conducting, the storage node l1 floats in
poten-  the [err] or may be on the same IC as the logic tial. Similarly,
when pass transistors 44, 45 are non-  circuitry. conducting, storage node
13 floats; In one variation  A summary of the operation of the control of
this technique, a single pass transistor (e.g. 40,   45  circuit, with
typical operating parameters, is as fol- 44) may he used per stage, with a
reduction in the  lows: During the system power-up, the output of clock
signals required (e.g. MCKI SCK).              the control circuit disables
the 4-phase clock driver. A plurality of transmission gate cells may he
Consequently, the 4-phase clock driver provides combined by connecting
their output nodes to an      logic high to MCK and SCK, and logic low to
inverter, allowing for complex logic operations us-  50   MCKB and SCKB
until, the control circuit detects ing a plurality of logic input signals.
In one current  the third  system  clock.  These levels ensure that '
design, over 7000 cells on a single integrated cir- '  the pass transistors
in the logic circuitry are con- cuit are utilized In this fashion. In
another arrange-  ducting, so that the input nodes of the associated ment,
the cells are utilized to implement. a shift   '    inverters are not
floating, but rather set at either a ..register that   delays   an input
signal  a desired   55  . logic high or logic low  level, assuming a logic
high amount. One important criterion for  logic circuits,  or low is
present at   the INPUT DATA node. As especially dynamic types, is their
power consump-    soon as the third system  clock is detected, the 



tion. It is important that the desired Implementation  control circuit'
enables the  4-phase clock, driver to 2    3                  EP 0 277 767
B1                 4 generate non-overlapping 4-phase clocks to the
logic high  to MCK and SCK, and  logic  low  to dynamic cells for normal op
eration. The third sys-     MCKB and SCKB. Therefore, the internal nodes of
term clock was chosen for this  purpose to prevent .  the dynamic cells
are not allowed to be floating false operation due to noise  or spurious
signals,  even though the system  clockis lost. The loss-of- with  other
numbers  being alternately  possible.   5   clock detector also generates a
clear signal While the 4-phase clock driver is generating the 4-  (DETCR)
approximately every 10 microseconds to phase clocks to the  dynamic cells
in normal opera-  reset the system clock detector during normal op- tion,
the  control circuit checks the system  clock.  eration. After the reset,
the system clock detector approximately  every 10 microseconds. If  it does
will check the  system clock transition again while      . not  detect any
system clock transitions within that    10  the WIN signal is logic high.
If the loss-of- clock 10  microsecond "window", the control circuit im-,
detector detects the system clock  transition, then mediately disables
the4-phase clock driver  to sup-   this  circuit will generate  the DETCR
signal again.     - ply logic high to MCK and SCK, and logic low to
This operation keeps repeating during normal op- MCKB and  SCB.  Then the
control circuit  remains   eration. at the same state until it detects
another.system    15  An example of  the operation of the present clock
transition, at which time it resumes supplying  technique is illustrated
in FIG. 2. During power-up, clock.signals SCK, SCKB, MCK and  MCKB to  the
the power supply voltage increases from 0 volts to logic circuitry.
Vcc, as indicated,  and  the system..clock  does  not Referring to FIG. 1,
in a typical embodiment      begin oscillating immediately. Therefore, the
sys- the system  clock signal SCLK is applied  to the   20  tern clock
signal is not received until after an initial start-up circuit. The
start-up circuit sends  an  initial-  delay. Upon arrival, the  system
clock signal may ization  signal (LOC) to the system clock detector,
begin in a high voltage state (case 1), or in a low thereby setting the
flip-flops therein to the. proper  voltage State (case I).  The initial
state  is referred state each time power is applied to the integrated   to
as "A" in both cases.  The subsequent States circuit. The system clock
detector also comprises a   25  "B...F" and "G...J"  are reached by
transitions of counter that counts the number of clock signals    the
system clock signal (SCLX), in accordance with arriving after the  power is
initially applied, and   the state diagram shown in FIG. 3. supplies a
signal RO to the ring  oscillator, a  signal  Referring to FIG. 3, each
state (A.J)  is shown DET to the loss-of-clock detector, and, a signal
with the associated clock transition that produces 4PCKEN to the 4-phase
clock driver after a certain  30 . the state, and the resulting control
signal levels,. number  of  clock signals have been counted. In a
according to the  format "clock/control signal". For typical case, '3 clock
pulses are counted before the   example, in case l, at. power-upthe clock
signal is RO, DET, and 4PCKEN signals are  supplied. The       high, and
the first high-to-low transition of the clock RO signal enables' the  ring
oscillator, which sup-  signal (1st SCLKB) places the control circuit in
plies signal OA to the loss-of- clock detector. The   35  state B. As
idicated, in state B the control signals ring  oscillator also  supplies
signal OA to  a counter       RO  and LOC are low,  thereby   disabling the
ring that generates a window signal WIN.  For example,   oscillator and the
loss-of-clock detector. This in in a typical case the ring oscillator
operates at 200  turn disables the clock driver (ie., places the DC kHz,
and the counter is a divide-by-four counter,    voltages on the gates of
the pass transistors.) The thereby generating a WIN signal that is a
symmet-  40   next clock transition, to SCLK high (which is the rical
square wave having pulses 10 microseconds       2nd time SCLK is high),
places the control circuit in in  duration.  The duration of the window
pulses     state  C, which also results in RO and LOC low.  The should be
greater than the period  of the system     next clock transition, to  SCLK
low (the 2nd time clock, in order to examine the system clock transi-  SCLK
is low), results in state D, where RO is high tions. The 4PCKEN signal
going high enables the   45   and LOC low. Hence, the ring oscillator is
enabled,  . 4-phase clock driver, so that  it supplies the clock  and the
loss-of-clock  detector remains disabled. signals MCK, MCKB, SCK, and SCKB
to the logic        The next clock transition  (the 3rd 'time SCLK is
circuitry.                               '           high) reaches state E,
which results  In the same The loss-of-clock detector starts to operate as.
control signal levels  as the previous state . Finally, soon as  the third
system clock is detected follow-   50  the. next clock transiton. (3rd time
SCLK is low) ing the application of power to the control circuit.  reaches
state F, which places both  RO and LOC The loss-of-clock detector is
implemented with a     .  high, allowing the ring oscillator to remain
enabled, 



inite state machine which checks the system clock    and enabling the
loss-of-clock detector, This in turn transition   approximately every. 10
microseconds       enables the clock driver, so thatthe 4-phase clock  .
(i.e., the duration of the WIN signal). If the system   55   signals are
applied to the gates of the pass transis- clock  transition does not occur
during this window  tors in the transmission gate  logic circuitry. As
long period, the output of this circuit (4PCKEN) will     as the power
supply voltage is supplied to the chip, disable the 4-phase clock driver in
order to supply   and as long as system  clock signals continue to 3    5
EP 0 277767 B1                      6 arrive, all subsequent clock
transitions maintain      to thereby prevent said. input nodes  (11,13)from
State F. Similarly, in case II, the states G..J are  floating; and (ii)
thereafter  detect the system reached as   indicated, with the resulting
control  clock signal by counting a given number of signal levels for each
state as shown. (Note that       clock signals by said counter, and in
response when the power supply voltage is turned off, and    5   to such
detection, applying multi-phase clock .then reapplied to the integrated
circuit, the power- .   signals to said gates. up sequences of FIGS. 2 and
3 again apply.) A CMOS integrated circuity employing over,       2.  A
circuit as claimed in claim 1 wherein said 7000 transmission gate logic
cells was redesigned       control circuitry comprises means for periodi-
so as  to employ the present technique. The initial   10  cally examining
the system clock, signal during current surge on power-up was reduced from
600          window periods after applying power to said milliamps  for the
original design  to about 20 mil-     integrated circuit, and for causing
DC voltage liamps for the redesigned circuit. It is anticipated    to be
applied to said gates so as to cause said that at higher levels of
integration, even larger        pass transistors to conduct If the system
clock reductions may be possible with the present tech-   15  signal. is
not detected during a window period, nique.
and for causing said multi-phase clock signals Note that the foregoing has
been given in           to be applied to said gates if the system clock
terms. of specific window intervals and clock coun-     signal is detected
during a window period. [err],  with others being  possible.  In addition,
the clock driver controlled by the control circuit need   20  3. A circuit
as claimed in claim 2 wherein said not be a 4-phase clock ..driver, but may
be another     control circuitry comprises a ring oscillator for. type.
For example, the use of 2-phase clocks in         generating a window
signal having a period transmission gate logic circuitry is also known in
longer than the period of the: system  clock the art, wherein only the
master and slave (MCK          signal, and a loss-of-clock detector for
deter- and  SCK) signals are generated. The pass transis-  25  mining
whether the system  clock signal is tors. are then of a single conductivity
type (e.g., n    present during the window. type). Furthermore, it is
possible to implement the present technique so as to apply the DC voltage
to   4. A circuit as claimed in any preceding claim the gates of the pass
transistors only during an        wherein the means for providing
multi-phase - . initial power-up period, without thereafter. periodi-  30
..clock signals serves to  generate  atleast non- ..... cally generating
the "window" for determining loss-     overlapping master and  slave
signals. of-clock conditions at  a later time. That may be appropriate, for
example, when the system clock is 5.    A circuit as claimed in   any
preceding claim on the same  IC  as  the logic circuitry, and hence  .
wherein said integrated circuit is implemented there is low probability
that it will be lost in opera-   35  in CMOS technology. .tion. 6. A
circuit as claimed in any.preceding claim Claims
wherein said system clock is located extemally to said integrated circuit.
1.:: An integrated circuit comprising logic circuitry   40 (40-47), means
for receiving a system clock    7. A circuit as claimed in any one of
claims  1 to 5 signal (SCLK).from a system clock, and means        and
comprising said system clock. . responsive to the system clock signal for
pro- viding  multi-phase  clock  signals  (MCK,       Patentanspriche [err]
to the gates of pass transistors  46 (40,41,44,45) connected to the input
nodes       1. Integrierte Schaltung mit Logikschaltungen (40- (11,13) of
complementary inverters (42,43,46,47)     47), einer Einrichtung zum
Emptang eines Sy- 



in said logic circuitry, and characterized by        stemtaktsignals (SCLK)
von elnem Systemtakt- control circuitry for controlling said means for
geber und einer Einrichtung, die unter. Anspre- providing multi-phase clock
signals, said con-   so  chen auf das. Systemtaktsignal mehrphasge:
-: trol circuitry comprising a counter for counting      Taktsignale (MCK,
M   CK,  MR) an die: the number of clock signals arriving after pow- . '
Gate-Elektroden von Durchlaltransistoren (40, er is initially applied to
said integrated circuit,  41, 44, 45), die mit.den Eingangsknoten (11, 13)
wherein said control circuitry causes said         komplement~rer inverter
(42, 43,46, 47) in den means for providing multi-phase clock signals  65
' Logikschaltungen:verbunden sind, to: (i) initially apply DC voltage to
said gates so  dadurch gekennzeichnet, as to cause said  pass transistors
to  conduct .    daid Steuerschaltungen far elne Steuerung der upon
applying power to said integrated circuit,      Einrichtung zur
Bereitstellung mehrphasiger 4    5                 EP 0 277 767 B1
6 arrive, all subsequent clock transitions maintain     to thereby prevent
said input nodes (11,13) from State F. Similarly, in case 11, the states G
... J are  floating; and (ii) thereafter detect the system reached as
indicated, with the resulting control       clock signal by counting a
given number of signal levels for each state as shown. (Note that     clock
signals by said counter, and in response when the power supply voltage is
turned off, and   5   to such detection, applying multi-phase clock then
reapplied to the integrated circuit, the power-  signals to said gates. up
sequences of FIGS. 2 and 3 again apply.) A CMOS integrated circuity
employing over       2. A circuit as claimed In claim 1 wherein said 7000
transmission gate logic cells was redesigned      control circuitry
comprises means for periodi- so as to employ the present technique. The
initial  10  cally examining the system clock signal during current surge
on power-up was reduced from 600         window periods after applying
power to said milliamps for the original design to about 20 mil-
integrated circuit, and for causing DC voltage liamps for the redesigned
circuit. It is anticipated   to be applied to said gates so as to cause
said that at higher levels of integration, even larger      pass
transistors to conduct if the system clock reductions may be possible with
the present tech-  15  signal is not detected during a window period,
nique.                                                 and for causing said
multi-phase clock signals Note that the foregoing has been given in
to be applied to said gates if the system clock terms of specific window
intervals and clock coun-     signal is detected during a window period.
with others being possible. In addition, the clock driver controlled by the
control circuit need   20  3  A circuit as claimed in claim 2 wherein said
not be a 4-phase clock driver, but may be another      control circuitry
comprises a ring oscillator for type. For example, the use of 2-phase
clocks in        generating a window signal having a period transmission
gate logic circuitry is also known in    longer than the period of the
system clock the art, wherein only the master and slave (MCK       signal,
and a loss-of-clock detector for deter- and SCK) signals are generated. The
pass transis-  25  mining whether the system  clock signal is tors are then
of a single conductivity type (e.g., n   present during the window. type).
Furthermore, it is possible to implement the present technique so as to
apply the DC voltage to  4. A circuit as claimed in any preceding claim the
gates of the pass transistors only during an       wherein the means for
providing multi-phase initial power-up period, without thereafter pedodi-
30  clock signals serves to generate at least non- cally generating the
"window" for determining loss-    overlapping master and slave signals.
of-clock conditions at a later time. That may be appropriate, for example,
when the system clock is  5. A circuit as claimed in any preceding claim on
the same IC as the logic circuitry, and hence       wherein said integrated
circuit is implemented there is low probability that it will be lost in
opera-  35  in CMOS technology. tion. 6. A circuit as claimed In any
preceding claim Claims
wherein said system clock is located externally to said integrated circuit.
1. An integrated circuit comprising logic circuitry  40 (40-47), means for
receiving a system clock    7. A circuit as claimed in any one of claims 1
to 5 signal (SCLK) from a system clock, and means       and comprising said
system clock. 



responsive to the system clock signal for pro- viding  multi-phase  clock
signals  (MCK,     PatentansprUche [err] to the gates of pass transistors
45 (40,41,44,45) connected to the input nodes     1. Integrierte Schaltung
mit Logikschaltungen (40- (11,13) of complementary inverters (42,43,46,47)
47), einer Einrichtung zum Empfang eines Sy- in said logic circuitry, and
characterized by      stemtaktsignals (SCLK) von einem Systemtakt- control
circuitry for controlling said means for   geber und einer Einrichtung, die
unter Anspre- providing multi-phase clock signals, said con-  5o  chen auf
das Systemtaktsignal mehrphasige trol circuitry comprising a counter for
counting   Taktsignale (MCK, T=R, SCK, =K) an die the number of clock
signals arriving after pow-    Gate-Elektroden von Durchlaj3transistoren
(40, er is initially applied to said integrated circuit,  41, 44, 45), die
mit den Eingangsknoten (11,13) wherein said control circuitry causes said
komplementgrer Inverter (42, 43, 46, 47) in den means for providing
multi-phase clock signals  65  Logikschaltungen verbunden sind, to: (1)
initially apply DC voltage to said gates so  dadurch gekennzeichnet, as to
cause said pass transistors to conduct       dali Steuerschaltungen fUr
eine Steuerung der upon applying power to said integrated circuit,
Einrichtung zur Bereitstellung mehrphasiger 4    7                 EP0 277
767B1                :        ,-I: -. 8J 11C11 M       IS * .....~~~~r
n. ;h. .tu     ,,..;,:  ,. ..Taktsignale vorgesehen sind, daOi die Steuer-
der integrierten Schaltung bfnopnet. schaltungen, einen Zahler fUr die
Anzahl der nach dem anffinglichen... Anlegen der Versor-   7. Integrierte
Schaltung nach elnem der Ansprol- ..: :.gungsspannung an die integrierte
Schaltung:,   che1bis.5, die den ...Systemtaktgeber umfalt. -  ankommenden
Taktsignale, und daB die Steu-: :   erschaltungen die. Einrichtung zur
Bereltstel-  Revendlcatlons. lung mehrphasiger Taktsignale veranlatt:: (I)
zu K./-   Anfang eine Gleichspannung an die Gate-Elek-  , 1. Un circuit
integr6 comprenant un circuit logi- troden anzulegen, um die
Durchialtransistoren      quo (40-47), des moyens destin6s a recevoir . bei
Anlegen der Versorgungsspannung an die  10    un signal d'horloge de
systeme (SCLK) a parlir integrierte Schaltung leiten zu lassen und da-
d'une horloge de systbme, et des moyens qui durch zu verhindern, daR die
Eingangsknoten        r~agissent au signal d'horloge de systbme en , (11,
13) schwimmen,.und (ii) danach das Sy-       appliquant des,.signaux
d'horloge & phases stemtaktsignal durch Zlhlen einer gegebenen
multiples (MCK, 1Rl,,KSCI8K1,R,) aux grilles Anzahl von Taktsignalon
mittels des Zahlers  15    de transistors .s.rie (40i 41, 44, 45) qui sont
. festzustellen und daraufhin mehrphasige Takt-     connect~s aux noeuds
.d'entre (11, 13) dOinver- signale an die Gate-Elektroden anzulegen.
sours complmentaires (42, 43, 48, 47) dans le. circuit logique:,et
caract6riss par un circuit de 2.,.Integrierte Schaltung nach Anspruch 1,
commande qui oest destine a: commander les bei der .die Steuerschaltungen
eine Einrichtung   20  moyens destinds, a., appliquer ,des signaux zur
poriodischen Prufung des Systemtaktsi-         d'horloge A phases
multiples,. ce circuit, de gnals in. Fensterperioden nach Anlegen der,    .
commande. comprenant. un compteur. qui ejt Versorgungsspannung an die
integrierte Schal-  .    destine & compter le nombre de signaux d'hor- tung
aufweist, und zum Anlegen von Gleich-          loge qui arrivent apras la
mise sous tension ...spannung an die Gate-Elektroden, um  die  .25
initiale du circuit int6gr6, ce circuit de corn-. Durchlaltransistoren
leiten zu lassen, wenn        mande faisant en sorte quo les moyens desti-
das Systemtaktsignal wahrend einer Fenster-        n~s A appliquer des
signaux d'horloge & pha- periode nicht festgestellt wird, sowie dal3 Anle-
ses multiples accomplissent les actions suivan- gen der mehrphasigen
Taktsignale an die            tes: (I) As appliquent initialement une
tension Gato-Elektroden zu veranlassen, wenn. das Sy-  30  continue aux
grilles de fagon a faire passer les sterntaktsignal wahrend einer
Fensterperiode       transistors snrie a l'etat conducteur au moment
festgestellt wird.                                 de la mise sous tension
du circuit integrd, pour emp~cher ainsi quo.les noeuds d'entree (11, 13) :.
Integrierte Schaltung nach Anspruch 2,     .       no soient flottants:; et
(ii) ils d~tectent ensuite . bei der die Steuerschaltungen einen Ringoszil-
.35  le signal d'horloge de systbme en comptant un Iator^zur Erzougung
eines.:Fonstersignals mit.      nombre: donn4  de.,, signaux  d'horloge,:au



, einer;.:Periode  aufweisen, die langer . als die  .moyen du compteur, et
ils r~agissent a. cetto .Poriode des Systemtaktsignals ist, sowie einen
d6tection on appliquant les signaux d'horloge & *    ,,
Taktverlust-Detektor zur Feststellung, ob das    phases multiples aux
grilles prdcit6es. . Systemtaktsignal wahrend des Fensters vor-  40 -
handen ist.                                       2. Un circuit selon la
revendication 1, dans lequel le circuit de commando comprend des moyens 4..
. . Integrierte Schaltung nach. elnem der vorherge-  qui sont destin~s a
examiner periodique ment :, ,, .henden AnsprUche,                ,l signal
dWhorloge de systeme pendant des bei dem  die Einrichtung zur
Bereitstellung   46   p~riodes de fen~tre aprbs. Ia mise sous tension .
mehrphasiger Taktsignale  wenigstens sich         du circuit int~gr6, et &
provoquer l'application . nicht Oberlappende Master- und Slave-Signale
de la tension continue aux grilles prdcit~es, de erzeugt
fagon & faire passer les transistors serio a -'4tat conducteur, si le
signal d'horloge de sys- 5. . Integrierte Schaltung nach einem der
vorherge- . so  tbme n'est pas d~tect6 pendant une pdriode henden
AnsprUche,                                  fen~tre, et a provoquer
l'application de signaux dadurch gekennzeichnet. .
d'horloge . phases multiples. aux grilles: pr6ci- daB die integrierte
Schaltung in CMO$-Tech-:       t~es si le signal:d'horloge de systhme est.
-nologie verwirklicht ist.                                          .. .-
dtet pendant une p6riode d ferntre. :56 <6. Integrierte Schaltung nach
einem der vorherge- .   Un circuit selon -a revend ication 2, dans lequel
henden AnsprUche,    ..le circuit de commande :comprend un oscilla- bei der
der Systemtaktgober sichaulBerhalb        tour en anneau qui est destin6 h
g~n~rer un 5    EP 0 277 767 B1                  10 Signal -de fenfitre
ayant une p6riode plus ion- gue: que.. aIa :p~ode du signal d'horloge de.
systbme, at un d~tecteur de perte d'horloge qul est-destin4 A determiner si
le signal d'hor- lQgo de sypthme est pr6sent pendant la fen4-   S 4.Un
circuit selon I',une quelconque des: revendi- cations pr~cddentes, dans
1equel  les. moyens qui sont destin~s A appliquer des signaux  .10
.d~horloge: A phases multiples g~nbrent au momns des. signaux maitre .et
eaclave no se chevauchant pas. 5. Un circuit salon !une quelconque des
revendi-  15. cations pr~cdentes, dans lequel le circuit int6- grd eat
r~alis6 en technologie CMOS. Un circuit selon i'une queloonque des.
revendi- ...' cations-.pr~cdentos, dans loquel 1'horloge do  ..20 systome
so trouve A 1'ext~rieur du circuit int& gr6. 7.Un circuit solon l'une
quelconque des revendi- -cations 1I  5 ot comprenant l'orloe do ays-  25.
.tame. 30 . . . ... ... .... ~ ~ ~ ~ ~     3 .40 45 6.    


