DATA PROCESSI NG CIRCUIT i ncl udi ng A PLURALI TY OF SERI AﬁLﬁéf =6 —

3UB- Cl RCUI TS

BACKGROUND OF THE I NVENTION  This ifnventiaqn tﬁS’ﬂ'\Q

axcircuit arrangement com .prising a plurality of sub-ciTcuits for data=s = ¢

processi ng,

tPENs1B9LS EPPt s being providedIwith clock inputs for r@nédNped

clock signals for synchronizing the operation of the sub-circuits. In

particul ar,

10

15

20

25

the invention relates to

_ This Sheet Has Been

I

The invention relates to a circuit arrangement comprising a plurality of sub-
circuits for data processing, the sub~circuits being provided with clock inputs for
receiving clock signals for synchronising the operation of the sub-circuits. In particular
the invention relates to a circuit arrangement comprising semiconductor integrated

circuits for data processing wherein the operation of the sub-circuits in the system has

" to be synchronised for proper operation. In the frame of the present description with

data processing is meant the handling of any type of data, indepéndent_ of the associated

information content or the way the information is represented.

Such a circuit arrangement is known from EP-A 0 133 359. That document
describes a microprocessor chipset in which each chip receives clock pulses from a
system clock and is synchronised by an associated controller. The ;:hips are provided
with adjustable delay circuits to adjust the timing of the clock pulses. Adjustment of the
delay circuits occurs in response to a system clock pulse and to an internal clock pulse
from the chip. For each chip or sub-circuit such a separate synchroniser is necessary to
adjust the clock signals to the speed of the flow of the data signals through the circuit

arrangement.
The known circuit arrangement has several drawbacks. When implemented

in a digital circuit, the controller circuits must be faster.than any data processing
circuitry clocked by the clock pulses. Conse(iuently, the maximum possible speed of the
data processing circuitry is below the speed achievable with the available technology.
The use of analogue circuitry in the controller, to enhance speed, makes it impossiblé to
integrate the circuit on a semiconductor chip in, for example, CMOS technology
without loss of performance of the overall circuit. |

Another, very serious disadvantage of the use of synchronisers in a data

processing system is that errors are possible in the synchronisers while transferring

[T SHEET HAS BEEN l
' — RFPrA~TA 1



———

a . circuit arrangement conprising sem conductor int e« grat=ed G ktyitsfor, -
data processing wherein the opera- tion of the sub- éi l‘cw‘t.s |.n the systgm _
has to be synchro- nized for proper operation. In the cohtext* (S'f”t hes <« «
present dPEQY I3O13ERWPth, by data procedsing is nmeant the han- @R.18d98% any

type of data independent of the associat ed information content or the way
the information is repre- sented. Such a circuit arrangenent is known
f r om EP- Aclock p8ls86 froniTthatcenwalsieck todbe cmdlmgalasuh-rcmcm o%&exsswhnwol‘hyps et in

eynehr oo Sl M VeIl 58 i S0 nE Bepelif of FRETIRI e SPbnichimersang,
adj ust abl ﬁr&ﬁ’étﬁ)\ﬁ o THeld FElire Fet"U$d IEER Tbarianer szihdtdwe @ir@@i'& Pegl s 15,Adj ust -

ment of the delay circuits occurs in response to a system cl ock pul se and
to an int don2l Pdirtldﬁ?S@uPBéﬁf?-rllém thewe ig i ghance that a metas ble state occurs in the

5 synchroniser, for example, when the temperature of the circuit changes. This causes an
imperfect phase relationship whereby data pulses are swallowed or duplicated. The

failure rate increases strongly with the signal frequency.

10 It is, inter alia, an object of the invention to provide a circuit arrangement
) according to the introductory paragraph in which the synchronisation of sub-circuits
relative to one another is obtained without the need to provide a synchroniser for each
sub-circuit or integrated circuit chip. It is also an object of the invention to provide such
a circuit arrangement that can operate properly in a range of frequencies, several orders
15 of magnitude wide, up to the maximum frequency allowed by the integration
technology.

To this end, the invention is characterised in that the circuit arrangement
comprises at least one sub-circuit provided with a clock output, coui)led via the sub-
circuit to a clock input of that sub-circuit, which clock output is coupled with a clock

20 input of another sub-circuit. Hereby, at least part of the circuit arrangement receives the
synchronisation clock information not from an external clock via a synchronising circuit

} but from a clock output of a data processing sub-circuit. The clock signals and the

signals representing the processed data pass in parallel from one sub-circuit to a next
bne. Synchronisation is now a matter of making sure that the clock signals that pass

25 from one sub-circuit to the next, vig an interconnect, are subject to an equal delay and
to equal disturbances as the data signals. This can be realised relatively easy by making
the interconnects for the clock and the data signals as much as possible alike.

Advantageously, the circuit arrangement according to the invention is further
characterised in that said clock output is coupled to an input of a clock signal

30 regeneration circuit having an output coupled to said clock input of said other sub-
circuit. The deterioration of the clock pulses due to traversing the interconnect is to be

repaired by such a regeneration circuit. The circuit arrangement according to the
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For each chip or sub-circuit such a separate synchro< ni'zer is nEgessdr y* 0
adjust the clock signals to the speed of the flow of it He dalae3|gnaI§’ s
t hrough the circuit ar- rangement. The known circuit arrangenment has ‘" °
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troller circuits nust be faster than any data processing circuitry cl ocked
by the clock pul ses. Consequently, the maxi num possible speed of the data

processi ngimiention wialyrte fustheetiiradidrised e etht alehelevlabigralvegdnerdtivnairuitddl e
tecbnol ogy. The use of_ analog circuitry in the confrol- ler, to enhance
speed, nmkE8MPFisad s slosk dnpub PPFaB R spid other sub-circuit.

A circuit arrangement in accordance to the invention is further characterised
in that it comp__x:i@s a cpain of sub-circuits for data processing, each sub-circuit in the
5 chain comprising a data output coupled to a data input of a next sub-circuit and each
sub-circuit in the chain comprising a clock output coupled to a clock input of the next
sub-circuitit comprises a chain of sub-circuits for data processing, each sub-circuit in
the chain comprising a data output coupled to a data input of a next sub-circuit and each
sub-circuit in the chain comprising a clock output coupled to a clock input of the next
10 sub-circuit. The clock signals are guided in parallel with the data to be processed
through the chain of sub-circuits. Synchronisation along the chain is optimised.
An embodiment of the circuit arrangement according to the invention is
characterised in that the clock input of a clock signal regeneration circuit comprises a
plurality of clock input terminals for providing thereat a corresponding plurality of
15 clock signals having a frequency relationship to each other, the clock signal
regeneration circuit comprising detection means for detecting characteristic features in
the clock signals and pulse generation means for reg_enerating clock signals with
parameters derived from an occurrence of said characteristic features. Deterioration of
the pulses is significant in high frequency applications wherein the wavelength of the
20 clock and data signals is comparable with the length of the interconnect between the
sub-circuits. The deterioration of the clock signals while traversing the interconnect will
influence mainly the shape and duty cycle and the position of the edges but will not
influence the frequency. The occurrence of certain characteristic features in one of the
clock signals can be used to trigger the generation of a new clock pulse, whereas the
25 occurrence of a feature in another clock signal is to be used to determine further -
parameters of the pulse, such as pulse-length or the duty cycle of the clock signal. As
the frequency is not influenced, regeneration of clock signals can be obtained without
programming the regeneration circuits to a particular shape or length of the clock
pulses. o
30 This embodiment of the circuit arrangement accordiﬁg to the invention may
be further characterised in that the clock signal regeneration circuit has an input and
output comprising an equal number of input and output terminals, and in that the clock
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2 the circuit on a seniconductor chip in, for exanple, CMOG ‘technel ofyy  «“*«.""s

w thout a |oss of performance of the overall circuit. Anot,her very e
serious di sadvantage of the use of syn- chronizers in a data proc€ssirig
systemis that PEIN d3.912EP-Possi ble in the sydchroni zers while transf@yifig92
clock pulses fromthe central clock to the individual sub-cir- cuits. As is
shown by H J. M Veendrick in the article "The Behavior of Flip-Flops Used

as Synchroni Zersrgnﬂrtégé?reexﬂontdmmtcii afE’amgad forirégeneraBag elockisignalsBiAtH freqoaicyaind
solid-state circuits, Vol SC 15, No. ri| 1980, pp 169-176, there is a
chance that a paasgJelationships dylgcibggqual to the frequency and phase relationships between the

clock signals available at the input terminals of the clock signal regeneration circuit.
The input andﬁ_c.n-ltput clock signals of the regeneration circuit have the same characteris-
S tics. Therefore, only o;le type of regeneration circuit is necessary in the whole chain of
sub-circuits which contributes to ease of design and a modular architecture of the circuit
arrangement.
A preferred embodiment of the circuit arrangement according to the

invention is characterised in that the clock signal regeneration circuit comprises two

10 input terminals for first and second input clock signals, respectively, and two output
terminals for first and second output clock signals, respectively, in that the detection
means are arranged for detecting occurrence of one type of feature in the input clock
signals and in that the pulse generation means are arranged for generating a rising edge
in the first and a falling edge in the second output clock signals in response to the

15 occurrence of a feature of said one type in the first clock signal and for generating a
falling edge in the first and a rising edge in the second output clock signal in response -
to the occurrence of a feature of said one type in the second input clock signal. If the
input clock signals are approximately each others i}lverted signal and the edges of the
output clock signals are generated with a delay that is substantially equal, the output

20 clock signals are approximately each others inverted signals as well. Regeneration of
clock signals occurs then without the need of special delay circuits or some kind of
local knowledge in the regeneration circuit about the desired pulse shape. The timing
circuitry of the circuit arrangement can be made relatively simple and reliable. The only
condition remaining is that the propagation of the two clock signals through the sub-

25 circuit takes the same time interval. This can be ensured by accurate dimensions of the
relevant circuit elements.

The circuit arrangement according to the invention is particularly

i advantageous in applications using integrated circuits for high frequency data

processing. One or several sub-circuits for data processing and associated regeneration
:?0 circuitry may be integrated on a single semiconductor integrated circuit chip. When
Several sub-circuits are integrated on one chip, clock signals are passed between

different portions and regenerated at several places of this chip.
R —
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i'n the synchronl ser, for exanple, when the tenperature:of ‘te cir Glfist ety
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are lost or duplicated. The failure rate increases grea’[ly Wi t "t hE “si N\
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i ntroductory para- graph in which the synchronization of sub-circuits rela-
tive to one another The utyteahlmedwttlhtomo ammteg'e@dtccrcpxtdvn mhaatsqmmhuazer
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the maxi mum frequency al.l ovved by the integration technol ogy.
circuit.
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S These and other, more detailed aspects of the invention will now be

elucidated by way of example with reference to the accompanying drawings.

Figure 1 shows diagrammatically a circuit arrangement according to the
10 invention;
', Figure 2 illustrates a possible deterioration of clock pulses;
Figure 3 shows a circuit to restore the clock pulses;
Figure 4 shows diagrammatically an embodiment of a clock signal
regeneration circuit using more then one input signal;
15 Figure S shows a few timing diagrams of clock signals in the circuit of
Figure 4 to illustrate the working of this circuit;

Figure 6 shows diagrammatically another embodiment of a clock signal

regeneration circuit; and
Figure 7 illustrates a chain of sub-circuits with intermediate sets of

20 regeneration circuits.

Figure 1 shows a circuit arrangement for information processing. The circuit
arrangement shown comprises three sub-circuits 10, 20 and 30, an entrance circuit 40
25 and an exit circuit 50. By way of example, the circuit arrangement may consist of a
decoder 10, a logic processor 20 and an encoder 30. The entrance circuit 40 is, for
example, an analog to digital convertor and the exit circuit 50 a parallel to serial
convertor. Each of the sub-circuits may be implemented on a separate integrated circuit
with or without attached discrete components, or even comprise a few integrated
30 circuits. Alternatively, two or more of the sub-circuits may be integrated on a single

integrated circuit. N
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Fo this end, the invention is characterized in that:thé ¢ircait  arrdangement
conprises at |east one sub-circuit provided with a ¢l ock:qut put,  goupj ed”
via the sub-cir- cuit to a clock input of that sub-circuit, To ¢l ock:out put
i s coupl eBHN Ih9W EPRK input of anothef sub-circuit. As a resf13:10.4992 east
a part of the circuit arrangenent re- ceives the synchronization cl ock

I nformation not froman external clock via a synchronizing circuit, but
froma cl ock out phe imfbrraatémaégrml@ci;si@pwgtowéata-ienwop.ﬁmfe&cleomwicg?waits and

the si gnai& Aﬁ&rﬁsegr%tcies@gugt, ?ne er&%%% eegonc\j/%}s?on of an analog signal into a digital
signal, the information signal is passed to the sub-circuit 10, via its data input 13. The
information is .subsequently processed by this sub-circuit, in the assignment of the
5 example the co..d'ing of the data is changed from the format generated by the analog-to-
digital convertor to a format digestible by the logic processor, and passed to the next
sub-circuit 20 via the data output 14 and the data input 23. After processing in this sub-
circuit, i.e. performing certain logic and arithmetic operations upon the data, the
processed data are passed to a last sub-circuit 30. In the given task assignment of the
10 sub-circuits the coding format of the digital data is changed again and the coded data
) are output in parallel at the data output 34 connected to an input 53 of the exit circuit
50. In the exit circuit 50 the processed data are buffered and subsequently become
available at the serial output 54 as a serial information signal S.
The entrance and exit circuits 40 and 50 receive timing signals that are
15 synchronised with the frequency at which the sub-circuits 10, 20 and 30 operate. The
additional timing signals for the entry and exit circuits are generated in pulse generators
62 and 64 and synchronisation between these pulse generators and the system clock 60
is, for example, assured by connections 61 and 63. The three sub-circuits 10, 20 and 30
are all operating at the same frequency, the clock signals being derived from system
20 clock 60 and presented to each of the sub-circuits 10, 20 and 30 via clock inputs 11, 21
and 31, respectively. '
) According to the invention not each of these clock inputs are connected to a
clock output of the system clock 60, only the clock input 11 of the first sub-circuit 10
is. The clock inputs of the downstream sub-circuits 20 and 30 are each coupled to a
25 clock output 12 and 22 of the previous sub-circuits 10 and 20, respectively. The clock
outputs 12 and 22 of the sub-circuits 10 and 20 are coupled by a path through the sub-
circuits to the clock inputs 11 and 21, respectively. Consequently, synchronisation of
the downstream circuits 20 and 30 is achieved. As the clock signal flows in parallel
with the data signals separate synchronisers and tuning thereof is unnecessary.
30 In Figure 2 a possible behaviour of the clock pulses while traversing an
interconnect between two sub-circuits is illustrated. In the Figure, "H" indicates the
"high" level and "L" the "low" level of a signal. The input clock signal 101, shown in
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3 pass in parallel fromone sub-circuit to a next one:-,Syns chronr;atkoncas
now a matter of making sure that the clock signals tHat: pass from‘bne,,, "
sub-circuit to the next, via an interconnect, are sub;ect to ah - -équal -del ay
and to the PHENH3. QISGIEP-@quaI di sturbances7as the data signals. TObd0cH92be
realised relatively easy by making the inter- connects for the clock and
the data signals alike as nuch as possible alike. Advant ageously, the

circuit ar Wﬁgﬁ&i@br@&p@ﬁdwmgﬁr@ thiRistyWRpilsanwitls sty Hbiag a@haﬁmgeageﬁd in
that said clock o Is coupled to _an input of a clock s

regener at i df2 cﬂ@%am{)a Satf exsleanl ehaub ap % dugp thsilengthsefi the “high" %enl)d of the
signal is approximately equal to the length of the "low" period. In the lower portion of
the Figure, a posmble signal shape 111 is shown after traversing an mterconnect The
5 “high" and "low" penods in the signal exhibit some transients, the rising and falhng
edges 112, 113 may be more gradual and, in particular, the duty cycle may be
increased or decreased. Due to more gradual edges the change in duty cycle will be
even more prominent.
The deterioration of the clock signal while traversing one or more sub-
10 circuits poses serious limits on the length of the chain of sub-circuits. In particular, in a
’ high frequency application, where a period of the clock signal has a length comparable
to the time needed to traverse a sub-circuit or to traverse the interconnect between sub-
circﬁits, the system will fail. In Figures 3 an example of a circuit arrangement is shown
in which the clock signal at the end of an interconnect is regenerated. The regeneration
15 circuit shown comprises an edge triggered frequency divider 120, by way of example is
shown a D-flip-flop switched as a frequency divider by connecting the Q-output to the
D-input, followed by a frequency multiplier 121, for example a phase locked loop, and
a pulse shaper 122. In an alternative embodiment, the frequency multiplier is triggered
by the rising edges of the clock signal pulses and followed by a frequency divider.
. 20 In Figure 4 an implementation of a preferred embodiment is diagram-
" matically shown. An integrated circuit 200 comprises a clock input 211 having two
b clock input terminals 211a and 211b for receiving two distinct clock signals of the same
frequency. The integrated circuit comprises a multitude of further terminals, bonding
pads or pinouts, not shown, for voltage supply, control signals, data input and output.
25 The two clock input terminals are connected to the inputs 221, 222 of first and second
internal pulse generators 223 and 224, respectively. Each of these internal pulse
generators 223 and 224 generates clock pulses ¢;; en ¢,, for internal use in the circuitry
: of the integrated circuit 200 or in a portion of the same.
The outputs 225 and 226 at which the clock pulses ¢;; and ¢;; become
30 available are coupled via connections 227 and 228 to the set (S,) and reset (R,) inputs
of an RS-flip-flops 231. The connections between the pulse generators and the RS-flip-
flop may contain buffers or other circuitry. In the connection 227 from the first internal
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clock input of said other sub-circuit. The deterioratiop:pof-<the ¢laek < o
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pul ses due to traversing the interconnect is to be repaﬁ rEd by such.a 3,,; R
regeneration circuit. The cir- cuit arrangenent according te'thefd riveﬁt leOTEE ¢

may be furthe gpiged in that the clgck signal regenera- tiqgy 10, 1992
circuit is m%ﬁmggi |ﬁn a clock input portion of said other sub-circuit.

circuit arrangenent in accordance to the invention is further char acterl zed

in that it col%(ﬂﬁé&ﬁﬂﬂ?%{aﬁg BRichs a#'dp%{é) r%&ﬁtﬁﬁgfﬁ Bglﬂ? '|‘nput

sub-circuit n conprising a a“ou couple
of a next subprovidedité gaidd thapllss tbthei da(mpttocemntgf;mrﬁhabﬁ theosirmuitsarngbairchine k
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The clock si %éctﬁhez,’z@u 'bg%eh T &cBhd Sltetfal Pultd Serdritdr $24 and the RS-flip-flop,

5 an equivalent buffer c1rcu1t 230 is added as a dummy load for achieving symmetry
between the two connections 227 and 228. If the clock pulses ¢;, from the second
internal pulse generator 224 are not used in the sub-circuit, the buffer circuit 230 is
present but has its output not connected. Additional taps may be provided at the same or
at the other connection.

10 Output 225 of the first internal pulse generator 223 is coupled to the S, -input
232 of the RS-ﬂip-ﬂop 231 and output 226 of the second internal pulse generator 224 is
coupled to the R -input 233. The Q- and Q_-outputs 234 and 235 of the RS-flip-flop are
coupled to the clock output terminals 212a and 212b, respectively, of the clack output
212 of the circuit. In between the Q- and Q,-outputs and the output terminals 212a and

15 212b a series of buffers may be arranged. The arrangement of internal pulse generators
223, 224 and RS-flip-flops 231 forms a clock signal regeneration circuit 210 from
which a clock pulse for the sub-circuit 200 is derived via a tap 219.

The clock regeneration circuit 210 as described above works as follows. As
a starting point it is assumed that the circuit is in a stage during normal operation in

20 which the Q-output 234 of the RS-flip-flop 231 is "low" and the Q,-output 235 is
"high". When a rising edge of a clock input signal arrives at input 221 of the first
internal pulse generator 223, the latter generates a pulse ¢;; at its output 225.
Alternatively, the pulse generator may be triggered by the occurrence of a falling edge.
The pulse ¢;; serves to clock the circuit. The pulse ¢;; is also transmitted to the S, input

25 232 of the RS-flip-flop 231, consequently the Q-output of the RS-flip-flop 231 will go
"high" and the Q,-output 235 will go “low”. When a rising edge arrives at the input
222 of the second internal pulse generator 224 a pulse ¢, is generated that is
transferred to the R -input of the RS-flip-flop 231. Consequently, the states of the Q
and Q,-outputs are reversed, i.e. the Q-output 234 will go "low" and the Q -output 235

30 will go *high". Due to the internal structure of an RS-flip-flop more time is needed
after the arrival of a pulse at the S -input for the Q,-output to change state then for the

Q-output to change state, and vice versa when a pulse arrives at the R -input. Because
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be processed through the chain of sub-circuits. Syn- chrenrjzation.al ong nhe
chain is optimsed. An embodi nent of the circuit ary a:ngement'acgordl g to
t:he invention is characterized:in that the clock input-of-ca‘clbck. ..sl'gna‘l,c ¢

regener at i Qi RoYMst EBppri ses a plural- 9ty of clock input termggalgsidoar
providing thereat a cor- responding plurality of clock signals having a
frequency rel ationship to each other, the clock signal regeneration circuit

COTDY 15110 S bl EAE St Bk SEERcRARLe ASLRIAT) bl AN it e
wi th par anﬁ‘roméﬂ%.derl ved from an occurrence of said characteristic
When the RS-flip-flop used is symmetrical in the sense that the delays
between a pulse amvmg at the S -input till the changes of states of the Q- and Q-
5 outputs, respectwely, are equal to the delays between a pulse arriving at the R-input till
the changes of states of the Q,- and Q-outputs, respectively, the signals at the Q- and
Q,-outputs can be used directly as clock signals. However, due to the above mentioned
internal structure of the RS-flip-flop, these clock signals will not have a 50% duty cycle
and, consequently, they will not be exactly each others inverted signals.
10 The outputs 225 and 226 at which the clock pulses ¢;; and ¢,; become
) available are coupled via connections 227 and 228 to the set and reset inputs of the RS-
flip-flop 231, respectively. When the delay from the arrival of a rising edge at input
terminal 211a till the moment the level at output terminal 212a changes is almost
identical to the corresponding delay from input terminal 211b till output terminal 212b,
15 the phase difference between the clock signals CL;, and CL;, at the respective input
terminals is transferred to the clock signals CL,; and CL,, at the respective output
terminals. By a well-designed lay-out together with accurate dimensions of the
rege:neration circuitry, it is very well possible to achieve such conservation of the phase
difference. It is remarked that in the circuit the frequency and the phase difference of
20 the input clock signals is fully maintained also when the actual shape and duty cycle of
the clock signals deteriorates in approximately the same manner, during transfer
) between regeneration circuits. The signal paths for the clock signals, and also for data -
signals, should be as much alike as possible.
In Figure 5 pulse shapes are shown at various points in the circuit described
25 with reference to Figure 4. The horizontal axis in the Figure represents time t. The two
upper curves CL;, and CL,;, represent possible clock signal shapes at the inputs 221 and
222 of the first and second internal pulse generators 223 and 224. As both clock signals
started from similar pulse generators in an earlier circuit and have traversed identical
interconnects, the pulse shapes of the two clock signals is largely identical. In the
30 internal pulse generators 223 and 224 pulses ¢;, and ¢, are generated, shown in the
middle two curves. The timing of pulses ¢;; is synchronised with a point in the rising
edges in clock signal CL;; and the timing of pulses ¢, is synchronised with similar
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features. Deterioration of the pul ses is significant,:in-hjgh frequeney
applications wherein the wavel ength of the clock and dat a- si gnal s*is. ,'
conparable with the length of the interconnect between the sub- c+rcuHs ‘

The deteripynr gd.9pnEPip t he cl ock signal sigvhil e traversing the i ngseig.1992
connect will influence mainly the shape and duty cycle and the position of
t he edges but vm' Il not influence the frequency. The occurrence of certain

Charoct e A iR MGEE e, ohrp ks Spaabss S5, U5 R4 cobione,
i n anot herouwputcioaki signalls CE., i andb€Lyps @vaitable at the output clock terminals 212a and
212b. The rising edges of the first output clock signal CL,; are synchronised with the
pulses ¢;;, the falhng edges with the pulses ¢,. The second output clock signal CL, is
5 synchronised the other way around, the rising edges are triggered by pulses ¢;,, the
falling edges by pulses ¢-.1. The delays, indicated in the Figure with A7, represent the
difference in time between the switching of the Q,-output and the Q-output in a flip-flop
after a pulse arrives at the R -input and the corresponding difference in time between
switching of the Q- and Q,-outputs after a pulse arrives at the S -input. As shown in
10 Figure S, t‘his leads to output clock pulses of which the duty cycle deviates from 50%.
With the above described embodiment a better clock output signal, in term
‘of steepness of the edges, length of the "high" and/or "Tow" periods, response time at
the R- or S-inputs, or duty-cycle, can be obtained at a high operation frequency, at one
i of both outputs. However, the performance of the other output is then reduced and
| 15 symmetry between the two outputs is lost. To maintain symmetry, for example to
achieve a 50% duty cycle, two identical flip-flops have to be used. Such an embodiment
is illustrated in Figure 6 which is identical to Figure 4 with the exception of the two
Ré-ﬂip—ﬂops 241 and 242 replacing the single flip-flop 231 in that Figure. Identical
reference signs are used for elements common with elements in Figure 4 and no
20 description is given here for those elements. Reference is made to the description of
h Figure 4 for further details concerning those elements.
Output 225 of the first internal pulse generator 223 is coupled to the S-input
243 of the first RS-flip-flop 241 and to the R-input 246 of the second RS-flip-flop 242.
Qutput 226 of the second internal pulse generator 224 is coupled to the S-input 244 of
25 the second RS-flip-flop 242 and to the R-input 245 of the first RS-flip-flop 241. The Q-
outputs 247 and 248 of the two RS-flip-flops are coupled to the clock output terminals
212a and 212b, respectively, of the clock output 212 of the circuit.

This embodiment of a clock fegeneration circuit works as follows. Again, as
a starting point it is assumed that the Q-output of the first RS-flip-flop 241 is "low" and
30 the Q-output of the second RS-flip-flop 242 is "high". When a rising edge of a clock
input signal arrives at input 221 of the first internal pulse generator 223, the latter

‘generates a pulse ¢;; at its output 225. The pulse ¢;; serves to clock the circuit and is
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determne further parameters of the pulse, such as pulse-:|ength-or ghee
duty cycle of the clock signal. As the frequency is madt Influenced, <..; .°
regeneration of clock sig- nals can be obtained w thett :programiing tdier .

regener - ' j1lcCiib S t O a particul ar yshape or | ength of the 08K1992
pul ses. q:tﬂllﬁirlg'cgelr?bc%%?srrent of the circuilii arrangenment accord- Pﬁg t'099t he

i nvention may be further characterized in that the clock signal

regeneration Circuit ' LIS ay - nber of
ot b0 sty Grihe Snp B & Bihe 1084 b AR ' 0t R s e Y 0T O
cuit is arsé&?ﬂ%—h@;ﬁ-ﬂbﬁ@%.ecaﬁdeq@erflzpﬂie Q-duidt of whé First RS fifsfey 2eneviphase

rel ationshi ps which are equal to e fre%uenq and phase rel ationships
bet ween t 2@ "highicandsthainef e soeand J-Eipsflop 442 M{vhao tlaWn Wa1es Bofising edge| ock

signal r e%ﬁ@&%kﬁ&iﬁh{ Eﬁ.‘ be thE\EcdrdPiterfidl hudd! f¥dkrator 224 a pulse ¢, is
5 generated that is transferred to the R-input of the first RS-flip-flop 241 and to the S-
input of the second RS-flip-flop 242. Consequently, the states of the Q-outputs of both
RS-flip-flops are reversed, i.e. the Q-output of the first RS-flip-flop 241 will go "low”
and that of the second RS-flip-flop 242 will go "high".
This embodiment can also be used to achieve a 50% duty cycle when the

10 RS-flip-flops are not symmetrical in the sense that the delays between a pulse arriving at
the S-input till the changes of states of the Q- and Q-outputs, respectively, are equal to
the delays between a pulse arriving at the R-input till the changes of states of the Q- and
Q-outputs, respectively.

In Figure 7 two integrated circuits 310 and 330 are shown in cascade. For

15 simplicity, only connections relevant for the clock signals are illustrated, data and
power connections are not shown. The two integrated circuits 310 and 330 are clocked
with a system clock 300 which generates clock pulses. The clock pulses are provided to
a first input of a first NAND-gate 303 and, after inversion in an invertor 301, to a first
input of a second NAND-gate 302. The second inputs of both NAND-gates are

20 connected to the outputs of the other NAND-gate, thereby inhibiting both outputs to be
"high” at the same time. The output signals of both NAND-gates are input to clock
input terminals 311 of the first integrated circuit 310. The signals are regenerated by a
clock regeneration circuit 312, from an output 313 of which a clock signal is tapped to
synchronise a first data processing sub-circuit 314 in the integrated circuit 310.

25 The clock outputs of the first regeneration circuit are connected to clock
inputs of a second clock regeneration circuit 316 on the same integrated circuit, via an
on-chip interconnect 315. A tap 317 at this second clock regeneration circuit 316 is |
provided to clock a second sub-circuit 318. As illustrated in the embodiment shown, the
integrated circuit 310 comprises a third regeneration circuit 320 and a third data

30 processing sub-circuit 322. The latter is synchronised from the third clock regeneration
circuit via a tap 321. The inputs of the third clock regeneration circuit 320 are coupled

to the outputs of the second clock regeneration circuit 316 via on-chip interconnect 319.
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clock signals of the regeneration circuit have the same. &haract er,Lstlp,s
Therefore, only one type of regenera- tion circuit i g r;ecgssafy i thie« s
whol e chain of sub-cir- cuits, which contributes to éase.of ¢ deSi.gn and}a: K

nodul ar  ar ey 95tgyseswp the circuit arranggenent. A preferred gshedigy

of the circuit arrangement according to the invention is characterize
that the clock signal regeneration circuit conprises two input term naI s

for first and secon ' ut

termnals for first %égfgése‘cofﬁ%%%ﬁglgw@ 'r%geﬂe:lzauﬁﬂ% 1!95?&@@&@%&;%’&?

that the defoffschip idterconmen325rto the chnlgénbdmemdmmof arsgcdnﬁanmgmd exmﬁt of
330. This second integrated circuit comprises, for example, only one data processing

circuit 333 ang_c;ne clock regeneration circuit 331,
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ong type of feature in the input clock signals and ingthat'¢thecpudse ‘¢ fjf
geperation means are arranged for generating a r|S|ngredge in the first:ard
a‘falling-edge in the second output clock signals in r'espdnse ‘to ‘the =«
occurrence pina13.634 wpepof said one type g the first clock signaps.apdober
geperating a falling edge in the first and a rising edge in the second

out put clock signal in response to the occur- rence of a feature of said

one type indiligsecond input clock signal. If the input clock signals are
appproxi - mately each others inverted signal and the edges of the out put

cljock signals aregﬁaer_apeel—w{—h—a"dan that is

N

1. - Circuit arrangement comprising a plurality of sub-circuits (10, 20, 30) for
data processing, the sub-circuits being provided with clock inputs (11, 21, 31) for
receiving clock signals for synchronising the operation of the sub-circuits (10, 20, 30),
characterised in that the circuit arrangement comprises at least one sub-circuit (10)
5 provided with a clock output (12), coupled via the sub-circuit (10) to a clock input (11)
’ of that sub-circuit, which clock output (12) is coupled with a clock input (21) of another
sub-circuit.
2. Circuit arrangement according to Claim 1, characterised in that said clock
output (12) is coupled to an input of a clock signal regeneration circuit (120-122) having
10 an output coupled to said clock input (21) of said other sub-circuit.
3. Circuit arrangement according to Claim 2, characterised in that the clock
signal regeneration circuit (120-122) is comprised in a clock input portion of said other
sub-circuit.
4, Circuit arrangement according to Claim 1, 2 or 3, characterised in that it
15 comprises a chain of sub-circuits for data processing (10, 20), each sub-circuit in the
k chain comprising a data output (14, 24) coupled to a data input (23, 33) of a next sub-
circuit (20, 30) and each sub-circuit in the chain (10, 20) comprising a clock output (12,
22) coupled to a clock input (21, 31) of the next sub~circuitit comprises a chain of sub-
circuits for data processing (10, 20), each sub-circuit in the chain comprising a data
20 output (14, 24) coupled to a data input (23, 33) of a next sub-circuit (20, 30) and each
sub~circuit in the chain (10, 20) comprising a clock output (12, 22) coupled to a clock
input (21, 31) of the next sub-circuit.
S. Circuit arrangement according to Claim 2, 3 or 4, characterised in that the
clock input' (211) of a clock signal regeneration circuit comprises a plurality of clock
25 input terminals (211a, 211b) for providing thereat a corresponding plurality of clock

signals having a frequency relationship to each other, the clock signal regeneration
circuit comprising detection means (223, 224) for detecting characteristic features in the
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substantial ly equal, the output clock signals are approxi— mately eagh .
ot hers inverted si gnal s as well. Regenera- tion of ctoCk Si gnal S. occ’urs ,f'
then without the need of special delay circuits or sone ki'nd 6f il ocal .

know edge ration circuit abput the desired pul se s

timng ci r%%N: g;ﬁ:f%% circuit arrangerrg&jnt can be made rel atlv% Si ;rr%??
and reli abl e The only condition remaining is that the propagation of the
two cl ock nal s .t hr t he sub-cirui sanme ti rval ., This
can be enstietk Bnalt g Rile gefrmton s a1 ¢ AEF A8 65 Feedartine ofliiEnas

The circui $v1tﬁrp"a?di‘x€8i£f§%n@€c?%ﬂi MoéRriel€e bV chalctkSstRAfehhgsd, ar | y
advant ageous in ag&gl cations using inte- grated circuits for hi ghé&r&equency

data procesing. cuit amangement sesording dutkaim S charaetaripadoinetbal e ©
associ - at selgnal Efggeerﬁgx[aﬁgn %ucﬁi't r(fﬂj)thrax a}ﬁXp\R%i ﬁta?lgroqﬁﬁﬂ (Qﬁ)aco%ﬁ?lsmg an
5 equal number of input (211a, 211b) and output terminals (212a, 212b), and in that the
clock signal regeneration circuit is arranged for regenerating clock signals with
frequency and phase relationships which are equal to the frequency and phase
relationships between the clock signals available at the input terminals (211a, 211b) of
the clock signal regeneration circuit.
10 7. Circuit arrangement according to claim 5 or 6, characterised in that the
) clock signal regeneration circuit (210) comprises two input terminals (211a, 211b) for
first and second input clock signals, respectively, and two output terminals (212a, 212b)
for first and second output clock signals, respectively, in that the detection means (223,
224) are arranged for detecting occurrence of one type of feature in the input clock
15 signals and in that the pulse generation means (231, 241, 242) are arranged for generat-
ing a rising edge in the first and a falling edge in the second output clock signals in

response to the occurrence of a feature of said one type in the first clock signal and for

generating a falling edge in the first and a n'sing edge in the second output clock signal
in response to the occurrence of a feature of said one type in the second input clock
20 signal.
8. Circuit armﬁgement according to any one of the Claims 2 to 7, characterised
in that a sub-circuit (323) and a clock signal regeneration circuit (321) are integrated on
a single semiconductor integrated circuit (320).
S. Circuit arrangement according to claim 8, characterised in that a plurality of
25 sub-circuits (314, 318, 322) and clock signal regeneration circuits (312, 316, 320) are
integrated on a single integrated circuit (310).

10. Integrated circuit suitable for application in a circuit arrangement according
to any one of the Claims 2 to 7, comprising at least one sub-circuit for data processing

and at least one clock signal regeneration circuit.
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gl e sem conductor integrated circuit chip. \Wien sev- egrafte sups v cui.t'g are
I ntegrated on one chip, clock sig- nals are passed tpetrvveen dli’rferent’ug c.‘
portions and regener- ated at several places of on this: chi prre The =« &

inventi oAl 99.913l gbgs to an integratedjgircuit for applicationgsnesyph a
circuit arrangerrent According to the invention such an integrated circuit

conprises at |east one sub-circuit for data processing and at | east one

cl ock si %a! regeneration circuit

An information processing system comprises several sub-circuits (10, 20,
30), each performing a part of the processing of the information or data. The operation
of the sub-circuits is synchronised with clock signals applied to clock inputs (11, 21,
31) of the sub-circuits. The clock sigr{als are derived from a system clock (60) and
5 transferred to each sub-circuit (30) via the sub-circuit or sub-circuits (10, 20) preceding
b that sub-circuit in processing the data. To avoid deterioration of clock pulses while
transferring the interconnects between the sub-circuits, clock regeneration circuitry is
arranged in the chain of sub-circuits. The clock regeneration circuitry is preferably
integrated together with the data-processing sub-éircuits.
10

(Figure 1)
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B EF DESCRI PTI ON e and other; ‘poré detai'Ted aspétt €O
offthe inven- tion wl}.now be el yci dated by way of: ekanple Wi th tefergnce
t he acconpanyi ng dr’t{us'%leetltfas'Be ; FIG 1 shows di'agranmaficaflly a

cuit arrangenent accmm ﬂ I i nventi on: FIG 2 illustrates a
pdssi bl e deterioration. es; FIG 3 shows a cifddt to
rgstore the clock pul ses; FIG 4 shows diagrammtically an enbodi nent of
ajcl ock signalf2regeneration circuit using nore than oﬁ(e i nput signal ;
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reuit; FIG 6 _shows diagramratically another gmbodiyrent: gk« a claock.
gnal regeneration circuit; and FIG 7 illustrétes & chain of <.t .*
gib-circuits with i mhieshwesHagBes %S of regeneration €] fCuiect$ie © el el
TAlI LED DESCRI PTI ON m{ “ PREFERRED ENMBCDI MENT FIG 1 shows a
ircuit arrangenent f _ processi ng. The circuitéﬁfaangenent
r

hown conprises three sub-circuits 10, 20 and 30, an input uit 40 and
n output circuit 50. By way of exanple, the circuit arrangenent nay
onsi st of a decoder 10, a | ogl@d pro- cessor 20 and an encoder 30. The
nput circuit 40[1s, Tor exanple, an analog to digital konvertor and the
output circuit 50 a parallel to serial convertor. Each pf the sub-circuits
may be inplemented on a separate inte-
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rated circuit with or without attached discrete COMpo: nert s, oreeven'
Onprise a fewintegrated circuits. Ater- natively, to, orf npr'e, Ofcct he

gub-circuits nay be inte- grated on a single |ntegratetj ci Fedrft. Anc ¢

nformation signal Ais applied to a data input 43 of the input circuit 40.
iAfter preprocessi ng,

in the exam ple conversion of an anal wgl gnal into a
digital signal, 7
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thé information signal is passed to the sub-circuit 10 via_ its dat a I nput

13 ~The information is s ntly pro- cessed by this su
‘present exarrpl’e"t‘ﬁE’(Y)aT‘r-:gsﬁ?H?he data i s changed fromtheg 'ITWM__QENM ;*ggmﬁﬁ

by the anal og rfhg'sﬂéegﬂisaﬂeend*‘@ﬂi% tor to a format digestible pyjthe logic

processor, and ext sub-cir- cuit 20 via the]dptd6oDEGUHL4
and the data in “ma“m rocessmglln this sub-circuif,]i.e.

perform ng cer- gic and arithmnetic operations upon }he data, the
processed data is passed to a last sub-circuit 30. In the [" ven task
assignnment of the sub-circuits the coding format of the di gltal data is

changed agai n and QIRCUIT FRRIMNGEMENT IOMHRISINGh Ao HIAIRAIITYE Qfe data
out put 34 connsuBedIROUZWSi ANDt CEACKf STANABURBGENERAETLON SBRCUATERe out put

circuit 50 the processed data is buffered and subsequently becones
avai l abl e at the serial output 54

The invention relates to a circuit arrangement comprising a plurality of sub-
circuits for data processing, the sub-circuits being provided with clock inputs for
receiving clock signals for synchronising the operation of the sub-circuits. In particular
the invention relates to a circuit arrangement comprising semiconductor integrated
circuits for data processing wherein the operation of the sub-circuits in the system has

“to be synchronised for proper operation. In the ffame of the present description with
data processing is meant the handling of any type of data, independent of the associated

information content or the way the information is represented.

Such a circuit arrangement is known from EP-A 0 133 359. That document
describes a microprocessor chipset in which each chip receives clock pulses from a
system clock and is synchronised by an associated controller. The ;:hips are provided
with adjustable delay circuits to adjust the timing of the clock pulses. Adjustment of the
delay circuits occurs in response to a system clock pulse and to an internal clock pulse
from the chip. For each chip or sub-circuit such a separate synchroniser is necessary to
adjust the clock signals to the speed of the flow of the data signals through the circuit
arrangement. '

The known circuit arrangement has several drawbacks. When implemented
in a digital circuit, the controller circuits must be faster than any data processing
circuitry clocked by the clock pulses. Conseciuently, the maximum possible speed of the
data processing circuitry is below the speed achiévable with the available technology.
The use of analogue circuitry in the controller, to enhance speed, makes it impossible to
integrate the circuit on a semiconductor chip in, for example, CMOS technology
without loss of performance of the overall circuit.

Anpther, very serious disadvantage of the use of synchronisers in a data

processing system is that errors are possible in the synchronisers while transferring
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as’ a serial information signal S. The output and output circuits 40 and

.50 receive tim nanchroni zed to the f Rﬁgﬁn
the sub-circuits 1Qy,;4 and 30 operate. The addi- tional - A Ly Ell
the input and out puE{ s Been®eg,cgenerated in pul se gengrgtors 62 and 6¢

and synchroni- sati e pul se generators and |t he 24 DFOMIGKOCK
60 is, for exanple, nection§ 61 and 63. Th¢ three
n

sub-circuits 10, 20 and 30 are operating at the sanelf reguency,—tie
cl ock signals being derived fromsystem clock 60 and pregented to each of

h b- ci [ 10, 20, and 3 ' | ock | 11, 21 d, 31,
ﬁegngt i vg: rCLt‘I Iguslﬁécfé?"ﬂithgg?fﬁn&ﬁﬁcﬁﬁgégéFES{IL‘IV?B';‘{IE“B?“FW&%Z{]HS&%RWP Muts are
not connectgq ¥0 vaefid R4K 0&\&%&!9“'{%@%&%}36?& FlipFofilusddsVs ik rofl 2 and

i nput 11 of the first sub-circuit
Prediction of Their Failure Rate", in IEEE Journal of solid-state circuits, Vol SC-15,

No. 2, April 1930, pp- 169-176, there is a chance that a metastable state occurs in the

synchroniser, ror example, when the temperature of the circuit changes. This causes an
imperfect phase relationship whereby data pulses are swallowed or duplicated. The

failure rate increases strongly with the signal frequency.

It is, inter alia, an object of the invention to provide a circuit arrangement
according to the introducfory paragraph in which the synchronisation of sub-circuits
relative to one another is obtained without the need to provide a synchroniser for each
sub-circuit or integrated cifcuit chip. It is also an object of the invention to provide such
a circuit arrangement that can operate properly in a range of frequencies, several orders
of magnitude wide, up to the maximum frequency allowed by the integration
technology.

To this end, the invention is characterised in that the circuit arrangement
comprises at least one sub-circuit provided with a clock output, cou.plw via the sub-
circuit to a clock input of that sub-circuit, which clock output is coupled with a clock
input of another sub-circuit. Hereby, at least part of the circuit arrangement receives the
synchronisation clock information not from an external clock via a synchronising circuit
but from a clock output of a data processing sub-circuit. The clock signais and the |
signals representing the processed data pass in parallel from one sub-circuit to a next
one. Synchronisation is now a matter of making sure that the clock signals that pass
from one sub-circuit to the next, via an interconnect, are subject to an equal delay and
to equal disturbances as the data signals. This can be realised relatively easy by making
the interconnects for the clock and the data signals as much as possible alike.

Advantageously, the circuit arrangement according to the invention is further
characterised in that said clock output is coupled to an input of a clock signal
regeneration circuit having an output coupled to said clock input of said other sub-
circuit. The deterioration of the clock pulses due to traversing the interconnect is to be

repaired by such a regeneration circuit. The circuit arrangement according to the

o
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The clock inputs of the downstream sub-circuits 20 and 30 4 EPEACH
to a clock out puithisiSheetbids B:en Rp1abdde Previ ous sub-circuits 1CR< 2 “‘WSHEET

respectively. The - {H| 12 and 22 of the sub-circuijtg 10 and 20 ar
cou- pled by a pa : circuit through the respectli Ve ZubPEE 1996i t
to the clock iinputs ,respectivgly, so that each ¢f {t hese _

sub-circuits has its clock output via suCh sub-circuit to the_clock I nput

\1%4

o7

of that sub-circuit. 8
invention may be further characterised in that the clock signal regeneration circuit is

comprised in a clock input portion of said other sub-circuit.

A circuit arrangement in accordance to the invention is further characterised
in that it comg;jiées a chain of sub-circuits for data processing, each sub-circuit in the

~ chain comprising a datz; output coupled to a data input of a next sub-circuit and each

sub-circuit in the chain comprising a clock output coupled to a clock input of the next
sub-circuitit comprises a chain of sub-circuits for data processing, each sub-circuit in
the chain comprising a data output coupled to a data input of a next sub-circuit and each
sub-circuit in the chain comprising a clock output coupled to a clock input of the next
sub-circuit. The clock signals are guided in parallel with' the data to be processed
through the chain of sub-circuits. Synchronisation along the chain is optimised. |

An embodiment of the circuit arrangement according to the invention is
characterised in that the clock input of a clock signal regeneration circuit comprises a
plurality of clock input terminals for providing thereat a corresponding plurality of
clock signals having a frequency relationship to each other, the clock signal
regeneration circuit comprising detection means for detegting characteristic features in
the clock signals and pulse generation means for regpnerating clock signals with
parameters derived from an occurrence of said characteristic features. Deterioration of
the pulses is significant in high frequency applications wherein the wavelength of the
clock and data signals is comparable with the length of the interconnect between the
sub-circuits. The deterioration of the clock signals while traversing the interconnect will
influence mainly the shape and duty cycle and the position of the edges but will not
influence the frequency. The occurrence of certain characteristic features in one of the
clock signals can be used to trigger the generation of a new clock pulse, whereas the
occurrence of a feature in another clock signal is to be used to determine further
parameters of the pulse, such as pulse-length or the duty cycle of the clock signal. As
the frequency is not influenced, regeneration of clock signals can be obtained without
programming the regeneration circuits to a particular shape or length of the clock
pulses.

This embodiment of the circuit arrangement according to the invention may
be further characterised in that the clock signal regeneration circuit has an input and

output comprising an equal number of input and output terminals, and in that the clock
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Consequent |y, synchronization of the downstreamcir- cuits [20-and-36— :
achi eved. As trflmm—ﬁﬁm/s in parallel with the daﬁ@AMfSHEET
separ at e synchr onmhig Sies pgee&ﬂnilan t hereof is unnecessary. BRlG 2
illustrates a posgqi 0 of the clock pulses whilg tir epEMGHRN

I nt er connect betmqm‘m ’Hﬂﬂ cuits. In the Figure, "H' ilndicates the
"high" level and ' ! | evel of & signal. The inputj crock—stgrat
101, shown in the upper portion of the Figure, consists of {pulses with
steep rising and falling edges 102, 103 and a duty cycle of about 50% T1.€.
t he | engt hgighaltrBgeneRitiaR ciraltii9drrahgddn®r Segbnetating cRRRIsPtlats Whh Fedu to
the I engt hsxgﬁlaltrﬁ% " lI;HoW' cpl)ﬂe%r it(;g. I ng the | o%\hgr pogt I on sg%ﬂ the Fi gdgrgfw?nd
possi bl e sphpsairelationships Mhick ashequal & therfrequgness andhphase relatiensbipaibebreenThe

"hi gh* andcl&':l?\é\{'gnﬁgraiv%?a%lei & rﬁ'lgt?npsdt gr?rlxin )s(%'f l?l"net cxé&”ﬁghhargién%rr‘&u%n circuit.

The input and output clock signals of the regeneration circuit have the same characteris-

tics. Therefore, only one type of regeneration circuit is necessary in the whole chain of
sub-circuits which contributes to ease of design and a modular architecture of the circuil
arrangement.

A preferred embodiment of the circuit arrangement according to the
invention is characterised in that the clock signal regeneration circuit comprises two
input terminals for first and second input clock signals, respectively, and two output
terminals for first and second output clock signals, respectively, in that the detection
means are arranged for detecting occurrence of one type of feature in the input clock
signals and in that the pulse generation means are arranged for generating a rising edge
in the first and a falling edge in the second output clock signals in response to the
occurrence of a feature of said one type in the first clock signal and for generating a
falling edge in the first and a rising edge in the second output clock signal in response
to the occurrence of a feature of said one type in the second input clock signal. If the
input clock signals are approximately each others fnverted signal and the edges of the
output clock signals are generated with a delay that is substantially equal, the output
clock signals are approximately each others inverted signals as well. Regeneration of
clock signals occurs thén without the need of special delay circuits or some kind of
local knowledge in the regeneration circuit about the desired pulse shape. The timing
circuitry of the circuit arrangement can be made relatively simple and reliable. The onl:
condition remaining is that the propagation of thé two clock signals through the sub-
circuit takes the same time interval. This can be ensured by accurate dimensions of the
relevant circuit elements.

The circuit arrangement according to the invention is particularly
advantageous in applications using integrated circuits for high frequency data
processing. One or several sub-circuits for data processing and associated regeneration
circuitry may be integrated on a single semiconductor integrated circuit chip. When
Several sub-circuits are integrated on one chip, clock signals are passed between

different portions and regenerated at several places of this chip.
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the rising and falling edges 112, 113 nmay be nore grad- MPMEMENT SHEET

particular, the be I ncreased or decreased. eto t e rr'Dr
gr adual edges t he hﬁge in duty cycle will be even nore pronze

deterioration of ft &Bech edced\ni | € traversing one or su -CI rCU|t<
poses serious |lim h of the chain of sub-ci I’L,Ln‘Lb 1T
particular, in a h| ppllcatlojn where the pgriod of the clock‘
signal has a length conpara the tiné needed to traverse a sub-clrcuit
or to traverse the |nterconnect bet ween sub-circuits, the systemw Il fail.

| e of h th k |
LG o Shave 2 exaipl hadh S04 ks FSATHEIER Bl R RS P
shown conpr ig@st fent. TA@ORiRg td IHRAWGE O SudH Qﬁﬁntégxﬁted%{rcﬂ’ﬁkoﬁfprﬁ@éw e

there is shovvn lip-flop switched as a frequency divider
least one sub-cxrcuxt for data processing and at least one clock signal regeneratxon

circuit.
These and other, more detailed aspects of the invention will now be

elucidated by way of example with reference to the accompanying drawings.

Figure 1 shows diagrammatically a circuit arrangement according to the
invention;

Figure 2 illustrates a possible deterioration of clock pulses;

Figure 3 shows a circuit to restore the clock pulses;

Figure 4 shows diagrammatically an embodiment of a clock signal
regeneration circuit using more then one input signal;

Figure 5 shows a few timing diagrams of clock signals in the circuit of
Figure 4 to illustrate the working of this circuit;

Figure 6 shows diagrammatically another embodiment of a clock signal
regeneration circuit; and '

Figure 7 illustrates a chain of sub-circuits with intermediate sets of

regeneration circuits.

Figure 1 shows a circuit arrangement for information processing. The circuit
arrangement shown comprises three sub-circuits 10, 20 and 30, an entrance circuit 40
and an exit circuit 50. By way of example, the circuit arrangement may consist of a
decoder 10, a logic processor 20 and an encoder 30. The entrance circuit 40 is, for
example, an analog to digital convertor and the exit circuit 50 a parallel to serial
convertor. Each of the sub-circuits may be implemented on a separate integrated circuit
with or without attached discrete components, or even comprise a few integrated
circuits. Alternatively, two or more of the sub-circuits may be integrated on a single

integrated circuit.
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An information signal A is input to a data entrance 43 of the entrance circuit

40. After preprocessing, in the example conversion of an analog signal into a digital
signal, the information signal is passed to the sub-circuit 10, vig its data input 13. The
information is subsequently processed by this sub-circuit, in the assignment of the
example the coding of the data is changed from the format generated by the analog-to-
digital convertor to a format digestible by the logic proceSsor, and passed to the next
sub-circuit 20 via the data output 14 and the data input 23. After processing in this sub-
circuit, i.e. performing certain logic and arithmetic operations upon the data, the
processed data are passed to a last sub-circuit 30. In the given task assignment of the
sub-circuits the coding format of the digital data is changed again and the coded data
are output in parallel at the data output 34 connected to an input 53 of the exit circuit
50. In the exit circuit 50 the processed data are buffered and subsequently become
available at the serial output 54 as a serial information signal S.

The entrance and exit circuits 40 and 50 receive timing signals that are
synchronised with the frequency at which the sub-circuits 10, 20 and 30 operate. The
additional timing signals for the entry and exit circuits are generated in pulse generators
62 and 64 and synchronisation between these pulse generators and the system clock 60
is, for example, assured by connectfons 61 and 63. The three sub-circuits 10, 20 and 30
are all operating at the same frequency, the clock signals being derived from system
clock 60 and presented to each of the sub-circuits 10, 20 and 30 via clock inputs 11, 21
and 31, respectively. '

According to the invention not each of these clock inputs are connected to a
clock output of the system clock 60, only the clock input 11 of the first sub-circuit 10
is. The clock inputs of the downstream sub-circuits 20 and 30 are each coupled to a
clock output 12 and 22 of the previous sub-circuits 10 and 20, respectively. The clock
outputs 12 and 22 of the sub-circuits 10 and 20 are coupled by a path through the sub-
circuits to the clock inputs 11 and 21, respectively. Consequently, synchronisation of
the doWnstream circuits 20 and 30 is achieved. As the clock signal flows in parallel
with the data signals separate synchronisers and tuning thereof is unnecessary.

In Figure 2 a possible behaviour of the clock pulses while traversing an
interconnect between two sub-circuits is illustrated. In the Figure, "H" indicates the
"high" level and "L" the "low" level of a signal. The input clock signal 101, shown in

THIS SHEET HAS BEEN
REPLACED




In FIG 4 an I nplemtation of a preferred enbodi- nent is

i ettt
.shown. An integrated circuit 200 conprises a clock input m i . }ﬂBE
clock input term gl et HisBeaiRkpRdellb for rceiving two distijngt clock signals

of the same freque , 31 ated circuit conprises a | 13 ¢ DEE 1995
further mnals, bamm HE‘] pi nouts, not shown, f_or
control signals, d ut put . 7he two clock inp

olft age supply,

t term
connected to the inputs 221, 222 of first and second inté&nal pulse
generators 223 and 224, re- spectively. These internal pulse generate 223
and 224 gdhepBPEPostien RE ghe Eigyrg, sonistand pplsey Withateeprrisinghand (adling edgelie

circuitr ; LIt eqr Cler cui.t O.or,.,in a.portdon.af, the s . The
out put s gz@fzarllg?ﬂ@raa@rﬁﬁi?%ﬁ otfﬁgo%tls ke ‘pfll %‘Eée gélfpf hﬁnﬁ“@br?ﬁn eco
avai | abl e sigral isoappr@ximately €Qi1Q6 the length of the "low" period. In the lower portion of

the Figure, a possible signal shape 111 is shown after traversing an interconnect. The

"high" and "low" peric;ds in the signal exhibit some transients, the rising and falling

edges 112, 113 may be more gradual and, in particular, the duty cycle may be
increased or decreased. Due to more gradual edges the change in duty cycle will be
even more prominent.

The deterioration of the clock signal while traversing one or more sub-
circuits poses serious limits on the length of the chain of sub~circuits. In particular, in a
high frequency application, where a period of the clock signal has a length comparable
to the time needed to traverse a sub-circuit or to traverse the interconnect between sub-
circuits, the system will fail. In Figures 3 an example of a circuit arrangement is shown
in which the clock signal at the end of an interconnect is regenerated. The regeneration
circuit shown comprises an edge triggered frequency divider 120, by way of example is
shown a D-flip-flop switched as a frequency divider by connecting the Q-output to the
D-input, followed by a frequency multiplier 121, for example a phase locked loop, and
a pulse shaper 122. In an alternative embodiment, the frequency multiplier is triggered
by the rising edges of the clock signal pulses and followed by a frequency divider.

In Figure 4 an implementation of a preferred embodiment is diagram-
matically shown. An integrated circuit 200 comprises a clock input 211 having two
clock input terminals 211a and 211b for receiving two distinct clock signals of the same
frequency. The integrated circuit comprises a multitude of further terminals, bonding
pads or pinouts, not shown, for voltage supply, control signals, data input and output.
The two clock input terminals are connected to the inputs 221, 222 of first and second
internal pulse generators 223 and 224, respectively. Each of these internal pulse
generators 223 and 224 generates clock pulses ¢;; en ¢;, for internal use in the circuitry
of the integrated circuit 200 or in a portion of the same.

The outputs 225 and 226 at which the clock pulses ¢;, and ¢, become
available are coupled vig connections 227 and 228 to the set (S,) and reset (R,) inputs
of an RS-flip-flops 231. The connections between the pulse generators and the RS-flip-

flop may contain buffers or other circuitry. In the connection 227 from the first internal
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unconnect e@he Apd2 19 Irwhpledpis theyodnectiono?2teid a buffer circuit 229. In the other

connection 228, between the second internal pulse generator 224 and the RS-flip-flop,
an equivalent buffer cir'cuit 230 is added as a dummy load for achieving symmetry
between the two conhections 227 and 228. If the clock pulses ¢;, from the second
internal pulse generator 224 are not used in the sub-circuit, the buffer circuit 230 is
present but has its output not connected. Additional taps may be provided at the same or
at the other connection.

Output 225 of the first internal pulse generator 223 is coupled to the S_-input
232 of the RS-flip-flop 231 and output 226 of the second internal pulse generator 224 is
coupled to the R -input 233. The Q- and Q,-outputs 234 and 235 of the RS-flip-flop are
coupled to the clock output terminals 212a and 212b, respectively, of the clock output
212 of the circuit. In between the Q- and Q,-outputs and the output terminals 212a and
212b a series of buffers may be arranged. The arrangement of internal pulse generators
223, 224 and RS-flip-flops 231 forms a clock signal regeneration circuit 210 from
which a clock pulse for the sub-circuit 200 is derived via a tap 219.

The clock regeneration circuit 210 as described above works as follows. As
a starting point it is assumed that the circuit is in a stage during normal operation in
which the Q-output 234 of the RS-flip-flop 231 is "low" and the Q,-output 235 is
"high". When a rising edge of a clock input signal arrives at input 221 of the first
internal pulse generator 223, the latter generates a pulse ¢;; at its output 225.
Alternatively, the pulse generator may be triggered by the occurrence of a falling edge.
The pulse ¢;; serves to clock the circuit. The pulse ¢;; is also transmitted to the S, input
232 of the RS-flip-flop 231, consequently the Q-output of the RS-flip-flop 231 will go
"high" and the Q,-output 235 will go "low". When a rising edge arrives at the input
222 of the second internal pulse generator 224 a pulse ¢,, is generated that is
transferred to the R -input of the RS-flip-flop 231. Consequently, the states of the Q-
and Q_-o*puts are reversed, i.e. the Q-output 234 will go "low" and the Q,-output 235
will go "high". Due to the internal structure of an RS-flip-flop more time is needed
after the arrival of a pulse at the S -input for the Q,-output to change state then for the

Q-output to change state, and vice versa when a pulse arrives at the R -input. Because

REPLACED
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the circuit. In betvveen the @ and

of this behaviour the output clock signals generated have a duty cycle which deviates
from 50%. .

When the RS-flip-flop used is symmetrical in the sense that the delays
between a pulse arriving at the S,-input till the changes of states of the Q- and Q,-
outputs, respectively, are equal to the delays between a pulse arriving at the R -input till
the changes of states of the Q,- and Q-outputs, respectively, the signals at the Q- and
Q. -outputs can be used direétly as clock signals. However, due to the above mentioned
internal structure of the RS-flip-flop, these clock signals will not have a 50% duty cycle
and, consequently, they will not be exactly each others inverted signals. |

The outputs 225 and 226 at which the clock pulses ¢;; and ¢, become
available are coupled via connections 227 and 228 to the set and reset inputs of the RS-
flip-flop 231, respectively. When the delay from the arrival of a rising edge at input
terminal 211a till the moment the level at output terminal 212a changes is almost
identical to the corresponding delay from input terminal 211b till output terminal 212b,
the phase difference between the clock signals CL;; and CL;, at the respective input
terminals is transferred to the clock signals CL,, and CL,, at the respective output
terminals. By a well-designed lay-out together with accurate dimensions of the
rege.neration circuitry, it is very well possible t6 achieve such conservation of the phase
difference. It is remarked that in the circuit the frequency and the phase difference of
the input clock signals is fully maintained also when the actual shape and duty cycle of
the clock signals deteriorates in approximately the same manner, during transfer
between regeneration circuits. The signal paths for the clock signals, and also for data -
signals, should be as much alike as possible.

In Figure 5 pulse shapes are shown at various points in the circuit described
with reference to Figure 4. The horizontal axis in the Figure represents time t. The two
upper curves CL;; and CL;, represent possible clock signal shapes at the inputs 221 and
222 of the first and second internal pulse generators 223 and 224. As both clock signals
started from similar pulse generators in an earlier circuit and have traversed identical
interconnects, the pulse shapes of the two clock signals is largely identical. In the
internal pulse generators 223 and 224 pulses ¢;, and ¢, are generated, shown in the
middle two curves. The timing of pulses ¢, is synchronised with a point in the rising
edges in clock signal CL;; and the timing of pulses ¢,; is synchronised with similar
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212b. The rising edges of the first output clock signal CLol are synchronised with the
pulses ¢;,, the falling edges with the pulses ¢;,. The second output clock signal CL,, is
synchronised the other way around, the rising edges are triggered by pulses ¢, the
falling edges by pulses ¢;;. The delays, indicated in the Figure with Ar, represent the
difference in time between the switching of the Q,-output and the Q-output in a flip-flop
after a pulse arrives at the R,-input and the corresponding difference in time between
switching of the Q- and Q,-outputs after a pulse arrives at the S -input. As shown in
Figure 5, this leads to output clock pulses of which the duty cycle deviates from 50%.
With the above described embodiment a better clock output signal, in term
of steepness of the edges, length of the "high" and/or "low" periods, response time at
the R- or S-inputs, or duty-cycle, can be obtained at a high operation frequency, at one

of both outputs. However, the performance of the other output is then reduced and

T

symmetry between the two outputs is lost. To maintain symmetry, for example to
achieve 2 50% duty cycle, two identical flip-flops have to be used. Such an embodiment
is illustrated in Figure 6 which is identical to Figure 4 with the exception of the two
R'S-ﬂip-ﬂops 241 and 242 replacing the single flip-flop 231 in that Figure. Identical
reference signs are used for elements common with elements in Figure 4 and no
description is given here for those elements. Reference is made to the description of
Figure 4 for further details concerning those elements.

Qutput 225 of the first internal pulse generator 223 is coupled to the S-input
243 of the first RS-flip-flop 241 and to the R-input 246 of the second RS-flip-flop 242.

* Output 226 of the second internal pulse generator 224 is coupled to the S-input 244 of

the second RS-flip-flop 242 and to the R-input 245 of the first RS-flip-flop 241. The Q-
outputs 247 and 248 of the two RS-flip-flops are coupled to the clock output terminals
212a and 212b, respectively, of the clock output 212 of the circuit.

This embodiment of a clock regeneration circuit works as follows. Again, as
a starting point it is assumed that the Q-output of the first RS-flip-flop 241 is "low" and
the Q-output of the second RS-flip-flop 242 is "high". When a rising edge of a clock
input signal arrives at input 221 of the first internal pulse generator 223, the latter

‘generates a pulse ¢;; at its output 225. The pulse ¢, serves to clock the circuit and is
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si gnal s geermgiedadtomar of thetsicdidCRS-MBID 24aWiidll 86 "TowMVBRSM a rising edge
arrives at the.input 222 of the second internal pulse generator 224 a pulse ¢, is
generated that is transterred to the R-input of the first RS-flip-flop 241 and to the S-
input of the second RS-ﬂip-flép 242, Consequently, the states of the Q-outputs of both
RS-flip-flops are reversed, i.e. the Q-output of the first RS-flip-flop 241 will go "low"
and that of the second RS-flip-flop 242 will go "high”.

| This embodiment can also be used to achieve a 50% duty cycle when the

RS-flip-flops are not symmetrical in the sense that the delays between a pulse arriving at
the S-input till the changes of states of the Q- and Q-outputs, respectively, are equal to
the delays between a pulse arriving at the R-input tiil the changes of states of the Q- and
Q-outputs, respectively.

In Figure 7 two integrated circuits 310 and 330 are shown in cascade. For
simplicity, only connections relevant for the clock signals are illustrated, data and
power connections are not shown. The two integrated circuits 310 and 330 are clocked
with a system clock 300 which generates clock pulses. The clock pulses are provided to
a first input of a first NAND-gate 303 and, after inversion in an invertor 301, to a first
input of a second NAND-gate 302. The second inputs of both NAND-gates are
connected to the outputs of the other NAND-gate, thereby inhibiting both outputs to be
"high" at the same time. The output signals of both NAND-gates are input to clock
input terminals 311 of the first integrated circuit 310. The signals are regenerated by a
clock regeneration circuit 312, from an output 313 of which a clock signal is tapped to
synchronise a first data processing sub-circuit 314 in the integrated circuit 310.

The clock outputs of the first regeneration circuit are connected to clock
inputs of a second clock regeneration circuit 316 on the same integrated circuit, via an
on-chip interconnect 315. A tap 317 at this second clock regeneration circuit 316 is
provided to clock a second sub-circuit 318. As illustrated in the embodiment shown, the
integrated circuit 310 comprises a third regeneration circuit 320 and a third data
processing sub-circuit 322. The latter is synchronised from the third clock regeneration
circuit via a tap 321. The inputs of the third clock regeneration circuit 320 are coupled

to the outputs of the second clock regeneration circuit 316 via on-chip interconnect 319.
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The clock outputs of the third regéneration circuit 320 are coupled, vig an
off-chip interconnect 323, to the clock input terminals of a second integrated circuit
330. This second integrated circuit comprises, for example, only one data processing

circuit 333 and one clock regeneration circuit 331.
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1. Circuit arrangement comprising a plurality of sub-circuits (10, 20, 30) for
data processing, the sub-circuits being provided with clock inputs (11, 21, 31) for
receiving clock signals for synchronising the operation of the sub-circuits (10, 20, 30),
characterised in that the circuit arrangement comprises at least one sub-circuit (10)
provided with a clock output (12), coupled via the sub-circuit (10) to a clock input (11)
of that sub-circuit, which clock output (12) is coupled with a clock input (21) of another
sub-circuit.

2. Circuit arrangement according to Claim 1, characterised in that said clock
output (12) is coupled to an input of a clock signal regeneration circuit (120-122) having
an output coupled to said clock input (21) of said other sub-circuit. '

3. Circuit arrangement according to Claim 2, characterised in that the clock
signal regeneration circuit (120-122) is comprised in a clock input portion of said other
sub-circuit,

4, Circuit arrangement according to Claim 1, 2 or 3, characterised in that it
comprises a chain of sub-circuits for data processing (10, 20), each sub-circuit in the
chain comprising a data output (14, 24) coupled to a data input (23, 33) of a next sub-
circuit (20, 30) and each sub-circuit in the chain (10, 20) comprising a clock output (12,
22) coupled to a clock input (21, 31) of the next sub-circuitit comprises a chain of sub-
circuits for data processing (10, 20), each sub-circuit in the chain comprising a data
output (14, 24) coupled to a data input (23, 33) of a next sub-circuit (20, 30) and each
sub-circuit in the chain (10, 20) comprising a clock output (12, 22) coupled to a clock
input (21, 31) of the next sub-circuit.

5. Circuit arrangement according to C1a1m 2, 3 or 4, characterised in that the
clock input “211) of a clock signal regeneratlon circuit comprises a plurality of clock
input terminals (211a, 211b) for providing thereat a corresponding plurality of clock
signals having a frequency relationship to each other, the clock signal regeneration

circuit comprising detection means (223, 224) for detecting characteristic features in the
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with parameters derived from an occurrence of said characteristic features.

6. . Circuit arrangement according to claim 5, characterised in that the clock
signal regeneration circuit (210) has an input (211) and output (212) comprising an
equal number of input (211a, 211b) and output terminals (212a, 212b), and in that the
clock signal regeneration circuit is arranged for regenerating clock signals with
frequency and phase relationships which are equal to the frequency and phase
relationships between the clock signals available at the input terminals (211a, 211b) of
the clock signal regeneration circuit.

7. Circuit arrangement according to claim S or 6, characterised in that the
clock signal regeneration circuit (210) comprises two input terminals (211a, 211b) for
first and second input clock signals, respectively, and two output terminals (212a, 212b)
for first and second output clock signals, respectively, in that the detection means (223,
224) are arranged for detecting occurrence of one type of feature in the input clock
signals and in that the pulse generation means (231, 241, 242) are arranged for generat-
ing a rising edge in the first and a falling edge in the second output clock signals in
response to the occurrence of a feature of said one type in the first clock signal and for
generating a falling edge in the first and a rising edge in the second output clock signal
in response to the occurrence of a feature of said one type in the second input clock
signal. '

8. Circuit arrangement according to any one of the Claims 2 to 7, characterised
in that a sub-circuit (323) and a clock signal regeneration circuit (321) are integrated on
a single semiconductor integrated circuit (320).

S. Circuit arrangement according to claim 8, characterised in that a plurality of
sub-circuits (314, 318, 322) and clock signal regeneration circuits (312, 316, 320) are
integrated on a single integrated circuit (310).

10. Integrated circuit suitable for application in a circuit arrangement according
to any one of the Claims 2 to 7, comprising at least one sub-circuit for data processing

and at least on= clock signal regeneration circuit.
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ABSTRACT

CIRCUIT ARRANGEMENT COMPRISING A PLURALITY OF
SUB-CIRCUITS AND CLOCK SIGNAL REGENERATION CIRCUITS.

An information processing system comprises several sub-circuits (10, 20,
30), each performing a part of the processing of the information or data. The operation
of the sub-circuits is synchronised with clock signals applied to clock inputs (11, 21,
31) of the sub-circuits. The clock sigr{als are derived from a system clock (60) and
transferred to each sub-circuit (30) via the sub-circuit or sub-circuits (10, 20) preceding
that sub-circuit in processing the data. To avoid deterioration of clock pulses while
transferring the interconnects between the sub-circuits, clock regeneration circuitry is
arranged in the chain of sub-circuits. The clock regeneration circuitry is preferably
integrated together with the data-processing sub-circuits.

(Figure 1) : et a
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: codpled to the clock output termnals 212a and 212b, respe
. Zlobk out put 212 -of the circuit. Thi s enbodi ment of a cl

‘Circuit works as follows. Again, as a starting point it is UME.
Q output of the first RS-flip-flop 241 is "low' and the Q pl’ttgngt-@@g
second RS-flip-flop 242 is "high". Wen a rising edge of ock™ I'nput

signal ar- rives at input 221 of the fﬁist I nt ernal -pul se
the latter generates a pulse [err] at i®s output 225. The jpul se [err]

serves to clock the circuit and is also transmt- ted to the S input—of

first RS—fIip-ro oLt
Consequently, the %@gﬁ% ;
that of the second

arrives at the input 222 of the SQH}JZER(ﬂUEfsaI pul se generator 224, a
pul se [err] is generated

BACKGROUND OF THE INVENTION

This invention relates to a circuit arrangement com-
prising a plurality of sub-circuits for data processing,
the sub-circuits being provided with clock inputs for
receiving clock signals for synchronizing the operation
of the sub-circuits. In particular, the invention relates to
a circuit arrangement comprising semiconductor inte-
grated circuits for data processing wherein the opera-
tion of the sub-circuits in the system has to be synchro-
nized for proper operation. In the context of the present
description with, by data processing is meant the han-
dling of any type of data independent of the associated
information content or the way the mformatlon is repre-
sented.

Such a circuit arrangement is known from EP-A 0
133 359. That document describes a microprocessor
chipset in which each chip receives clock pulses from a
system clock and is synchronized by an associated con-
troller. The chips are provided with adjustable delay
circuits to adjust the timing of the clock pulses. Adjust-
ment of the delay circuits occurs in response to a system
clock pulse and to an internal clock pulse from the chip.
For each chip or sub-circuit such a separate synchro-
nizer is necessary to adjust the clock signals to the speed
of the flow of the data signals through the circuit ar-
rangement.

The known circuit arrangement has several draw-
backs. When implemented in a digital circuit, the con-
troller circuits must be faster than any data processing
circuitry clocked by the clock pulses. Consequently, the
maximum possible speed of the data processing cir-
cuitry is below the speed achievable with the available
technology. The use of analog circuitry in the control-
ler, to enhance speed, makes it impossible to integrate
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that is transferred to the Rinput of the first RS-fli p-flg}”HA’E""l"\' ¢
S-input of the second RS-flip-flop 242. Consequently, the statgs f the
Q outputs of both RS- flip-flops are reversed, i.e. the Qfodtp 8 JiNiney
first RS flip-flop 241 will go "low' and that of .the secdnq RS- flip-flojf
242 wll go "high". Thi s enbodi nent gan al so be used tojachi eve a 50%
duty cycle when the RS-flip-flops are#ot symetrical int
del ays between athl efrchit iofh "W sémicnduttdrchip in} forckaagaplef states |
of the Q and Q @H0S technology without a loss of performance of the

overall circuit.

Another very serious disadvantage of the use of syn-
chronizers in a data processing system is that errors are
possible in the synchronizers while transferring clock
pulses from the central clock to the individual sub-cir-
cuits. As is shown by H. J. M. Veendrick in the article
“The Behavior of Flip-Flops Used as Synchronizers
and Prediction of Their Failure Rate”, in IEEE Journal
of solid-state circuits, Vol SC-15, No. 2, April 1980, pp
169-176, there is a chance that a metastable state occurs
in the synchroniser, for example, when the temperature
of the circuit changes. This causes an imperfect phase
relationship whereby data pulses are lost or duplicated.

The failure rate increases greatly with the signal fre-
quency.

A =4

SUMMARY OF THE INVENTION

It is, inter alia, an object of the invention to provide a
circuit arrangement according to the introductory para-
graph in which the synchronization of sub-circuits rela-
tive to one another is obtained without the need to
provide a synchronizer for each sub-circuit or inte-
grated circuit chip. It is also an object of the invention
to provide such a circuit arrangement that can operate
properly in a range of frequencies, several orders of
magnitude wide, up to the maximum frequency allowed
by the integration technology.

To this end, the invention is characterized in that the
circuit arrangement comprises at least one sub-circuit
provided with a clock output, coupled via the sub-cir-
cuit to a clock input of that sub-circuit, to clock output
is coupled with a clock input of another sub-circuit. As
a result, at least a part of the circuit arrangement re-
ceives the synchronization clock information not from
an external clock via a synchronizing circuit, but from a
clock output of a data processing sub-circuit. The clock
signals and the signals representing the processed data



i4 puts, respectively, are equal to the del ays between a pur-sSe- LTIV
the R-input till the changes of states of the Q and Q out W&A{ﬁf\’iﬁfﬁ Ser

respectively. In FIG 7 tw integrated circuits 310 and {3 are shown in
cascade. For sinplicity, -only connections relevant to the klioclq ¢ijgNalsy arje
illustrated, data and power connections are not shown. Thejt I nt egrated

i .

circuits 310 and 330 are clocked with a system clock 300 .
cl ock pul ses. The clock pulses are provided to a first inppt of a first

NAND- gat e 303 and, after inversion i®an invertor 301, to a Tirst I nput 01;I

a second NAND-g £ Qﬂe ﬁ?dﬂ&’ %-8& l&q{l@ '\%‘HPXQEB _connecte
. . t R In ot ut puts to

e oo e et 0P iy ot g

clock signals that pass from one sub-circuit to the next,
via an interconnect, are subject to an equal delay and to
the same, i.e. equal, disturbances as the data signals.
This can be realised relatively easy by making the inter-
connects for the clock and the data signals alike as much
as possible alike.

Advantageously, the circuit arrangement according
to the invention is further characterized in that said

- clock output is coupled to an input of a clock signal
- regeneration circuit having an output coupled to said
: clock input of said other sub-circuit. The deterioration

of the clock pulses due to traversing the interconnect is
to be repaired by such a regeneration circuit. The cir-
cuit arrangement according to the invention may be
further characterized in that the clock signal regenera-
tion circuit is included in a clock input portion of said
other sub-circuit.

A circuit arrangement in accordance to the invention
is further characterized in that it comprises a chain of
sub-circuits for data processing, each sub-circuit in the
chain comprising a data output coupled to a data input
of a next sub-circuit and each sub-circuit in the chain
comprising a clock output coupled to a clock input of
the next sub-circuit in the chain comprising a clock
output coupled to a clock input of the next sub-circuit.
The clock signals are guided in parallel with the data to
be processed through the chain of sub-circuits. Syn-
chronization along the chiain is optimised. )

An embodiment of the circuit arrangement according
to the invention is characterized in that the clock input
of a clock signal regeneration circuit comprises a plural-
ity of clock input terminals for providing thereat a cor-
responding plurality of clock signals having a frequency
relationship to each other, the clock signal regeneration
circuit comprising detection means for detecting char-
acteristic features in the clock signals and pulse genera-
tion means for regenerating clock signals with parame-
ters derived from an occurrence of said characteristic



"high" at the sane tine. The output signals of both NAND
clock input termnals 311 of the first integrated circuit
are regener- ated by a clock regeneration circuit 312, fr
of which a clock signal i's tapped to synchronise a first

sub-circuit 314 in the integrated circuit 310. The cl oc
first regeneration circuit are conned‘ed to clock inputs

regenera- tion circuit 316 on the sanme integrated circuit

bnf an out put 31
Hal a Y8 JUBSWYRg
K putputs of th
bf a second cl ock

i nt er connect
IS provided t

enbodi nent sh&ﬂ&h

Snue Ddkide

ﬂi@i}s ofetRe dg% S5 i§
[0)
Qi

synchroni zed frpmd B erconnect between the sub-circuits. The deten-

oration of the clock signals while traversing the mter-
connect will influence mainly the shape and duty cycle
and the position of the edges but will not inﬂuence. ﬂ?e
frequency. The occurrence of certain charactepsnc
features in one of the clock signals can be used to trigger
the generation of a new clock puise, whereas the occur-
rence of a feature in another clock signal is to be used'to
determine further parameters of the pulse, such as pulse-
length or the duty cycle of the clock signal. As the
frequency is not influenced, regeneration of clock sig-
nals can be obtained without programming the regener-
.ation circuits to a particular shape or length of the clock
pulses.

This embodiment of the circuit arrangement accord-
ing to the invention may be further characterized in that.
the clock signal regeneration circuit has an input and-
output comprising an equal number of input and output
terminals, and in that the clock signal regeneration cir-
cuit is arranged for regenerating clock signals with
frequency and phase relationships which are equal to
the frequency and phase relationships between the
clock signals available at the input terminals of the
clock signal regeneration circuit. The input and output
clock signals of the regeneration circuit have the same
characteristics. Therefore, only one type of regenera-
tion circuit is necessary in.the whole chain of sub-cir-
cuits, which contributes to ease of design and a modular
architecture of the circuit arrangement.

A preferred embodiment of the circuit arrangement
according to the invention is characterized in that the
clock signal regeneration circuit comprises two input
terminals for first and second input clock signals, re-
spectively, and two output terminals for first and sec-
ond output clock signals, respectively, in that the detec-
tion means are arranged for detecting the occurrence of
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third clock regeneration, circuit via a tap 32 1. The in

clock regeneration circuit 320 are coupled to the output§

tlock regeneration circuit 316 via on-chip interconnect
outputs of the third regeneration circuit 320 are coup
I nterconnect 325, to the <clock input termnals of a sec
circuit 330. This second integrated cis cuit conprises,
one data processing circuit 333 and one cl ock regenerat
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or exanple, only

one type of feature in the input clock signals and in that
the pulse generation means are arranged for generating
a rising edge in the first and a falling edge in the second
output clock signals in response to.the occurrence of a
feature of said one type in the first clock signal and for
generating a falling edge in the first and a rising edge in
the second output clock signal in response to the occur-
rence of a feature of said one type in the second input
clock signal. If the input clock signals are approxi-
mately each others inverted signal and the edges of the
output clock signals are generated with a delay that is
substantially equal, the output clock signals are approxi-
mately each others inverted signals as well. Regenera-
tion of clock signals occurs then without the need of
special delay circuits or some kind of local knowledge
in the regeneration circuit about the desired puilse
shape. The timing circuitry of the circuit arrangement

can be made relatively simple and reliable.

The only-

condition remaining is that the propagation of the two

clock signals through the sub-circuit takes

the same

time interval. This can be ensured by accurate dimen-

sions of the relevant circuit elements.

The circuit arrangement according to the invention is
particularly advantageous in applications using inte-
grated circuits for high frequency data processing. One

- or several sub-circuits for data processing and associ-
ated regeneration circuitry may be integrated on a sin-
gle semiconductor integrated circuit chip. When sev-
eral sub-circuits are integrated on ome chip, clock sig-
nals are passed between different portions and regener-

ated at several places of on this chip.

The invention also relates to an integrated circuit for
application in such a circuit arrangement. According to
the invention such an integrated circuit comprises at
least one sub-circuit for data processing and at least one

clock signal regeneration circuit.




15 CLAIMS 1. A synchronized da .
Circuit arrange- nment which conprises a chain of sub-cir GEMEMtﬁ{EET
“processing, each sub-circuit in the chain conprising a dpt

to a data input of a next sub-circuit and each sub-circu tll}%ngabgén
conprising a clock -output coupled to a clock input of the
sub-circuit, the sub-circuits includi clock inputs forfr!

signals for synchronizing the operation of the sub-circ4its, wherein the
circuit arrangenent conprises at | east one sub- CIﬁikk% rOVI cuwrtir=

cl ock output coupBRIEFaDESGCRIPTHINOF one sub-
' These and other, more detailed aspects of the inven-
tion will now be elucidated by way of example with
reference to the accompanying drawings, in which
FIG. 1 shows diagrammatically a circuit arrangement
according to the invention:
FIG. 2 illustrates a possible detenoranon of clock
pulses;
FIG. 3 shows a circuit to restore the clock pulses;
FIG. 4 shows diagrammatically an embodiment of a
clock signal regeneration circuit using more than one
input signal; |
FIG. 5 shows a few timing diagrams of clock signals
in the circuit of FIG. 4 to illustraté the operation of this
circuit;
FIG. 6 shows diagrammatically another embodiment
of a clock signal regeneration circuit; and
FIG. 7 illustrates a chain of sub-circuits with interme-
diate sets of regeneration circuits.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 shows a circuit arrangement for information
processing. The circuit arrangement shown comprises
three sub-circuits 10, 20 and 30, an input circuit 40 and
an output circuit 50. By way of example, the circuit
arrangement may consist of a decoder 10, a logic pro-
cessor 20 and an encoder 30. The input circuit 40 is, for
example, an analog to digital convertor and the output
circuit 50 a parallel to serial convertor. Each of the
sub-circuits may be implemented on a separate inte-
grated circuit with or without attached discrete compo-
nents, or even comprise a few integrated circuits. Alter-
natively, two or more of the sub-circuits may be inte-
grated on a single mtegrated circuit.

An information signal A is applied to a data input 43 -
of the input circuit 40. After preprocessing, in the exam-
ple conversion of an analog signal into a digital signal,




circuit to a clock input of that sub-circuit, which cl ockREPiLACEMENT-SHERE
to a clock input of s next sub-circuit of said chain of gup-Trrcorts—¢.

~*A synchroni zed data processing circuit arrange- nment, coipli S{ &0 i
- plurality of sub-circuits for serially processing signal4{d tZ!Qg%@ﬁW99
sub-circuits including clock inputs for receiving clock gi |.sfor.
synchroni zing the operation of the subygircuits, whereinjthe circuit ar-
rangenment conprises at |east one sub-cifcuit provided w ttrat—teast—ome

internal circuit I . : | L) t he one
sub-circuit to a,cC %ﬂé@? uﬁ?&?ﬁ?@@? ﬁ%ﬁf‘@@ag@? gnal
regenera- tion c} c&ﬁa RPURdan1 pgintoranen %sﬂﬁ?@%‘QYOHFBDt of said
one sub-circuit cessednbydhis sub-gircuit,jhcthe presenscexample thea furt her
sub-circuit of sgodingWfilid datd iSehatged ficm thiecformat generatéd | nput of
said clock signapy the analog-to-digital convertor to a format digestible
- by the logic processor, and passed to the next sub-cir-
cuit 20 via the data output 14 and the data input 23.
After processing in this sub-circuit, i.e. performing cer-
tain logic and arithmetic operations upon the data, the
processed data is passed to a last sub-circuit 30. In the
given task assignment of the sub-circuits the coding
format of the digital data is changed again and the
coded data are supplied in parallel at the data output 34
connected to an input 53 of the output circuit 50. In the
output circuit 50 the processed data is buffered and
subsequently becomes available at the serial output 54
as a serial information signal S.
The output and output circuits 40 and S0 receive
timing signals that are synchronized to the frequency at
which the sub-circuits 10, 20 and 30 operate. The addi-
tional timing signals for the input and output circuits are
generated in pulse generators 62 and 64 and synchroni-
sation between these pulse generators and the system
clock 60 is, for example, assured by connections 61 and
63. The three sub-circuits 10, 20 and 30 are all operating
at the same frequency, the clock signals being derived
from system clock 60 and presented to each of the sub-
circuits 10, 20 and 30 via clock inputs 11, 21 and 31,
respectively. .
According to the invention, all of these clock inputs
are not connected to a clock output of the system clock
60, only the clock input 11 of the first sub-circuit 10.
The clock inputs of the downstream sub-circuits 20 and
30 are each coupled to a clock output 12 and 22 of the
previous sub-circuits 10 and 20, respectively. The clock
outputs 12 and 22 of the sub-circuits 10 and 20 are cou-
pled by a path or internal circuit through the respective
sub-circuits to the clock inputs 11 and 21, respectively,
so that each of these sub-circuits has its clock output via
such sub-circuit to the clock input of that sub-circuit.

O



regeneration circuit conprises a plurality of clock in P{AGEMEN’E SIHEET
receiving a corresponding plurality of distorted clock sifgT
= frequency relationship to each other, the clock signal eﬁﬁgﬂNOi%‘P' rcLi t
com prising detection neans for detecting characterist eatures 1 n tihd :
. clock signals and pul se generation neans for regeneratifg §

W th parameters derived from an occqsrence of said char cterlstlc features.

Consequently, synchronization of the downstream cir-
cuits 20 and 30 is achieved. As the clock signal flows in
paraliel with the data signals separate synchronizers and
tuning thereof is unnecessary.

FIG. 2 illustrates a possible distortion of the clock
pulses while traversing an interconnect between two
sub-circuits. In the Figure, “H” indicates the “high”
level and “L” the “low” level of a signal. The input
clock signal 101, shown in the upper portion of the
Figure, consists of pulses with steep rising and falling
edges 102, 103 and a duty cycle of about 50%, i.e. the
length of the “high” period of the signal is approxi-
mately equal to the length of the “low” period. In the
lower portion of the Figure, a possible signal shape 111
is shown after traversing an interconnect. The “high”
and “low” periods in the signal exhibit some transients,
the rising and falling edges 112, 113 may be more grad-
ual and, in particular, the duty cycle may be increased
or decreased. Due to the more gradual edges the change
in duty cycle will be even more prominent. .

The deterioration of the clock signal while traversing
one or more sub-circuits poses serious limits on the
length of the chain of sub-circuits. In particular, in a
high frequency application, where the period of the
clock signal has a length comparable to the time needed
to traverse a sub-circuit or to traverse the interconnect
between sub-circuits, the system will fail. FIG. 3 shows
an example of a circuit arrangement in which the clock
signal at the end of an interconnect is regenerated. The
regeneration circuit shown comprises an edge tnggered
frequency divider 120. By way of example there is
shown a D-flip-flop switched as a frequency divider by
connecting the Q-output to the D-input, followed by a
frequency multiplier 121, for example, a phase locked
loop, and a pulse shaper 122. In an alternative embodi-
ment, the frequency multiplier is triggered by the rising
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3. A synchroni zed data processing circuit arrange-

claim2, wherein the clock signal regeneration circuit ha$REPLAGEMENT

obut put conpris- ing an equal nunmber of input and output tgr

cl ock signal regeneration circuit regenerates the clock sigpal

frequency and phase rel ati onshi ps which are equal to the
phase rel ati on-
termnals of the clock signal regeneration circuit
processing circuit arrange- nent acco
signal regeneration circuit

shi ps between the clock signals as provid

I rial b., altd Tl
Lotaey |
d% _

4. Ajsynchroni zed dat

ing to claim2, wherermthe—cttoctk
Ises two input termnals for first and

second input cl edges gof:the lcigg&r:sigﬂypukd and ¢sitfollowadribylas for first
and second out ptﬁ-eq{,eﬁby divider. '

In FIG. 4 an implementation of a preferred embodi-
ment is diagrammatically shown. An integrated circuit
200 comprises a clock input 211 having two clock input
terminals 211q and 2115 for receiving two distinct clock
signals of the same frequency. The integrated circuit
comprises a multitude of further terminals, bonding

pads or pinouts, not shown, for voltage supply, control -

signals, data input and output. The two clock input
terminals are connected to the inputs 221, 222 of first
and second internal pulse generators 223 and 224, re-
spectively. These internal pulse generate 223 and 224
generates clock pulses ¢; and ¢ for internal use in the
circuitry of the integrated circuit 200 or in a portion of
the same.

The outputs 225 and 226 at which the clock pulses

¢ and ¢ become available are coupled via connec- -
tions 227 and 228 to the set (Sp) and reset (R,;) inputs of

an RS-flip-flop 231. The connections between the pulse
generators and the RS-flip-flop may contain buffers or
other circuitry. In the connection 227 from the first
internal pulse generator 223 to the RS-flip-flop a tap 219
for the internal clock pulses ¢ is provided to guide the
pulse to the data processing portion of the circuit or
sub-circuit. The tap 2 19 is coupled to the connection
227 via a buffer circuit 229. In the other connection 228,
between the second internal puise generator 224 and the
RS-flip-flop, an equivalent buffer circuit 230 is added as
a dummy load for achieving symmetry between the two
connections 227 and 228. If the clock pulses ¢ from the
second internal pulse generator 224 are not used in the

sub-circuit, the buffer circuit 230 is present but has its -

output unconnected. Additional taps may be provided
at the same or at the other connection.

Output 225 of the first internal pulse generator 223 is
coupled to the Sy -input 232 of the RS-flip-flop 231 and




signal s,

respectively, in that the detection neans detect
one type of characteristic feature in the input clock sigh
generati on neans generate a rising edge in the first and fa
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the second output clock signals in response to the oc- cyrrlence
characteristic feature of said one type in the first C|Oﬁk si gha

generate a falling edge in the first ﬁhd a rising edge
clock signal in response to the occurrence of a character
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first sub-circeoutput terminals 212z and 2125, respectively, of the

clock output 212 of the circuit. In between the Q- and
Qroutputs and the output terminals 212 and 2126 a
series of buffers may be arranged. The arrangement of
internal pulse generators 223,224 and RS-flip-flop 231
forms a clock signal regeneration circuit 210 from
which a clock pulse for the sub-circuit 200 is derived via
a tap 219. '
The clock regeneration circuit 210 as described
above works as follows. As a starting point it is assumed
that the circuit is in a stage during normal operation in
which the Q-output 234 of the RS-flip-flop 231 is “low”
and the Q. -output 235 is “high”. When a rising edge of
a clock input signal arrives at input 221 of the first inter-
nal puise generator 223, the latter generates a pulse ¢
at its output 225. Alternatively, the pulse generator may

be triggered by the occurrence of a falling edge. The

pulse ¢ serves to clock the circuit. The pulse ¢ is also
transmitted to the S, input 232 of the RS-flip-flop 231,
consequently the Q-output of the RS-flip-flop 23 1 will
go “high” and the Qu-output 235 will go “low”. When
a rising edge arrives at the input 222 of the second inter-
nal pulse generator 224 a pulse ¢ is generated that is
transferred to the R, ~input of the RS-flip-flop 231. Con-
sequently, the states of the Q- and Q,-outputs are re-
versed, i.e. the Q-output 234 will go “low” and the
Qr-output 235 will go “high”. Due to the internal struc-
ture of an RS-flip-flop, more time is needed after the

arrival of a pulse at the S,-input for the Qr-output to
change state than for the Q-output to change state, and
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vice versa when a pulse arrives at the R-input. Because

of this behaviour the output clock signals generated
have a duty cycle which deviates from 50%.



to said signal

I nput termnal, the signal input of the RsP ?\c(c
4|

sub-circuit to the signal output of the first sub-ci | ﬁlbh"EsSHEEr
Si gnal output. of the second sub-circuit to a signal pufput termnal,
means for supplying a periodic synchronizing signal th treJUN W7
synchroni zing i nput of the first sub-circuit, and second mneans
for coupling the synchronizing input ﬂ the second sub~CITCUIT TO a
synchroni zi ng out put of :

When the RS-flip-flop used is symmetrical in the
sense that the delays between a pulse arriving at the
Sr-input till the changes of states of the Q- and Qn-out-
puts, respectively, are equal to the delays between a

pulse arriving at the R -input till the changes of states of
the Qn- and Q-outputs, respectively, the signals at the Q-

and Qp-outputs can be used directly as clock signals.

However, due to the above mentioned internal struc- -
ture of the RS-flip-flop, these clock signals will not have
a 50% duty cycle and, consequently, they will not be

exactly each others inverted signals.

The outputs 225 and 226 at which the clock pulses
it and ¢ become available are coupled via connec-
tions 227 and 228 to the set and reset inputs of the RS-
flip-flop 231, respectively. When the delay from the
arrival of a rising edge at input terminal 211g until the
moment the level at output terminal 212z changes is
almost identical to the corresponding delay from input
terminal 21156 until output terminal 2125, the phase
difference between the clock signals CL; and CL; at
the respective input terminalis is transferred to the clock
signals CL,; and CL,2 at the respective output termi-
nals. By a well-designed lay-out together with accurate
dimensions of the regeneration circuitry, it is very well
possible to achieve such a conservation of the phase
difference. It is noted that in the circuit the frequency
and the phase difference of the input clock signals also
is fully maintained when the actual shape and duty
cycle of the clock signals deteriorates in approximately
the same manner during transfer between regeneration
circuits. The signal paths for the clock signals, and also
for the data signals, should be as much alike as possible.

In FIG. 5 pulse shapes are shown at various points in
the circuit described with reference to FIG. 4. The
horizontal axis in the Figure represents time t. The two
upper curves CL;; and CL represent possible clock
signal shapes at the inputs 221 and 222 of the first and
second internal pulse generators 223 and 224. As both




17 the first sub-circuit whereby the'second sub-cirguit receives

a synchroni zing signal via the first sub-cir- cuit.

tircuit according to claimb5, wherein said second couplin @ﬂ%@u SSH@C

- a syn- chroni'zing signal regeneration circuit included infthe synchronizi
i nput of said second sub-circuit. 7. A synchronized cirfdit? éUng?ﬂg t

claim5, which conprises a chain of gub-circuits for dat I ng,

sub-circuit in the chain conprising a ata output coupleq to a data I npu
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of a next sub-circyit, and each sub-cirquif in the chain fobee Sl
synchroni zi ng &JD&}(S $§mdatbl' ar pujse igenerators & aakt

earlier circuit and have traversed identical intercon-
nects, the pulse shapes of the two clock signals is largely
identical. In the internal pulse generators 223 and 224
pulses ¢;1 and ¢ are generated, shown in the middle
two curves. The timing of pulses ¢, is synchronized
with a point in the rising edges in clock signal CLj and
the timing of pulses ¢ is synchronized with similar
points in the clock signal CL;. Finally the lower two
curves show the first and second output clock signals
CLo1 and CL,32, available at the output clock terminals
212a and 2125. The rising edges of the first output clock
signal CL,; are synchronized with the pulses ¢5, the
falling edges with the pulses ¢2. The second output
clock signal CL,; is synchronized the other way
around, the rising edges are triggered by pulses ¢, the
falling edges by pulses ¢;1. The delays, indicated in the.
Figure with A7, represent the difference in time be-
tween the switching of the Q. -output and the Q-output
in a flip-flop after a pulse arrives at the R,, input and the -
‘corresponding difference in time between switching of
the Q- and Q-outputs after a pulse arrives at the S,-
input. As shown in FIG. 5, this leads to output clock
pulses wherein the duty cycle deviates from 50%.
With the above described embodiment a better clock
output signal, in terms of steepness of the edges, length -
of the “high” and/or “low” periods, response time at
the R- or S-inputs, or duty-cycle, can be obtained at a
high operation frequency, at one of both outputs. How-
ever, the performance of the other output is then re-
duced and symmetry between the two outputs is lost.
To maintain symmetry, for example to achieve a 50%
duty cycle, two identical flip-flops have to be used.
Such an embodiment is illustrated in FIG. 6 which is
identical to FIG. 4 with the exception of the two RS-
flip-flops 24 1 and 242 replacing the single flip-flop 231
in that Figure. Identical reference signs are used for



sub-circuit. 8. A synchronized circuit as clainmed in claim5 wherein said
means conprises a syn- chroni zi ng signha
bet ween t.he synchroni zi ng output of the f $E£EKE$§“EHTn§HEET

second coupling
. circuit coupled

and the synchronizing i nput of the second sub-circuit. ‘ A synchroni zed
circuit as claimed in claim5 wherein said nmeans for supp y n _
synchro-. nizing signal conprises a clock generator exterpafp to said firsf

JON Pavi ¢

and second sub-circuits for supplying ci8ck signals, and pherein the clock

signals and signals sup- plied by said signal input term

wherein said nea
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the description of FIG. 4 for further details concern-
mg those elements.

Output 225 of the first internal pulse generator 223 is
coupled to the S-input 243 of the first RS-flip-flop 241
and to the R-input 246 of the second RS-flip-flop 242.
Output 226 of the second internal pulse generator 224 is
coupled to the S-input 244 of the second RS-flip-flop
242 and to the R-input 245 of the first RS-flip-flop 241.
The Q-outputs 247 and 248 of the two RS-flip-flops are
coupled to the clock output terminals 212z and 2125,
respectively, of the clock output 212 of the circuit.

This embodiment of a clock regenerauon circuit
works as follows. Again, as a starting point it is assumed
that the Q-output of the first RS-flip-flop 241 is “low”

and the Q-output of the second RS-flip-flop 242 is

t hr ough

in claimb5b

“high”. When a rising edge of a clock input signal ar--

rives at input 221 of the first internal pulse generator
223, the latter generates a pulse ¢ at its output 225. The
pulse ¢ serves to clock the circuit and is also transmit-
ted to the S input of the first RS-flip-flop 241 and to the
R-input of the second RS-flip-flop 242. Consequently,
the Q-output of the first RS-flip-flop 241 will go “high”
and that of the second RS-flip-flop 242 will go “low”.
When a rising edge arrives at the input 222 of the sec-
ond internal pulse generator 224, a pulse ¢2is generated
that is transferred to the R-input of the first RS-flip-flop
241 and to the S-input of the second RS-flip-flop 242.
Consequently, the states of the Q-outputs of both RS-
flip-flops are reversed, i.e. the Q-output of the first RS-
flip-flop 241 will go “low” and that of the second RS-
flip-flop 242 will go “high”.

This embodiment can also be used to achieve a 50%
duty cycle when the RS-flip-flops are not symmetncal
in the sense that the delays between a pulse arriving at
the S-input till the changes of states of the Q- and Q-out-
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said sub-circuits each provide a circuit path for the | ock signals
*fand a circuit path for the signals sup- plied by sai( igﬁalJU?gpﬁ%
termnal, said circuit paths in each sub-cirtcuit proyiding equal
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puts, respectively, are equal to the delays between a
pulse arriving at the R-input till the changes of states of
the Q- and Q-outputs, respectively.

In FIG. 7 two integrated circuits 310 and 330 are
shown in cascade. For simplicity, only connections
relevant to the clock signals are illustrated, data and
power connections are not shown. The two integrated
circuits 310 and 330 are clocked with a system clock 300
which generates clock pulses. The clock pulses are
provided to a first input of a first NAND-gate 303 and,
after inversion in an invertor 301, to a first input of a
second NAND-gate 302. The second inputs of both
NAND-gates are connected to the outputs of the other
NAND-gate, thereby inhibiting both outputs to be
“high™ at the same time. The output signals of both
NAND-gates are input to clock input terminals 311 of
the first integrated circuit 3 .J. The signals are regener-
ated by a clock regeneration circuit 312, from an output

~ 313 of which a clock signal is tapped to synchronise a

first data processing sub-circuit 314 in the integrated
circuit 310.

The clock outputs of the first regeneration circuit are
connected to clock inputs of a second clock regenera-
tion circuit 316 on the same integrated circuit, via an
on-chip interconnect 315. A tap 317 at this second clock
regeneration circuit 316 is provided to clock a second
sub-circuit 318. As illustrated in the embodiment
shown, the integrated circuit 310 comprises a th.ird
regeneration circuit 320 and a third data processing
sub-circuit 322. The latter is synchronized from the
third clock regeneration circuit via a tap 32 1. The
inputs of the third clock regeneration circuit 320 are
coupled to the outputs of the second clock regeneration
circuit 316 via on-chip interconnect 319. .

The clock outputs of the third regeneration circuit
320 are coupled, via an off-chip interconnect 325, to the
clock input terminals of a second integrated circuit 330.
This second integrated circuit comprises, for example,
only one data processing circuit 333 and one clock
regeneration circuit 331.



11. The synchronized circuit as cIa|aed_Lﬂ_QLéLﬂl§_!¢E%Ei” the
synchroni zing input of the first sub- cou to th
synchroni zi ng out put thereof via an | M’Bj t he fﬁEELACEMENT SHEET

sub-circuit so that a periodi’c synchrori zt celved aff the

synchroni zing input of the first sub-circuit passes through aild ngﬁJN iy
sub-circuit to its synchronizing output. 12. A synchroni zed ¢ircui
according to claim 10, wherein said flrg and second sub- ci r gurts—ant—sai-d
syn- chroni zing signal regeneration cirCliit are integrated ofp_a single

sem conductor integrated circuit. 13. é ﬁgchronized circuit according to
cilaim12, wherein a plurality of subQgdl and synchroni zi ng signa

regeneration circuits are integrated on a single integrated circuit, and

wherein a synchroy zZangwiidnized data processing circuit arrange-
ment which comprises 2 chain of sub-circuits for data
processing, each sub-circuit in the chain comprising a
data output coupled to a data input of a next sub-circuit
and each sub-circuit in the chain comprising a clock
.output coupled to a clock input of the next sub-circuit,
the sub-circuits including clock inputs for receiving
clock signals for synchronizing the operation of the '
sub-circuits, wherein the circuit arrangement comprises
at least one sub-circuit provided with a clock output
coupled via at least one internal circuit of the one sub-
circuit to a clock input of that sub-circuit, which clock
output is coupled to a clock input of s next sub-circuit of
said chain of sub-circuits.

2. A synchronized data processing circuit arrange-
ment, comprising: a plurality of sub-circuits for seriaily
processing signal data, the sub-circuits including clock
inputs for receiving clock signals for synchronizing the
operation of the sub-circuits, wherein the circuit ar-
rangement comprises at least one sub-circuit provided
with at least one internal circuit which passes a clock
signal at a clock input of the one sub-circuit to a clock
output of that sub-circuit, and a clock signal regenera-
tion circuit having an input coupled to the clock output
of said one sub-circuit and having an output coupled to
a clock input of a further sub-circuit of said plurality of
sub-circuits, wherein the clock input of said clock signal
regeneration circuit comprises a plurality of clock input )
terminals for receiving a corresponding plurality of
distorted clock signals having a frequency relationship
to each other, the clock signal regeneration circuit com-
prising detection means for detecting characteristic
features in the clock signals and pulse generation means
for regenerating clock signals with parameters derived
from an occurrence of said characteristic features.



of the second sub-circuit is coupted—+toe—the-synchroniz- i

sub-circuit via at |east one integ ‘whli f_the secon
4. A synchronizing circuit accorcl'm, ”H;""H[Iﬁj’ﬂ'lconpri i g
sub-circuit for data processing and at Ieast ynchrori
regeneration cir- cuit which together conprise an integrgt
15. A synchroni zed data processing cirglit, which conpriges
sub-circuits for data processing, the sub-circuits includ

folr) recei ving S\,Lock Si g}g;l:s for synchronl zing the operati onh;)lf t he
sub-circuits, el d ﬁf‘é aStrofife argangeccui t
rovided with a
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and a cl ock si gregenen;mm mmmtdnas:antxnmmaxgdan Oltput eompris-
ing an equal number of input and output terminals, and
the clock signal regeneration circuit regenerates the
clock signals with frequency and phase relationships
which are equal to the frequency and phase relation-
ships between the clock signals as provided at the input
terminals of the clock signal regenerauon circuit.

4. A synchronized data processing circuit arrange-
ment according to claim 2, wherein the clock signal
regeneration circuit comprises two input terminals for
first and second input clock signals, respectively, and
two output terminals for first and second output clock
signals, respectively, in that the detection means detect
the occurrence of one type of characteristic feature in
the input clock signals and the pulse generation means
generate a rising edge in the first and a falling edge in
the second output clock signals in response to the oc-.
currence of a characteristic feature of said one type in
the first clock signal and generate a falling edge in the
first and a rising edge in the second output clock signal
in response to the occurrence of a characteristic feature
of said one type in the second input clock signal.

5. A synchronized circuit comprising:

a signal input terminal,

at least first and second sub-circuits each comprising

a signal input, a signal output and a synchronizing
input,

mca.ss coupling the signal input of the first sub-circuit

to said signal input terminal, the signal input of the

second sub-circuit to the signal output of the first

sub-circuit and the sighal output of the second
~ sub-circuit to a signal output terminal,

means for supplying a periodic synchronizing signal

to the synchronizing input of the first sub-circuit,
and

second means for coupling the synchromzmg input of

the second sub-circuit to a synchronizing output of

35 4R
circujt.
: a chai n of




pled to the clock output of said

ssub-circuits,

coupled to a'data input of a next &ubccivcu
chain conprising a clock output coupled to a clock input p
sub-circuit via a respective clock signaj7regeneration cifcyit.
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the first sub-circuit whereby the second sub-circuit

receives a synchronizing signal via the first sub-cir-
cuit.

6. A synchronized circuit according to claim 5,
wherein said second coupling means comprises a syn-

chronizing signal regeneration circuit included in the
synchronizing input of said second sub-circuit.

7. A synchronized circuit according to claim 5, which :

comprises a chain of sub-circuits for data processing,
each sub-circuit in the chain comprising a data output
coupled to a data input of a next sub-circuit and each
sub-circuit in the chain compnsmg a synchronizing
output coupled to a synchronmng input of the next
sub-circuit.

8. A synchronized circuit as claimed in claJm 5
wherein said second coupling means comprises a syn-
chronizing signal regeneration circuit coupled between
the synchronizing output of the first sub-circuit and the
synchronizing input of the second sub-circuit.

9. A synchronized circuit as claimed in claim §

wherein said means for supplying a periodic synchro-

nizing signal comprises a clock generator external to
said first and second sub-circuits for supplying clock
signals, and wherein the clock signals and sxgnals sup-
plied by said signal input terminal flow in parallel

through said first sub-circuit and then flow in parallel -

through the second sub-circuit.

10. A synchronized circuit as claimed in claim §
wherein said means for supplying a periodic synchro-
nizing signal comprises a clock generator supplying
clock signals, and

said sub-circuits each provide a circuit path for the

clock signals and a circuit path for the signals sup-
plied by said signal input terminal, said circuit
paths in each sub-circuit providing equal signal
delay times.
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operation of the sub-circuits, wherein the cisrcuit conpr s s1 #} (ma};}, orje
sub-circuit provided with at Ieast one internal cir- cuilt I ch™ passes 4

clock signal at a clock input of the §ne sub-circuit to ja cheek—autpul__of
that sub-circuit, and a cl ock si gnal egeneration circuift having an input
cou- pled to the clock output of said one sub-circuit and having amottpe

R A
circuit conpriwherein mhesyn¢hmnmngsmpxmof|tha<ﬁnbsubr@trmm s for
receiving ext 4§ ngdnplédRe the synchraniringcontpat!tireof via an
internal circuit of the first sub-circuit so that a periodic
synchronizing signal received at the synchronizing
input of the first sub-circuit passes through said first
sub-circuit to its synchronizing output. .

12. A synchronized circuit according to claim 10,
wherein said first and second sub-circuits and said syn-
chronizing signal regeneration circuit are integrated on
a single semiconductor integrated circuit.

13. A synchronized circuit according to claim 12,
wherein a plurality of sub-circuits and synchronizing
signal regeneration circuits are integrated on a single
integrated circuit, and wherein a synchronizing output
of the second sub-circuit is coupled to the synchroniz-
ing input of that sub-circuit via at least one internal
circuit of the second sub-circuit.

14. A synchronizing circuit according to claim 8,
comprising at least one sub-circuit for data processing
and at least one synchronizing signal regeneration cir-
cuit which together comprise an integrated circuit.

15. A synchronized data processing circuit, which
comprises: a chain of sub-circuits for data processing,
the sub-circuits including clock inputs for receiving
clock signals for synchronizing the operation of the
sub-circuits, wherein the circuit comprises at least one
sub-circuit provided with at least one internal circuit
which passes a clock signal at a clock input of the one
sub-circuit to a clock output of that sub-circuit, and a
clock signal regeneration circuit having an input cou-
pled to the clock output of said one sub-circuit and

having an output coupled to a clock input of a next
sub-circuit of said chain of sub-circuits, each sub-circuit
in the chain comprising a data output coupled to a data
input of a next sub-circuit and each sub-circuit in the
chain comprising a clock output coupled to a clock
input of the next sub-circuit via a respective clock signal -
regeneration circuit.

16. A synchronized data proce55| n@”y!




phase clock signals of the sa pul se sﬁﬁﬁ@ EROOLT icQm
and the cl ock signal regenera'[r?/ g/ﬂ]’w ses; Sl st
~a given characteristic feature in A” and secord [

cl pgk, si gnal s,
and pul se generation nmeans coupl ed to sai d *detection - n@gnﬁu&% :
regenerating the clock signals as a func- tion of th ecited qgiven,
characteristic feature of said fipst and second cl ock signals. 17. A
synchroni zed data processing circuit ignpri s- ing: a pluratrty—of

sub-circuits for serially proceSS|ng S|gnal data the sub-circuits
oper at1 on of the 2u 6.3, Syncheen; N oY Iy At on
sﬁb circuit provitB ﬁ“&iﬁyeg §$Fé¢a@?kb§§§$‘n§ggesoge
cl ock signal at slgnah Idatap eosubmrcmts ‘includin g clock inputs for
receiving clock signals for synchronizing the operation
of the sub-circuits, wherein the circuit comprises at least
one sub-circuit provided with at least one internal cir-
cuit which passes a clock signal at a-clock input of the
one sub-circuit to a clock output of that sub-circuit, and
a clock signal regeneration circuit having an input cou-
pled to the clock output of said one sub-circuit and
having an output coupled to a clock input of a further
sub-circuit of said plurality of sub-circuits, wherein the
clock input of said clock signal regeneration circuit
comprises at least first and second clock input terminals
for receiving externally supplied first and second out of
phase clock signals of the same frequency and with
pulse shape distortion, and the clock signal regeneration
circuit comprises;
means for detecting a given characteristic feature in
the first and second clock signals, and
pulse generation means coupled to said detection
means for regenerating the clock signals as a func-
tion of the detected given characteristic feature of
said first and second clock signals
17. A synchronized data processing circuit compns-
ing: a plurality of sub-circuits for serially processing
S1gnal data, the sub-circuits including clock inputs for
receiving clock signals for synchromzmg the operation
of the sub-circuits, wherein the circuit comprises at least
one sub-circuit provided -with at least one internal cir-
cuit which passes a clock signal at a clock input of the
one sub-circuit to a clock output of that sub-circuit, and
a clock signal regeneration circuit having an input cou-
pled to the clock output of said one sub-circuit and
having an output coupled to 2 clock input of a further
sub-circuit of said plurality of sub-circuits, wherein said
clock signal regeneration circuit comprises:

first and second inputs for first and second clock
signals related in frequency,
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sub-circuit of said plurality of sub-circuits, wherein sai{d jcl ock_si gnal
Tegeneration circuit conprises: fi rﬁgand second inputs fdr first and
f

second. cl ock signals related in quency,
20 first and second pulse generator circuits having re-
spective inputs coupled to said first and second
inputs, and
a set/reset flip-flop having a set input coupled to an
output of the first pulse generator circuit and a
reset input coupled to an output of the second pulse
generator circuit, said flip-flop having first and

- second complementary outputs for supplying first
and second regenerated clock signals to said clock
input of the further sub-circuit.

18. A synchronized data processing circuit arrange-
ment comprising: a plurality of sub-circuits for serially
processing signal data, the sub-circuits including clock
inputs for receiving clock signals for synchronizing the
operation of the sub-circuits, wherein the circuit ar-
rangement comprises at least one sub-circuit provided
with at least one internal circuit which passes a clock
signal at a clock input of the one sub-circuit to a clock
output of that sub-circuit, and a clock signal regenera-
tion circuit having an input coupled to the clock output
of said one sub-circuit and having an output coupled to
a clock input of a further sub-circuit of said plurality of
sub-circuits, wherein said clock signal regeneration
circuit comprises:

first and second inputs for first and second clock

signals related in frequency, -

first and second pulse generation circuits having re-

spective inputs coupled to said first and second
inputs,
first and second flip-flops each having a set input and
a reset input, - _

first means coupling an output of the first pulse gener-
ator circuit to respective set and reset inputs of the
first and second flip-flops,

second means coupling an output of the second pulse

generator circuit to respective reset and set inputs
of the first and second flip-flops, and

further coupling means for supplying first and second

regenerated clock signals from respective outputs
of the first and second flip-flops to said clock input
of the further sub-circuit.

* * %x % =




first and second pul se generator circits having re-
coupled to said first and second I nputs, and
-having a set input coupled to an out put of the
circuit and a reSet i nput coupled to an out put
generator circuit, said flip-flop having first and

out puts for supplying first and second regenerated cl

said clock input of the further subZjrcuit.
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sub-circuit provi dSUB-CIRCUITS

ABSTRACT

g clock
tion of the

An information processmg system compnses a sub-cir-
cuits, each performing a part of the processing of the
information or data. The operation of the sub-circuits is
synchronized by means of clock signals applied to clock
inputs of the sub-circuits. The clock signals are derived
from a system clock and are transferred to each sub-cir-
cuit via the sub-circuit or sub-circuits preceding that
sub-circuit in the data processing chain. To avoid dete-
rioration of the clock pulses while they are transferred
between the sub-circuits, clock regeneration circuitry is
arranged in the chain of sub-circuits. The clock regener-
ation circuitry is preferably integrated together with the

data-processing sub-circuits.
FIGURES 1 & 5 .
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