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CLOCK RE-TIMING APPARATUS 
wrm CASCADED DELAY STAGES 

This invention relates to delay ~ircuits and particularly 
5 to delay circuits with cascaded delay stages and a selector for re­

timing clock signals. 
Delay circuits employing cascaded delay stages and a 

selection ci~cuit for re-timing a clock signal with a synchronizing 
signal are well known and widely used, for e_xample, in video 

1 0 signal synchronizing circuitry. An example is described by Willis 
et al. in US Patent 4992874 entitled METHOD AND APPARATUS 
FOR CORRECTING TIMING ERRORS AS FOR A MULTI-PICTURE 
DISPLAY which issued 12 February 1991. Willis et al. describe a 
skew correction system for a television receiver with picture in 

1 5 picture (PIP) processing.. An eleJp.ent of an embodiment of the 
Willis et al. PIP receiver includes a clock phase shifting circuit 
which re-times a sampling clock locked to burst of the main· 
picture signal with a horizontal synchronizing signal derived from 
the picture display processing circuitry. 

2 O The present invention is directed to providing certain 
improvements in clock retiming circuitry of the general type 
described by Willis et al. to facilitate construction of the re-timing 
circuitry in an integrated circuit using standard semiconductor 
processing techniques. To understand the nature of the problems 

2 S solved by the present invention, it is helpful first to consider an 
embodiment of the Willis et al. re-timing circuit in some detail. To 
this end, FIGURE \ herein, labeled "Prior Art" has been qrawn 
based on the Willis et al. patent. 

The clock ~timing apparatus 100 of FIGURE l, 
3 0 includes an input terminal 102 for receiving a main clock input 

signal MCK to be retimed or "edge aligned" with a horizontal 
synchronizing signal HS. Tb:e main clock input signal MCK is 
coupled via conductor 104 to the input of a tapped delay line 130 
comprising 15 delay elements Al-AlS. The delay line taps Tl-

3 5 TIS together with the un-delayed main clock input signal MCK are 
applied via bus 112 and conductor 104, respectively, to a memory 



2 
unit 106 compnsmg fifteen "D" type flip-flops. All .flip-flops in the 
memory unit 106 are clocked simultaneously by the leading edge 
of a horizontal synchronizing signal HS applied to input terminal 
114. As a result, the fifteen flip.:.flops in memory 106 store what 

5 may be thought of as a ttsnap-shot" or 11picture" of all of the delay 

line tap values at the time the horizontal synchronizing pulse 
arrives. Since there are 15 delays of, at lea_st, 5 nano-seconds each, 
the stored tap values represent samples of one complete cycle 
(e.g., 70 nano-seconds, NTSC assumed) of the clock signal MCK at 

1 0 the instant of arrival of the horizontal synchronizing signal. 
By comparing all fifteen tap values stored in flip-flops 

106, it can be determined which tap output signal has its edge 
closest to the leading edge of horizontal sync HS. This 
identification is made by the multiplex selection logic unit 108 

15 that receives the 15 stored tap values from memory unit 106 via 
the 15 conductor bus 118. From the 15 input tap delays, unit l 08 
provides on output signal on the 16 conductor bus 120 which 

identifies which of the 15 delayed signals at taps Tl-T15 or the 
input signal (non delayed) has an edge or transition that is closest 

2 0 to the edge of horizontal sync signal HS. The closest tap signal, 
after identification by logic 108, is supplied via the 16 conductor 

bus 120 to a multiplex selection switch 110. The switch 110 then 
selects the one of the 15 tap signals (delayed) or the input signal 

(non-delayed) as an output signal YCK and applies this signal to 

2 5 output terminal 116 for the remainder of the horizontal line. 
In the above manner the input master clock signal 

MCK is delayed by the tap identified by the selection logic unit 
106 as being closest to the leading edge of horizontal sync and this 
tap is used for delaying all following master clock signals for the 

3 O remainder of the horizontal line. When the next horizontal line 
begins, the edge of horizontal sync again latches all of the tap 
delay data in memory 106 and the cycle repeats. Accordingly, the 
master clock signal MCK is phase shifted by the selected tap delay 
to produce the phase shifted output clock YCK that is edge aligned 

3 5 with horizontal synchronizing signal HS. 
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The present invention is directed to a problem in re-

timing apparatus of the type described which relates to variations 
in the propagation delay of the delay elements and the 
propagation delay of gate transitions in the multiplex selection 

5 logic 108 from one integrated circuit to another. Propagation delay 
variations are important because they can affect a number of re­
timing parameters such as the numbers of delays and taps, and 
the choice of custom or standard cell fabrication techniques which, 
in tum, may also affect yields and costs of finished circuits. 

1 0 More directly, in the foregoing description of the 
known re-timing circuit there are a total of 15 taps and the 
master clock period was 70 nano-seconds. This value for period is 
based on an assumed NTSC standard signal sampled at a rate of 
four times the color subcarrier (4Fsc). In order to provide a full 

15 cycle (70 nano-seconds) of delay for the master clock pulse MCK, 
the delay line must provide a delay which, at minimum, is in . 
excess of 70 nano-seconds. For 15 taps, a delay of 5 nano-seconds 
per delay element will provide a minimum total delay time of 75 
nano-seconds which meets the minimum total delay requirement 

2 0 for the line. 
Another factor affecting the choice of tap delay is the 

visual resolution of the human eye. It has been found that a delay 
resolution of 10 nano-seconds or finer is necessary to make edge 
variations of vertical lines essentially imperceptible. The 5 nano-

2 5 second delay is more than adequate in this respect. If one 
assumes a maximum delay of 10 nano-seconds based on visual 
perceptibility and a minimum delay of S nano-seconds per 
element for fifteen elements to provide the minimum total delay 
based upon the master clock period, then the maximum "spread .. 

3 0 of delay values is in a ratio of two-to-one (2: 1 ). 
Re-timing circuits have been constructed using a 

semiconductor process with a batch-to-batch propagation delay 
variations of two-to-one for delay elements. However, this 2: 1 
ratio is a relatively close tolerance for processing with standard 

3 5 cell delay devices. To meet all of the criteria discussed above. it 
has heretofore been found to be necessary to utilize custom 
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designed delay "cells" (elements) to obtain a delay variation or 
11spread11 of which does not exceed a 2: 1 ratio. By custom 
designing a delay element in a semiconductor process one may 
reduce the variation of delays from chip to chip to a factor of 

5 about two-to-one (2:1). On the other hand, there is a clear cost 
advantage in using standard cell delay elements even though the. 
delay "spread" from chip to chip may be much wider, such as a 
four-to-one ( 4: 1) ratio of maximum to minimum expected delays 
from batch-to-batch of integrated circuits. 

1 0 Another problem in implementing the known re-
timing circuit concerns the propagation delay of gates in the 
multiplex selection switch 108. Recall that logic 108 must make 
an identification of which tap signal is closest to the synchronizing 
signal edge. If one chooses a delay spread of 4:1, then the 

15 maximum delay per tap will be 10 nano-seconds (the threshold of 
perception) and the minimum delay will. be 2.5 nano-seconds. For 
delay element delays of 2.5 nano-seconds, 30 delays will be 
needed to satisfy tl>.e requirement that the minimum total delay 
be greater than the clock period (> 70 nS). But if there are 30 

20 delays, there must ·also be 30 inputs to the selection logic 108 and 
this logic employs serial or ''ripple" carry processing. The 
difficulty, is that if the total gate propagation delay time in 
selection logic 108 through 30 stages exceeds the period of the 
master clock, 70 nS, then selection logic 108 may fail to identify 

2 5 the closest MCK clock edge for failure to complete all processing of 
the 30 tap signals within one clock cycle. 

The present invention is directed to meeting the need 
for clock re-timing apparatus suitable for construction in 
integrated circuit form with delay elements which may exhibit 

3 0 relatively wide propagation delay variations, such as four-to-one. 
Delay apparatus embodying the invention comprises a 

cascade connection of a plurality of delay elements formed in an 
integrated circuit and responsive to a clock input signal for 
providing a plurality of delayed clock signals at respective taps. A 

3 5 selection circuit, responsive to a synchronizing signal supplied 
thereto, couples a selected one of the taps to an output for 
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providing a delayed clock output signal that is edge-aligned with 

the synchronizing signal. The number of delay elements between 
selected taps varies. . 

The invention is illustrated in the accompanying 
5 drawing wherein: 

FIGURE 1 is a block diagram of a clock re-timing 
apparatus known in the prior art; 

FIGURE 2 is a block diagram of a clock re-timing 
embodying the invention; apparatus 

10 FIGURES 3A, 3B and 3C are detailed timing diagrams 

illustrating certain aspects of operation of the clock retiming 

apparatus of FIGURE 2; 
FIGURE 4 is a Table of comparative normalized delay 

distributions for delay elements in the example of the invention of 
15 FIGURB2; 

FIGURE S is a block diagram illustrating a modification 
of. the apparatus of FIGURE 2; and 

FIGURE 6 is a logic diagram illustrating tap selection 
circuitry suitable for use in the example of FIGURE 2. 

2 O The clock re-timing apparatus 200 of FIGURE 2, 
embodying the invention, is designed. for construction in 
integrated circuit form with conventional "standard cell" delay 
elements which may exhibit a batch-to-bateh delay variation of 

up to a ratio of four-to-one (4:1) without requiring as many taps 
2 S as would otherwise be required if the delay line were tapped at 

each of the 29 delay elements. This approach takes advantage of 
the fact that the oniy time that the rightmost (i.e., the last) tap can 
be selected is when the sub-element delay is substantially less 
than the 1 O nano-seconds upper bound of visual perception. This 

3 0 principle allows the normal delay per tap to be geometrically 
increased along the delay line and still guarantee that the worst 
case delay per tap is less than the 10 nano-second requirement. 
Actually, as will be explained, the distribution of delay elements 
per tap is not simply geometric but includes a linear delay region 

3 5 and a progressive delay region. Detailed explanations of how to 
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determine the delay distributions are discussed later in 

connection with FIGURE 4. 

Recall that the primary advantage of reducing the 

number of taps is to reduce the number of inputs to the tap 

5 selection logic unit 8. In this specific case there is a reduction of 

28 taps for a linear delay line to 19 taps for a progressive delay 

line. The tap selection logic is a ripple type structure (shown in 

detail in FIGURE 5) and thus has a propagation time proportional 

to the number of inputs. It must settle in less than one period (70 

1 0 nSec.) of the master clock MCK and the use of graduated or 

progressive tap distributions, in accordance with the invention, is 

an effective way of meeting this requirement. 

In more detail, the clock re-timing apparatus 200 of 

FIGURE 2 includes an input terminal 2 for receiving a main clock 

1 5 input signal MCK to be retimed with respect to a horizontal 

synchronizing signal HS applied to an input terminal 14. The main 

clock input signal MCK is coupled via conductor 4 to the input of a 

tapped delay line 30 comprising 29 delay elements Al-A29. The 

delay elements are tapped at 19 points to provide 19 delayed tap 

2 0 signals (Tl-Tl 9) having a particular delay distribution discussed 

later. 
The delayed tap signals, together with the un-delayed 

main clock input signal MCK, are applied via bus 12 and conductor 

4, respectively, to a memory unit 6 comprising nineteen "D" or 

2 5 "data" type flip-flops. All flip-flops in the memory unit 106 are 

clocked simultaneously by the leading edge of the horizontal input 

signal HS at input terminal 14. As a result, the nineteen flip-flops 

in memory 6 store what may be thought of as a "snap-shot", a 

"picture" or a "profile" of waveform of one complete cycle of the 

3 0 master clock signal MCK in delay line 30 taken at the moment that 

the synchronizing signal HS arrives. 
The "snapshot" of the master clock signal is illustrated 

in FIGURE 3A by the waveforms TO to T6. Waveform TO is the 

master clock MCK applied to the delay line 30 input. The other 

3 5 waveforms correspond to the signals at taps Tl-T6, respectively. 
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There are, of course, a total of 19 tap waveforms but only six are 
shown to simplify the drawing. 

The vertical dashed line in FIGURES 3A and 3B, is 

aligned with the horizontal sync transition and identifies all of the 

5 tap values (e.g .. binary one or binary zero) that are stored in 

memory 8 at the moment of the horizontal sync signal transition 

300. By comparing all nineteen tap values stored in memory 6, 

one may determine which tap is closest to the leading edge of 
horizontal sync HS. This identification is made by the tap selection 

1 0 logic unit 8 that receives the 19 stored tap values from memory 

unit 6 via the bus 18. The closest tap in FIGURE 3 is tap T3 (in 

bold) which corresponds to the signal of master clock MCK delayed 

by 3 delay elements. 
Once the closest tap is identified, the tap selection logic 

15 8 sends a signal on one of the conductors of bus 21 to multiplex 
switch 10. This causes multiplex switch 10 to connect tap T3 to 

the output termina~ 116. This is illustrated by the signal YCK 
waveform shown in FIGURE 3C which shows that the leading edge 

of the re-timed clock signal YCK is aligned with the leading edge of 

2 0 the horizontal synchronizing signal HS and the signal itself 
corresponds tQ the master clock signal MCK delayed by three 

delay elements. The area before the horizontal sync transition is 
hatched to signify that the previous phase of signal YCK is of no 

concern. This follows since no data from the previous line is 
2 5 needed for determining the delay of the current line. Delays, in 

other words, are determined anew on a line-by-line basis and so 
the delay of the previous line is of no consequence in determining 

the delay of the current line. 
Briefly summarizing to this point, the input master 

3 0 clock signal MCK is delayed by the tap selected in delay line 30 by 

the selection logic unit 6 from the stored tap data in memory 106 
and this tap is connected to the output terminal 116 by multiplex 
switch 10 thus delaying all following master clock signals for the 
remainder of the horizontal line. When the next horizontal line 

3 5 begins, the edge of horizontal sync again latches all of the tap 
delay data in memory 106 and the cycle repeats. Accordingly. the 
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master clock signal MCK is phase shifted by the selected tap delay 

to produce the phase shifted output clock YCK 304 that is edge 

aligned with horizontal synchronizing signal HS. All the following 

clock cycles for the remainder of a horizontal line are thus 

5 synchronized with the horizontal sync signal HS. When the next 

horizontal signal appears, the process repeats with the output 

clock YCK being synchronized with the synchronizing signal HS so 

that the retimed clock signal YCK is up-dated for every horizontal 

line. 
10 Delay line 30 in FIGURE 2 is intended to be fabricated 

with delay elements which may have a delay variation, from 

batch to batch, of four-to-one (4:1) and specifically from a 

minimum of 2.5 nano-seconds to a maximum of 10 nano-seconds. 

By the term batch to batch variation, it is meant that in one 

1 5 production run of clock re-timing circuits the delays may all be 

2.5 nano-seconds and in another production run the delays may 

all be 10 nano-seconds. In delay line 30 the total number of delay 

elements is increased to 29 thus providing a maximum delay of 

72.5 nano-seconds for the overall line under the worst case 

2 0 condition of all delay elements being 2.5 nano-seconds. This delay, 

72.5 nano-seconds, is greater than the period of the master clock 

which is 70 nano-seconds (NTSC signal assumed with clocking at 

four times the cblor subcarrier) and therefore covers a full range 

of phase relationships between the main clock MCK and the 

2 5 leading _edge of horizontal synchronizing signal HS. 

The "delay distribution" of delay elements per tap is 

shown in the example of FIGURE 2 where it is seen that there are 

29 delay elements and only 19 taps and the tap distribution is not 

uniform. The first 13 taps, for example, are "spaced" one delay 

3 0 element apart, the next 3 taps are spaced two delay elements 

apart, the following two taps are spaced three delays apart and 

the final delay tap 19 is spaced four delay elements from the 

preceding tap 18. This distribution provides a resolution per tap 

of at least ten micro-seconds for delay element variations over a 

3 5 4: 1 range. 
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FIGURE 4 provides a tabular presentation of the delay 

distribution for FIGURE 2 and for three other cases as well. In 

FIGURE 4 the first column is the tap number for delay line 30. The 

second column labeled "uniform delay elements" illustrates that 

5 for a linear delay line with 1 delay element between each tap, the 

total number of taps required would be 28 to provide a minimum 

total delay of 70 nano-seconds. The column labeled "unitary delay 

elements" is a listing of the elements per tap for the example of 

FIGURE 2. As shown, the number of taps is reduced to 19 for a 

1 0 minimum total delay of 72.5 nano-seconds. This is a significant 

reduction as compared with the 28 taps required for a linear 

delay line. The column labeled half unit delay elements is an 

example of a delay distribution which may be used if one has 

delay elements of 1.25 micro-seconds available (half of 2.5 

15 microseconds). As shown, there is a further reduction of two taps 

but more delay elements are required. 

The last column in the table of FIGURE 4 illustrates the 

tap requirements if one had a standard cell library containing 

continuously adjustable delay elements. This case also represents 

2 0 the absolute minimum· number of taps for a re-timing circuit 

meeting the specific requirements of total delay, delay resolution,· 

delay spread, etc. of the illustrated embodiment. As seen, the 

continuous case approaches a maximum tap delay of 4.00 units in 

only 16 taps. This is one better than the semitary example and 3 

2 5 better than the unitary example. Never the less, when one 

considers construction of unitary delays or the need for extra 

delays in the semitary example, the clear preference is the simple 

unitary version of FIGURE 2. 
Calculation of specific delays per tap is not a simple 

3 0 matter but may be easily understood by considering the following 

equations which govern the delay distribution and some 

associated examples. Consideration will first be given to 

calculation of the tap delays for the continuous delay case. The 

discrete delay cases, discussed later, are essentially integer 

3 5 extensions of the continuous case. 
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In the continuous case the first seven taps must equal 

one ''standard delay element" each. Since the coarsest delay 

element can not be more than 10 nano-seconds to meet the visual 

resolution requirements previously discussed, and since the total 

5 delay must equal 70 nano-seconds, at least 7 delay elements of 10 

nano-seconds each are required to produce the minimum total of 

70 nano-seconds and a uniform delay resolution, from tap to tap, 

of 10 nano-seconds. Accordingly, in the ltcontinuous delay" 

column in FIGURE 4, the first seven taps are listed as· 1.00 each. 

1 0 All listed values are normalized against what will be termed a 
"standard delay element" which can be any value between 2.5 and 

10 nano-seconds depending on the manufacturing process. The 

actual delay is then obtained by multiplying the "standard delay 

element11 value by the normalized value. 
1 5 The next tap, tap number 8, and all subsequent taps, 

20 

25 

30 

are calculated by the following relationships for a 4: 1 spread, 10 

nano-second maximum tap difference and at least 70 nano­

seconds total delay (the reciprocal of the master clock MCK). First, 

for the Nth tap it is noted that: 

(l:+ Xn) T = 70 ns (1) 

Xn T = 10 ns (2) 
Xn = (1/6)(1:) = 0.16666 l: (3) 

In equations 1-3 above: . 
l: is the sum of the normalized delays of all stages 

preceding the Nth stage (e.g.. stages from N to N-

1). 

T is the delay per "standard delay element". 
Xn is the normalized incremental del-ay (e.g., this is the 

incremental delay divided by the delay per 
"standard delay element") for a given stage "n" 
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10 

l 1 
for the case where delay elements may be 
varied on a continuous basis (FIG. 4, right most 
column). 

10, is a 10 nano-second constant corresponding to the 
minimu_m acceptable resolution and 

70, is a 70 nano-second constant that corresponds to 
the minimum total delay for the whole line. This 
equals the reciprocal of the master clock signal 
MCK. 

Equation ( 1) above indicates that the sum of the 
current delay and all previous delays must equal a minimum 
value of 70 nano-seconds, which is the period of the master clock 
MCK. Equation (2) defines the normalized incremental delay in 

15 terms of the minimum acceptable resolution (e.g .• 10 nano­
seconds). By combining equations (1) and (2) above and solving 
for Xn, one obtains equation (3) which provides a value that is the 
normalized incremental delay for the Nth tap in a progressively 
weighted delay line. 

2 0 As an example of the use of equation (3 ), the 
normalized incremental delay value for the Nth stage is 
determined by taking one sixth of the sum of the normalized 
delays of all previous stages (N-1). In any delay line for the 
above specifications, there must be at least seven delays of unity 

2 5 value since the delays may be as much as 10 nano-seconds thus 
equaling the total delay for the delay line. Thus, each of the first 
seven stages must have a normalized incremental delay of 11 l 11. For 
stage 8, the sum of the previous stages is 7 so for stage 8 the 
normalized incremental delay is ("X") 0.16666(7) which equals 

3 0 1.16666. This is shown as the entry in the "continuous" column in 
FIGURE 4 for tap 8. Adding the normalized incremental delay 
(1.1666) for tap 8 to the previous 7 taps gives a total of 8.1666 
for the sum of all previous normalized incremental delays. 
Dividing this (8.1666) by 6 gives the normaliZed incremental 

3 S delay of 1.3611 for the 9th tap. By repeating this proceedure, the 
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normalized incremental delays may be calculated for all the taps 

as shown in FIGURE 4. 

The calculation of the discrete values of normalized 

incremental delays is similar to calculation of the continuous 

5 values except that the normalized incremental value for any stage 

is not added to the previous sum unless it is an integer. As an 

example, starting with stage 8, the normalized incremental values 

are 1.1666, 1.250, 1.500; 1.6666; and l.811 for taps 8-12. None of 

these are integers. None are added when applying equation (3) so 

1 0 taps 1-12 all have normalized incremental values of 1 and the 

sum L equals 12. 
Tap 13 is the first tap in this example which has a 

normalized incremental value that is an integer step. Specifically, 

for tap 13 the sum of all previous normalized values is 12 and 12 

15 divided by 6 equals 2. Accordingly, there are two delay elements 

between tap 13 and the next tap and the normalized incremental 

tap value (for use with tap 14)" is advanced by "211
• Eventually the 

normalized incremental values increase in steps of "3" and finally 

the last step is a value of 11411 (meaning that 4 stages of 2.5 nano-

2 O seconds each are required) 

FIGURE 5 is an example of a delay distribution met by 

the use of "half delay" elements of 1.25 nano-seconds each. These 

half-elements implement the distribution in FIGURE 4 for the 

half-unit column. As shown, only 17 taps are needed (2 less than 

2 5 for the unitary example) but 49 delays are used. As a practical 

matter fewer delays could be used if both 2.5 _and 1.25 nano­

second delays could be formed on the integrated circuit. 

FIGURE 6 illustrates logic circuit details suitable for 

implementing the re-timing apparatus of FIGURE 2. The flip-flops. 

3 0 selection circuit and multiplex switch circuits are similar for each 

tap so only a few stages are shown to simplify the drawing. 

Exceptions are the first and last stages which provide feedback to 

stop the selection process after the leading edge of sync is 

reached. Essentially the D flip-flops 6, the mux selection logic 8 

3 5 and the switch 10 are as shown in the previously mentioned 

Willis et al. patent No. 4,992,874 and so only a brief description 
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will be provided here. The overall circuit operation ·is exactly as 

previously discussed in the example of FIGURE 2 and the related 
FIGURES 3 and 4. 

Responsive to a positive-going tr_ansition of the master 
5 clock signal MCK. instantaneous samples of each of the different 

phases of the signal MCK are stored in respective D type flip-flops 
(610,620, 630, 640) of memory 6. Since the total delay provided 

by the delay line 30 approximates one period of the master clock 

signal MCK, ~e values stored in these flip-fl~ps represents a 
10 "snapshot .. of all of the phases of the clock signal MCK at the 

different taps. taken at the transition of the synchronizing signal 
HS. 

If this "snapshot" includes a positive going transition 
of the master clock signal, one of the flip flops, for example 620, 

1 5 will have a logic-one output signal and the next successive flip 
flop, 630, will have a logic zero output signal. In this instance, all 

of the input signals to an AND gate 634 of tap selection logic unit 8 

will be logic one. In this instance, the output signal of the AND 

gate 634 will enable the clock phase signal provided by tap 18 to 
2 0 pass through an AND gate 638 and an OR gate 660 (in multiplex 

switch 10) as the output signal of the re-timing apparatus and tap 
18 remains connected to the output terminal 16 for the remainder 
of the horizontal line interval until the next synchronizing pulse 
appears. 

2 5 When the tap logic levels or "snapshot" stored in 
memory 6 includes more than one transition, inhibiting circuitry 
which includes inverters 616, 636, 646 and 656 allows only the 
clock signal phase corresponding to the first transition to be 
selected as the delayed clock output signal YCK. When the 

3 0 "snapshot" includes only a negative going transition, or when the 
sample values held in the flip flops are all logic one, indicating no 
captured transition, the clock signal phase provided by the delay 
element 29 at tap 19 is selected as the phase aligned output signal 
YCK. This selection is accomplished by the "pseudo-stage" 655. 

3 5 Finally, when the "snapshot" does not include any transitions but 
the values held in the various flip flops are all logic zero, the 
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signal of the master clock MCK is selected as the phase aligned 
output signal YCK by action of AND gates 614 and 618 and an 
inverter 616. 
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1 5 
CLAIMS: 

1. Integrated clock re-timing apparatus, compnsmg: 

a delay line comprising a cascade connection of a 

5 plurality of delay elements responsive to a clock input signal for 
providing a plurality of delayed clock signals at respective taps; 

a selection circuit, responsive to a synchronizing signal 
supplied thereto, for coupling a selected one of the taps to an 
output for providing a delayed clock output signal that is edge-

1 0 aligned with the synchronizing signal; and -wherein 
the number of delay elements between some taps 

varies. 

2. Apparatus as in Claim 1 wherein: 
1 5 the number of delay elements between taps is 

constant for a first group of taps and is graduated for a second 
group of taps. 

3. Apparatus as in Claim 2 wherein: 
2 0 said first group of said. taps are spaced one delay 

element ap~rt for a given number of delay elements in said 
cascade; and 

said second group of said taps are spaced at least two 
delay elements apart for a predetermined number of said taps. 

25 
4. Apparatus as in any of Claims 1, 2 or 3 wherein: 
the distribution of delay elements among said taps is 

selected to minimize the number of taps required to provide a 
given minimum delay resolution for the re-timed clock output 

3 0 signal and a given minimum total delay for said delay line. 

35 
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16 
5. Apparatus as in Claims l, 2 or 3 wherein: 
said delay elements in a given integratCd circuit are of 

uniform delay but exhibit a range of delay variations from one 
integrated circuit ·to another that may vary over a predetermined 

5 range; and 

10 

the distribution of delay elements among said taps is 
selected to minimize· the number of taps required to provide a 
given minimum delay resolution and a given minimum total delay 
for said delay line. 

6. Apparatus as in Claims 1 or 2 wherein: 
the distribution of delay elements among said taps is 

selected to minimize the number of taps required to provide a 
given minimum delay resolution and a given minimum total delay 

1 5 for said delay line; and wherein 
said minimum. total delay is at least one period of said 

input clock signal. 

7. Apparatus as in any of Claims 1 or 2 wherein: 
2 0 the distribution of delay elements among said taps is 

selected to minimize the number of taps required to provide a 
given minimum delay resolution and a given minimum total delay 
for said delay line; and wherein 

said minimum delay resolution is about ten micro-
25 seconds. 

8. Apparatus as in any of Claims 1 or 2, wherein: 
the distribution of delay elements among said taps is 

selected to minimize the number of taps required to provide a 
3 0 given minimum delay resolution and a given minimum total delay 

for said delay line; and wherein 
said minimum total delay is at least one period of said 

input clock signal; and wherein 
said minimum delay resolution is about ten micro-

35 seconds. 
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1 7 
9. Apparatus as in any of Claims 1 and 2, wherein 
the delay elements within a given integrated circuit 

are of uniform delay; and wherein 
the delay elements of one integrated circuit may 

5 differ in delay from those of another integrated circuit by a factor 
of greater than two-to-one. 

10. Integrated video clock retiming apparatus, 
comprising: 

1 0 a delay line comprising a cascade connection of a 
plurality · of delay elements formed in an integrated circuit and 
responsive to a clock signal source for providing a plurality of 
delayed clock signals at respective taps; 

a selection circuit formed in said integrated circuit and 
1 5 responsive to a synchronizing signal supplied thereto for coupling 

one of said taps to an output for providing a re-timed clock output 
signal that is edge-aligned with said synchronizing signal; and · 
wherein: 

there are fewer taps than delay elements so as to form 
2 0 a distribution of tap delays selected to minimize the number of 

taps required to provide a given minimum delay resolution and a 
given minimum total delay for said delay line. 

11. Apparatus as in <;!laim 10, wherein: 
2 5 said delay elements in a given integrated circuit are of 

uniform delay but exhibit a range of delay variations from one 
integrated circuit to another that may vary over a predetermined 
range of greater than two-to-one. 

3 O 12. Apparatus as in Claim 10 wherein: 
said minimum total delay is at least one period of said 

input clock signal. 


