2220284 | MPROVEMENTS I N OR RELATI NG TO CLOCK PULSE GENERATI NG CI RCUI TS Thi s
invention relates to clock pulse genérating circuits and in particular to

such circuits as generate a plurality of related clock signals for C
synchroni sing the operations of a conplex circuit. Proposals have been me d

to produce data processing.ssystens including a pliurality of separate
processors to enable a plurality of different operations to be per@@@@SA
the data substantially sinultaneously. It is necessary for all the

processors to operate synchronously to enabl e signals generated by one
processor to be received and interpreted.,correctly by another processor.
Wthin each procg '{{Vé,E;-SUfH§°Bt! use i . o

to tinme the exect , 3 B e+
provi de for the necessary synchr opsH weefr the processors it is usual to
provide a master clock pul se generator which controls the generation of the

To do this Liis momeeear g o end e Y ot
each pr oces S4F R ATt BaEt SBubaF ofoamicPh el et A9 SsmanREe|bik

circuits at piliuraddy tofrereldicedretbodk pigpaded foirt Bginich dorisigty atieg this
have i nvol vg éﬂéﬁ%ﬂhéﬂa¥”é“é5§§?8b Qiggﬁiior with a special pin dedicated

to the synchfonising functlon provi dr a special node of operation of
the processors to &RopAsats thave cheenecnadenthr prioduwceBdtat 2o fpridwess imey hods

reguiLe afCeyB&bmsammunudﬂﬁgﬂkﬁﬁi@ﬂﬂi%ﬁ&régihébf@&%@[ bdﬁgﬂggéfgﬁfgszgrs'
t ngesj.rahl.e co apd cost .to the s

gBj ect e(r);—: ?%ga%(ri%séngﬁmgﬁﬁyo@ggégét%?ﬁgp'a°gﬁ5éﬁtiﬂalssé:°gé‘?erpz%r|q?d7"tﬁd_r Q@
whi ch can btheedeta substantrh iy es posltanaocasllyt hedtr dst aelced sairyn fyrven
time in resapnsehkeled prioddsidyd A Sbpdr 208! kfcAt8ABLs1y % enable

signals generated by one processor to be received and

interpreted correctly by another processor. Within each
processor it is usual to provide several related clock pulses
to time the execution of the operations within the processor,

and to provide for the necessary synchronism bétween'ﬁhe
processors it is usual to provide a master clock pulse

generator which controls the generation of the different
clock pulses within all of the separate processors in the
system. To do this it is necessary to stop the clock pulse
generation circuitry of each processor in a known phase
position and then start all of the clock circuits at the same €_
time. The methods proposed hitherto for achieving this have
involved either providing each processor with a special pin
dedicated to the synchronising function or providing a
special mode of operation of the processors to establish the
required'synchronism. Both of these methods reguire a certain
amount of additional cifcuitry external to the processors and
therefore add undesirable complexity and cost to the system.
It is an object of the present invention to provide a
clock pulse generating circuit which can be reset to a datum
phase poéition and then restarted at a given time in response
to a .single exté}nally applied signal.
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-According to one aspect of the pﬁﬁSéﬁfﬁiﬁt ntion there is providéd a clock
pul se generating circuit including an input'for a clock drive signal, a
mul ti-state circuit responsive to the glock drive signal to produce a

cyckigal Iy repeated sequence of different output conbinations of bits, each
conbi nat.i on i ncl Agcayding gcaidne aFpent LI dhePrgsapbinanVedsdes khene t he
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are appl i edatrbvehsighiafllt begygrrl athe Pertimgikaristate fioy anperdedant
addi ti onal 'gﬁgt connected to receive a signal derived fromthe reset
signal so that when the signal is applied tothe additional input of the
| ogic circuit -t hgy =354t ' It d S ' ng | tQs p through
the different co?‘gﬁ tlr&?séo : f)t:’{rgéjurﬁlat# i%%ﬁ%?pfaﬁfgu?’g?&g?a?é&%? reached,
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‘the signajonhna@nep@x e xtc-ﬁ?u.ﬂ%é' £ 54 alike Ghiftilstarg elibhike@ioster able
to store two"bits and the nulti-state circuit 1s capable of assum ng four
-di ff erent e¥£ERES PeFOERIAt&Rl @¥cle of its states. . :

‘The multi-state cirCuit'may be a shift register having
the outputs from two or more'stages of the register connected
to inputs of a logic circuit the output of which is connected
to the start of the shift register. The stages of the shift
register from which thé outputs are applied to inputs of the
‘logic circuit and the logical operations performed by that
circuit are such that the group of bits stored in the shift
register is stepped through a cyclically repeated sequence
of different combinations of bits as shift pulses derived
from the clock drive signal are applied to the shift register.

| The logic circuit may include an additional input
connected to receive a signal derived from the reset signal
so that when the signal is applied to the additional input of
the logic circuit the multi-state circuit is able to continue
to step through the different.combinations of bits until the
.pafticular_state is reached, when the multi-state circuit is
held in that state until the. termination of the signal.

In one example the multi-state circuit is a shift
register able to store two bits and the multi-state circuit
is capable of assuming_four different states represented by
the four possible different combinations of the two bits.

The logic circuit may comprise two NAND~gates, the first gate
having three inputs of which two are respectively connected
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the four possible different conbinations of the two bits. The logic circuit”
may conprise two NAND-gates, the first, gate having three inputs of which
two are respectively connected 3t receive the bits stored in the shift
regi ster and the thlrd I-s.connected, t.0 r?felve he signal derived fremthe
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edge of tdhe ¢gsehbigkgnal . In another formof the circuit the neans
responsive to the reset signal blocks the response of the nultl-state

circuit to the cTBEksﬂﬁpéé degiyed fHam e ivagesignahdmaprbe et a
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until the termnatjon of the reset sign the reset si avj ng
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t he circuedgacebr thagresethsignadnti on may be |ncorporated is a graphlcs
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i nvention there i's provi data processing system havj ng urarity or
separ at e PR®cESS6ES Sé&éﬁll Raskishdhe JSRODIR @f g@?ﬁr‘&‘l"rhﬁ'%ﬁ%ﬂl t, a
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of the proﬁgsggg%lgglgger%g%érg%(%ﬁg%(é¥§é§3t following the start of
the reset signal until the termination of the reset signal,
the reset signal having a duration at least as long as the
time required for the multi-state circuit to be stepped
through all its states.
The circuit may be constructed from any kind of logic
circuitry and may be included in an integrated circuit with
a microprocessor. One particular form of microprocessor with
which the circuit according to the invention may be -

incorporated is a graphics system prdcessor chip.
According to a second aspect of the present invention there ig—

provided a data processing system having a plurality of separate
processors each including a clock pulse generating circuit, a
clock drive pulse generator connected to supply clock drive
pulses to all of the processors to operate the clock pulse
generating circuits and means for generating a reset signal
connected to supply the reset signal to all of the processors
for synchronising the operation of the clock pulse generating
circuits of the processors, wherein each clock pulse generating
circuit includes a multi-state circuit responsive to the clock
drive signal to produce a cyclically repeated sequence of
different output combinations of bits, each including a
plurality of bits, decoding means responsive to the output
combinations of the multi-state circuit to produce a plurality
of clock pulse outputs corresponding respectively to the



fgenerating circuits and means for: reset signal connected to-
supply the reset signal to all of™t pra ors for synchronising the
‘operation of the clock pulse generating-circuits of the processors, wherein
'each”dlock pul se generatlng circuit incPudes a nulti-state circuit
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generating circuit; FIGURE 2 is a diagramo not.her cl.ock pul se erating
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generating circuit in which the multi-state circuit consists
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of a shift register ‘capable of storing two bits;

FIGURE 3 shows-the four states'which can be assumed by
two bits stored in the multi-state c1rcu1t shown in the
circuit of the Flgure 2; and

FIGURE 4 shows 1n detail the clock pulse generatlng
circuit of Figure 2.

' In Figure 1, a clock drlve signal, which may, for example,
con51st of a steady succession of rectangular pulses, is
applied through a terminal 1 to the input of a multi-state
circuit 2. The multl-state circuit 2 assumes a plurality of

- different states in sequence in response to successive pulses
of the clock drive signal, and the state of the circuit 2 is
generated as an output'censisting of a number of bits in
parallel on a multi-line connection 3. The output of the
circuit 2 is applled as an input to a decoder 4 and to a reset
control circuit 5. The decoder 4 responds to the different

 combinations of bits recelved_from the circuit 2 to generate
a plurality of clock pulse signals on output conductors 6.
The reset control.circuit_s is also connected to receive a
reset signal input through a terminal 7 and is connected to

apply a control signal to the.multi-state circuit 2.

In normal operaticn the multi-state circuit 2 steps
through the cjcle 6f its states in response to the pulses of
the clock drive signal eppliedlto the terminal 1 and the
decoder 4 responds to the combinations of bits output from



applied through a terminal 1 to the input of a nulti-state circuit 2. The’
multi-state circuit 2 assunes a plurality of different states in sequence
in response to successive pul ses of the clock drive signal, and the stgate
of the circuit 2 is generated as an output consisting of a nunber of bits
in parallel on a nmulti-line connection §. The output of the circuit 2 is

applied as an input to a decoder 4,and to a reset control circuit 5, The
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duration at -least as long as the time taken for the multi-
state circuit 2 to step through all its states and is
arranged to terminate at a predetermined time after either
the start or end of the reset signal. This means that if two
devices, such as processors, including the circuit of Figure
1 are required to be brought into synchronism, the multi-
state circuit 2 of both of the devices must have reached the
particular state which the reset control circuits 5 are
arranged to detect before the simultaneous occurrence of the
ends of the signals from the reset control circuits 5 in the
two devices. The clock pulse generation restarts in both
circuits simultaneously in synchronism when the signals from
the reset control circuits have ended.

Figure 2 shows a circuit of the type shown in Figure 1
in which the multi-state circuit 2 consists of a shift
register capable of storing two bits and a logic circuit
connected to feed to the input of the register a logical
combination of the bits stored in it. 1In Figure 2, the
components which correspond to the blocks shown in Figure 1
have the same reference numbers as in that Figure.

The clock drive signals in Figure 2 consist of two
non-overlapping square waves applied to conductors 10 and 11
respectively. The shift register included in the multi-state
circuit 2 has two storage elements per bit and uses the clock



;arranged to terminate at a predet »after either the start or end
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‘The reset éhEBﬁk of the NAND-gate 24 is connected through an inverter
27 to the third input of the three-input NAND-gate 22.
_ When not under the control of a reset signal, the
output of the NAND-gate 22 is high so that the NAND-gate 23
acts as a simple inverter of the signal on the conductor 21.
As a result, the two bits stored in the shift register formed
of the storage elements 12;_13, 14 and 15 and transfer
circuits 16, 17, 18 and 19 are stepped through the four
possible combinations of two bits as shown in Figure 3.

-/ Because of the two-phase operation'of the shift register a
clock pulse of each phase is required to step a bit from the
elements 12 and 13 into theé elements 14 and 15. It follows
therefore that a complete cycle of the four states of the
shift register takes eight square wave pulses on each of the
two-phase clock pulse input conductors 10 and 1l1l. The
decoder 4 responds to the pairs of bits appearing on the
conductors 20 and 21 to produce clock pulses Ql, Q2, Q3 and
Q4 in seguence on the conductors 6, a clock pulse Q2 being
produced when the input is 1 1, a clock pulse Q2 being
produced when the input is 0 1, a clock pulse:QB being
produced when the input is 0 0, and a clock pulse Q4 being
produced when the input is 1 0. : '



input termnal 7 is connected directly to an input of a two- input

NAND- gate 24 and through a delay circuit 25 and an inverter 26 to the
second i nput of the NAND-gate 24. The output of the NAND-gate 24 is
connected through an inverter 27 to the third input of the three-input™
NAND- gat e 22. When not under the contﬂﬁ of a reset signal, the output of
the NAND-gate 22 is high so that the ND-gate 23 acts as a sinple inverter
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passageé output and consequently the output of the inverter 27 to go
low so disabling the NAND-gate 22 which then produces a high
output and re-opens the NAND-gate 23 permitting the cycling
of the states of the shift register again in response to the
clock pulses.

Since the emergence of the high level from the output
of the delay circuit 25 triggers the restart of the multi-
state circuit 2 stepping through its states and renewed
generation of clock pulses in response to the outputs of the
circuit 2, it is important that the delay time of the circuit
25 be accurately determined. A suitable form of delay
circuit for this purpose is a shift register using the clock
pulses as shift pulses. As mentioned above, the delay
circuit imposed by circuit 25 must be sufficiently long to
ensure that the multi-state circuit 2 has reached the state
1l 1 before the end of the signal blocking its response to the
clock drive signals., It would of course be possible to
arrange for the multi-state circuit 2 to be stopped in other
states than the state 1 1. In order to achieve this, it
would be necessary to provide a different logic circuit from
that formed by the NAND-gates 22 and 23 as described above.



:of the signals In this state the:: - e NAND-gate 23 is high and
the shift reglster is held in the"iulwstate s long as the output of the
NAND- gate 22 i's | ow. Thi's state is maintained until the hi gh | evel applied
to tf€ ternmnal 7 has passed through the delay circuit 25 when the out put
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NAND- gat e 22 whi cRighee #reliowes ia diegaidutthet cdod .F-@uimmgetﬁeerm gate
28 per i ttefgohhe sxgﬂhng Of1bfgesat e&nohpla%esw { leneeq again in
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arrange for t st at iIrCUI - be in Qther States than
the state angures thag, the H ﬂhe§édtﬁp§ Stﬁtﬁﬁupg kbensdeskadFivs provide a
different sbghnalsi e6rréspoam tbathbsermdebybyhehqungatet %mmdta& as -

descri bed above ure,4, is_in,det cIo uIs atln
circuit sHo °?£tF?5qu§§fe fniﬁ|§ﬁP8t£“°§ﬁ8 pa 3??8585 Sagﬁbse
shavin |nl%rpweeeeheceedhbysansecehérénverhaueaiiandsare ap@ﬂiédgtnea
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33 and 34 respectively before they appear on the conductors
10 and 11. To avoid unnecessarily complicating Figure 4, the
two square wave pulse signals are labelled respectively A and
B and are connected to operate the transfer circuits which
have their control 1nputs labelled A and B in accordance with
- the phase of the clock pulses by whlch they are driven.

The terminal 7 to which. the reset signal is applied is
connected to a level setting inverter 35, similar to the
inverter 30, which is provided'for the purpose of setting the
high and low levels of7the input reset signal to those
required by the following circuitry. The output of the
inverter 35 is re-erected by an inverter 36 and applied via a
transfer circuit 37 controlled by the A phase of the clock --
pulses to a shift register stage 38. The function of the
shift register stage 38 is to store the logic level
transferred to it by the circuit 37 for a sufficient length
of time for the logic level to:be-transferred via the next
transfer circuit 39 to_a.second shift register stage 40. The
output of the shift register stage 40 is connected through a
further transfer circuit 41 to a third shift register stage
42. The shift register stages 38, 40 and 42 are of the same
construction, each consisting of a forward inverter the
output of which is connected to the input by a feedback
inverter having a high impedance output, together with a




In Figure 4, the clock drive signals received fromthe termnal 1 are

applied to a level setting inverter 30 which ensures that the high and | ow
states of the clock drive signals correspond to those used by the |ogic.of
which the circuit of Figure 4 is coné}ructed The clock drive signals are
re-erected by a second inverter 31 and are applied to a trigger circuit 32
whi ch pr odeceadt inverterv eonnecitied Soonr e:hmmu;iuu:loﬂolﬂmsorw'ﬂme pul ses
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shift regrster function reglster agé€ 38 is to
store thelﬁogpcrhévsﬁ thenpossidd lisy that ﬁh@t@h&nﬂﬂtefqumatgsnﬁflC|ent

l'ength of bbweehonzhbhqoboaha e wg;lae 1@ Yold He? dpia il ied ransf er
circuit 32923 a.secon I ft register ea%%ﬁ 40. The qut.put "of the shift

regi st er aving §1EGH k& da & 9% fihe resef o
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input of the NAND-gate 24 and through the delay circuit 25
and the inverter 26 to the second input of the gate 24. The
delay circuit 25 consists of eight shift register stages
similar to those described above interconnected by transfer
circuits controlled by the clock pulses A and B. The shift
register stages of the delay circuit 25 do not include the
second inverters because the inversion of the logic level
produced by the stage 42 is compensated for by the fact ‘that
there are an even number of stages.
The output of the gate 24 is applied through the ~
inverter 27 to the multi-state circuit 2 which is of the
form described above with réference to Figure 2. The shift
register stages 12, 13, 14 and 15 are of the same
construction as.the stages 38, 40 and 42.
The pair of bits appearing on the conductors 20 and 21
are applied to the decoder 4. In the example shown in Figure
4 of the decoder 4, the conductors 20 and 21 are connected to
inputs of NOR-gates 52, 53, 54 and 55, both directly and
through inverters S0 and 51, so that the gates 52, 53, 54 and
55 correspond respectively to the four combinations of bits
11, 01, 00 and 1 0. To achieve this, the conductor 20 is
connected through the inverter 50 to one input of the gate 52,
and the conductor 21 is connected through the inverter 51 to
the other input of the gate 52. The inputs of the gate 53



.to the forward inverter. The f ut he feedback inverter is to
sustain the logic |level applied to"t ' of the forward inverter, with
the qualification that the high output |npedance of the feedback inverter o
perni¥s the logic level at the i'nput of the forward inverter to be changed

by the output of a transfer.gircuit. The functi of the succession of
shift regi ster stages 38, .and 42.is reduce .possibility that a
state internedi ate between- tHe | ow and.hi gh | ogi cidievel s coul d be -applied
to the fol lane mymieate‘d saspectsivelye to tllne ¢umt't¢bnshe)finm:tese51.
S|gnal Yo} .S o ergm 7.¢cl ean
transitions r\‘J]om oW gsf&} ﬂw#% %/v i 5)\? éﬁoﬁ% g%ﬁ eg&ar ds’
fromthe omrmth;metqf@%tdeig@amly e the mﬂ"dﬁckqﬁs Qgandi221s connect ed
directly th@bédﬂ%l of, taifa wg&mﬂo@%é hg o5 g f@:é’%@dn&ée&aﬂt 25
and the inverter 0 the conc{larus)ut of. the ‘?ate 24, ay. Ci rcwt
25 consi st $5P eatéﬁ[e it utiof kheinverter, ¢,Aand cﬂ:fsi'c‘?? EPove
i nt er connetthed donducteaf @1.Ci MEhe tel oxdntpull sexl dne tdenadt Hidd By Selve A and B.
The shift o3t &2 .S e f t he second
i nverters g%a?sgzt'htes%?n\?é?sﬁ%é]n%#j%ﬂéé C#I C Ieg% proaéléegpcrb qf%e stage 42
i s conpens&edducsorigy Sbhe 57act5& [_nd t%r@wfeﬁﬂ e%rthmmetrptws Rfages. The
out put  of Ttlh%sﬁab%t% Ismm 'tft(iitxhrdlughc{&@ glﬂ\@eéé q{a927a tpidme dud s | 64 ate

egircuit 2 which is form descr, ove with reference to Figure
A T N L N NN AN, m “as
“the stagesthee4quartess. ofhethaa: rAutly tuytciea.ppaa're nepEt itisore drkfian ey

and 21 areoip%beg, &%eg q sdBrads fark of, @%@@g ecgmféwmm @gﬂ.—ﬁ“ o

t he/ decoder 4 h uctors 2 and 1 Are Con i nputs o
NOR- gat es 8PPlded %9 ihe sermimed durectly and through inverters 50 and 51,

so that the gatesrhd cizcuit e wdsa.&m%d AEINY 1aHyY Yk i (e Teyic

conbi nati ong _of ,bits 1, 0.1, I ev hi o t he
‘conduct or 53’F§@0&?ﬁ8§f’8&°ﬁm h- P‘Hé%l mP@r tcé’l’"psa(faﬁ’ eoﬁ"(é"it'h € of the gate
52, and t heonehductdon2anids opemratdiond ofhrtiwegir estte dfnagr tiorteglr ateed he ot her

input of t8¢r@ale where EHE c1BWkS pise @138 t°3s incorporated in such
a circuit. 1In a particular embodiment the technology used
is the so-called dynamic MOS logic technology. In this case,
each of the transfer circuits may comprise a single MOS
transistor having its source connected to receive the input
to the transfer circuit and its drain connected to supply the
output from the transfer circuit, with its gate connected to
receive the appropriate shift pulse train. Of course, other

i circuit arrangements may be used to form the transfer
circuits,

The multi-state circuit 2 may be constructed to have
more than four different ‘states and the decoder must - be
arranged to respond to such of those states as are regquired
to be used to produce clock pulse signals. It is not
essential for all of the possible states of the multi-state
circuit to be used by the decoder in producing the clock
pulses. '

Although as described above with reference to the
drawings, the restarting of the changing of the state of the
multi-state circuit in.response to the clock drive signals
-takes piace at a predetermined time after the start of the
reset signal, it would be possible to modify the circuit so
that the restarting of the changing of the state is trigqered



1 0 are connected respectively to the output of the inverter 51 and'
directly to the conductor 20. The'inputs of the gate 54 are connected
directly to the conductors 20 and 21 respectively, and the inputs of the.
gate 55 are connected respectively to the output of the inverter 50 and
directly to the conductor 21. The clock pul ses are generated by the gates
52, 53, 54 and 55 and appear respectivejy on the conductors 56, 57, 58 and
59 connected to the uts_of tho gates, Each traip, of cloc ul ses has
Shion T oust s Craltihe Sade, S8 Be VP eger S Tanak FLRneE, E¥nEhrShnusly
remai ni ng witleet Loy L2 Ssame t préddtéyminedctinéeinteevali agtérequency tof -
the pul ses; | s..one- f C ] sjgn ped.t o, the

t erm nal fé'ﬂﬁé%ﬁé%&ﬁtégméﬁgéfgoﬁéggug%gdgﬁgﬁégsgnégk?h§~gPBFSQEE gPFcuit
t echnol ogynuktilrakate okrewhpalsbblocked for aoperiodt sufifindenpefori on of
the rest Qihamil¥AEEEES SiFcuits IR 811162 CLREKPPUEEBSEEECHE! other

incorporated in such a ciycuit, In a particular epbodi nent_ the technol ogy
used is t e Res 1eqniged te RﬁfﬁYBﬁﬁE°FgEﬂﬂoFBg averepched the oacn of

t he transfpriticulai sstatye coeporécthe Sregterdtonr afsthéochnging ofs
source coquqéed to receive the input to the transfer circuit and its drain
connected 10 %ﬁuﬂy the output fromthe transfer circuit, with its gate
connected to receive the appropriate shift pulse train. O course, other
~circuit arrangenents may be used to formthe transfer circuits. The
multi-state circuit 2 may be constructed to have nore than four different:
states and the decoder nust be arranged to respond to such of those
states as are required to be used to produce clock pulse signals. It is_ -
not essential for all of the possible states of the nmulti-state circuit %’
be used by the decoder in producing the clock pul ses. Although as descri bed
above with reference to the



.draﬁdngs , the restarting of the changlng of . the state of*therﬁurrr~s%a{e

circuit in response to the clock drive signal's takes p
predeternmined tinme after the start of -the reset sjignal, ms y’ m H! ,I!L
possidfe to nodify the circuit so that the restarting o

the state is triggered 11 by the trailzng edge of the reset signal

ei ther synchronously with it or at some predetermned time interval after
it. It is necessary to ensure that the changing of the state of the

mul ti-state circuit-is bl ocked for a.period sufficient for the nultl-state
circuits i n_GLAIMS:the processors or other devices required to be
synchroni sed to have reached the particular state before the restoration of
the changing of state. -12- CLAI MVS; 1. A cl,ock pul se generatin

circuit inclhdi ngAaﬁlPﬁ}SuPuFSP QGE'PGéFFIBH Fdrepdiainciuding an APUs r cui t
responsi ve tPothe elock driive sugnatl t @ puitisstatey dircality respuaisite
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hcl udi g a BPFaF; PuoBK B v Biua, 80 B eatrs 5o AT The SRR
conbi nat i onssefqueheenaft disferenti Dut!tputt oopboﬁa@eoaISp lofr ditisy efaahl ock
pul se outputg, ﬁﬁiﬁ&é?Sﬁ?iH&lﬁﬂiB@c g&h¥a h%fdbﬁEﬁre@bd@dﬂH& means

conbi nati ons 0 | - stat e ns re<ponsi ve reset
si gnal and t%ﬁ%P%%?%Y%uFﬁrt§?aPEtBPttﬁ@mhﬁpﬁt199§t9f0| Pﬂlﬁé t he

response of éf@cﬁitcubtpfedhae alg &rduuy alfgaabckemnéet Rt cul ar
state for a perjod of rc ar% n11 for use :
with a reset %Fﬁﬁ%?°ﬂg§?ﬁgrﬁﬁp§8§év e¥8| HE t er mi nat es
at a fixed Iem@bimatlonseofhthelmuatlksaateaelrcuit, and means

~ responsive to a reset ‘signal and to a particular state of
the multi-state circuit to block the response of the
circuit to the clock drive signal beyond the particular
state for a period of tlme.

2. A circuit according to claim 1 for use with a reset
51gnal having an edge, whereln the period of time
terminates at a fixed length of time that is at least as
long as the time requlred for the multi-state circuit to
execute a complete cYcle of its states after the edge of
the reset signal. |

3. A circuit according to claim 1 or claim 2, whereln the
multl-state clrcult 1nc1udes a Shlft reglster and a logic
circuit, with the outputs_of two or more stages of the
shift register being connected to inputs of the logic
circuit and the output of the logic circuit connected to
the start of the shift register, the stages of the shift
register from which the outputs are applied to inputs of
the logic circuit and the logical operations performed by
the circuit being such_that'the group of bits stored by
the shift register is stepped through'a cyclically repeated
' sequence of different combinations of bits as shift pulses
derived from the clock drive signal are aﬁplied to the
shift register.



long as the tinme required for the nulti-state circuit to execute a conplete-
cycle of its states after the edge of the reset signal. 3. A circuit
according to claiml1 or claim?2, wherein.the nultl-sfafé'ET}CU|t i ncl udes a

shift register and a logic circuit, wtfythe r nore stages
of the shift register being connected t6 in m ‘@ circuit and
the output of the logic circuit connected t “t of the shift

regi ster, the stages of the shift register from whi ch the outputs are
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are applie regi | 0 do
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of bits | YaSkTEne Mukiretnte FAZEULE (5 BaRE 4B RBRY AHate,unbido unt
the controltlse aohtrolt eighaat 6. termindtedrcuit according to claim 3,
wherein the shift register is able to store two bits and the nulti-state

circuit is capable of assuming four different states represented by the .
four differ®nt chnbinauitnacobrdingbtosclaim 3) wherein theosdiif® to claim

5. her el n £Eg1LE8ECLE! EEYE tbNBLULES LhsOLMADARA! Ehe WitiLstard sai d

gat es havi n nput s resgect Il ve connect ed two out puts
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first of said gates
6. A circuit according to claim 5, wherein the logic
circuit includes two NAND gates, the first of said gates
having two inputs respectively connected to the two outputs
representing the bits stored in the shift register, and the
second of said gates having two inputs respectively
connected to receive the output of the first of said gates
and the output representing the bit stored in the second
stage of the shift register.

7. A circuit according to claim 6, wherein a first of
said NAND gates includes a third input connected to receive
a control signal derived from the reset signal.

8. A circuit according to claim 4 or claim 7, for use
with a reset signal that has a particular logic level for
at least as long as a predetermined duration that is longer -
than that required for the multi-state circuit to be
stepped through its entire cycle of states by the clock
drive signal, wherein the circuit includes means responsive
to the reset signal to produce the control signal having a
particular logic level for the predetermined duration.



and the oufput representlng t he b|t stored | gthé second stage of the shift

reglster 7. A circui.t accordi ng:to%els ,” wher d NAND
“gates includes a third input connected fo feceive ae”u‘m ﬂ"ﬂ ”Iﬂ ri ved '
fromwhe reset signal. 8. A circuit according to cHa|n1 LOln

use with a reset signal that- has a parTl%ﬁlar | ogic level for at Ieast as
|l ong as a predetern1ned duration that is |longer tha that required for the
multi-state circuit to be st“pped through its enti fcycle of states by t he
clock drive gignap, M‘S{:‘[Et_ akBs &&Fm&“'tb b?% WAgS Feg” %9]%3' V%:éélatf
reset signal’fo pro uce-the con aV|ﬁ a partlcu ar 9 eve
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as |IIustrat é 8 , e acconpanyl n raw n
data processtig E§<e n$h§99%gt9 Bher pRrEicBiatehapgdre 16V6de

I ncl udi ng a €éPrin@bies 6enehati navebcuit, a clock drive pul se generator
connected to supply clock drive pulses to all of 'the processors to operate

the cl ock pul se generating circuits and neans for generating a reset signal
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processors, ereln eac se"generating c I ncl’u
nult|-state'the accompanying draw1ngs.

11. A data processing system having a plurality of
separate processors each including a clock pulse generating
circuit, a clock drive pulse generator connegted to supply
clock drive pulses to all of the processors to operate the
clock pulse generating circuits and means for generating a
reset signal connected to supply the reset siqnal to all of
the processors for synchronising the operation of the clock
pulse generating circuits of the processors, wherein each
clock pulse generating circuit includes a multi-state
circuit responsive to the clock drive signal to produce a
cyclically repeated sequence of different output
combinations of bits, each'including a plurality of bits,
decoding means résponsive to the output combinations of the
multi-state circuit to produce a plurality of clock pulse
outputs corresponding respectively to the different output
combinations of the multi-state circuit, and nmeans
responsive to the reset signal and to a particular state of
the multi-state circuit to block the response of the
circuit to the clock drive signal beyond the particular
state for a period of time.



circuit responsive to the clock drive signal to produce a cyclically
repeated sequence of different output conbinations._of bitss—each including
a plurality of bits, decoding neans responsive to the o : i nations
of the nulti-state circuit to produge,g pl uraliaw“u I Mggboutpﬁf—s
correspondi ng respectively to the dif%erent out \ of the
multi-state circuit, and means responsive to the'reset signal and to a
particular state of the nmulti-state circuit to block the response of the

circuit taatheaclsyeitel iackoridimml Ht )i NEL patidréln akhetpésetor a period
of tinme. i _a(]f - 12. A stem%}(i_?ﬁrdl r}%étf c‘;rnwlltmhe el t he, reset
signal haSighad f@s Ay ndh Re it tekminates &Y | ength
of tine tihe fixsd lemythhof diimeasthdte is et rlepst eals f bong has nthei - st at e
circuit t e Of .4l . after ge of the
reset sig(r%a . %Tq%&%s?%@rﬁeta%}:%r |lﬁl:g;l tsodi%aﬁrﬁﬁlghéée?%gﬁggrgset si gnal
swi t ches complete cydle afodits |statiesf 4y dhe (rdge QF|therresetration
that is atgjl t as long as the time required for the nmulti-state circuit
to be steppéd through all its states, and in each processor the neans

responsive to the reset signal blocks the response of the nulti-state
signal toishe @ eystdn \accomiirg ftoreldim f11 Stwiveredin ctihe vésébe

party el SeiBhe Atk %o ' i od 0 {406 dnd baad thie
level for a duration that is at least as long as the time
required for the multi-state circuit to be stepped through ]
all its states, and in each processor the means'responsive ~’
to the reset signal blocks the response of the multi-state
signal to the clock drive signal from the first occurrence
of the particular state following the switching of the
reset signal to the particular logic level until the
termination of that level.




