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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 

5 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, independent of the associated 

infonnation content or the way the information is represented. 

10 

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 chips are provided 

with adjustable delay circuits to adjust the timing of the clock pulses. Adjustment of the 

15 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 

20 in a digital circuit, the controller circuits must be faster. than any data processing 

circuitry clocked by the clock pulses. Consequently, 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 impossible to 

integrate the circuit on a semiconductor chip in, for example, CMOS technology 

25 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 
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clock pulses from the central clock to the individual sub-circuits. 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, ApriL1980, pp· 169-176, there is a chance that a metastable 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, coupled 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 

one. Synchronisation is now a matter of making sure that the clock signals that pass 

25 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 

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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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 comP.rises a chain 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 sig.nals and pulse generation means for regenerating 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. 

30 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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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 of the clock signal regeneration circuit. 

The input and output elock signals of the regeneration circuit have the same characteris-..... . 
5 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 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 inverted 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 talces 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 
30 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 invention also ~elates 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. ---. 
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; 

15 

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 

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 

converter. 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. 
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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, via its data input 13. The 

information i.! subsequently processed by this sub-circuit, in the assignment of the 
...... t 

5 example the coding of the data is changed from the format generated by the analog-to-

digital converter 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 ~f 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 11 indicates the 

"high" level and "L" the "low" level of a signal. The input clock signal 101, shown in 
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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 approximately 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 -..... . . 

5 "high" and "low" periods 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-

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

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 

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 

clock input terminals 21 la 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 tenninals 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 <Pu en tPi2 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 <Pu and <?i2 become 

30 available are coupled via connections 227 and 228 to the set (SJ and reset (RJ 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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pulse generator 223 to the RS-flip-flop a tap 219 for the internal clock pulses <Pn is 

provided to guide the pulse to the data processing portion of the circuit or sub-circuit. 

The tap 219 is coupled to the connection 227 via a buffer circuit 229. In the othel:" 

connection 22.8, between the second internal pulse generator 224 and the RS-flip-flop, ...... . 
5 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 4'i2 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 Su-input 

232 of the RS-flip-flop 231 and output 226 of the second internal pulse generator 224 is 

coupled to the Ru-input 233. The Q- and Q0-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 (4-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 On-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 <Pu at its output 225. 

Alternatively, the pulse generator may be triggered by the occurrence of a falling edge. 

The pulse <Pu serves to clock the circuit. The pulse tPi1 is also transmitted to the Su input 

25 232 of the RS-flip-flop 231, consequently the Q-output of the RS-flip-flop 231 will go 

"high" and the ~-output 235 will go "low". When a rising edge arrives at the input 

222 of the second internal pulse generator 224 a pulse 4'i2 is generated that is 

transferred to the Ru-input of the RS-flip-flop 231. Consequently, the states of the Q­

and Q11-outputs are reversed, i.e. the Q-output 234 will go "low" and the ~-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 SD -input for the QD -output to change state then for the 

Q-output to change state, and vice versa when a pulse arrives at the Ru·input. Because 
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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 p1:!!se arriving at the Sn-input till the changes of states of the Q- and On--.• . 
5 outputs, respectively, are equal to the delays between a pulse arriving at the R0 -input till 

the changes of states of the~- and Q-outputs, respectively, the signals at the Q- and 

Q0-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 ¢u and ¢u. 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 21 la till the moment the level at output terminal 212a changes is almost 

identical to the corresponding delay from input terminal 21 lb till output terminal 212b, 

) 

15 the phase difference between the clock signals CLu and CLu. at the respective input 

terminals is transferred to the clock signals CL01 and CL02 at the respective output 

terminals. By a well-designed lay-out together with accurate dimensions of the 

regeneration 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 C~1 and CL12 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 4>u and <Pi2 are generated, shown in the 

middle two curves. The timing of pulses cf>il is synchronised with a point in the rising 

edges in clock signal CLu and' the timing of pulses <Pi2 is synchronised with similar 
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points in the clock signal CLi2• Finally the lower two curves show the first and second 

output clock signals CL01 and CL02, available at the output clock terminals 212a and 

212b. The rising edges of the first output clock signal CL01 are synchronised with the 

pulses cPih th_e falling edges with the pulses <Pil· The second output clock signal CL02 is ·- - . 
5 synchronised the other way around, the rising edges are triggered by pulses t/.>i2, the 

falling edges by pulses <f>n. 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 anives at the R11-input and the corresponding difference in time between 

switching of the Q- and <Jn-outputs after a pulse arrives at the S11-input. As shown in 

10 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 

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 

RS-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 

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. 

Output 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 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 

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 tf>u at its output 225. The pulse <f>u serves to clock the circuit and is 
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also transmitted 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_~nput 222 of the second internal pulse generator 224 a pulse q,i2 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. 

THIS SHEET HAS BEEN 
REPLACED 

., ,. 



. .; 

'.:. f: (' .. fl 
C'· t.r (, 
~ ,. c. 
~ ,. r. 
, I" , t ( 

' :.. ' ( 

c ,,, ... 
t.: c r~ · #" 

c r 
• c 
• r 

rt r c t r C'" 

rt tc 
c r e e 
• r • 

C'C' 'C ~ . .. 
rt' f r c 

PHN 13.915 EP-P 12 05.10.1992 

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 aod one clock regeneration circuit 331. -- ' 
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Claims: 

\\11\11\ \\\I\\. Ill\\ \\1\1 \\ \II\ 
* C L M S * 

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 cloek 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 

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 eomprises 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. 

5. 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 (2lla, 2llb) 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 

ililii1iii~1r THIS SHEET ff.AS BEEN 
REPLACED 



I\ •.l.t f 

f' '· ' 
t :· r • r.. '"·f 

r ~ . (-('. .:. f :. t• c: t. 
~ r r. f' t' 

r : ,. 
C' .• r . • 

r ' 
~-: c t 

,, l" . ' ,. 'c ' . I i • t 

PHN 13.915 EP-P 14 05.10.1992 

clock signals and pulse generation means (231, 241, 242) for regenerating clock signals 

with parameters derived from an occurrence of said characteristic features. 

6. Circuit arrangement according to claim 5, characterised in that the clock 

signal regene14_tion circuit (210) has an input (211) and output (212) comprising an 
• I 

5 equal number of input (21 la, 21 lb) and output tenninals (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 tenninals (2lla, 21lb) 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 (211 a, 211 b) for 

first and second input clock signals, respectively, arid two output tenninals (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 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 

20 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). 

9. 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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