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DIGITAL CLOCK/DATA SIGNAL RECOVERY 
METHOD AND APPARATUS 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] This invention relates to digital communications 
and more speci?cally to clock and data signal recovery for 
digital communications. 

[0003] 2. Description of the Prior Art 

[0004] As is Well knoWn in the ?eld of digital (e.g., 
computer data) communications, tWo fundamental processes 
are carried out at the receiver end of a communications 
system to convert an analog signal transmitted along a 
communications channel to a digital signal. These processes 
are (1) analog amplitude domain processing Which typically 
includes signal equalization and slicing in order to produce 
a discrete level, analog transition time signal; (2) analog 
transition time processing Which typically includes clock 
signal and data signal recovery to produce a discrete level, 
discrete time signal; see “IA 30-MHZ Hybrid Analogy 
Digital Clock Recovery Circuit in 2-pmCMOS,” Kim et al., 
IEEE Journal ofSolid-State Circuits, SC-25, Dec. 1990, PP. 
1385-1394. This disclosure is directed to the latter process. 

[0005] Note that a discrete level/ analog transition time 
signal has only tWo voltage levels but can transition betWeen 
those levels at any time. Adiscrete level/discrete time signal 
again has only tWo voltage levels but can transition betWeen 
those tWo levels only at multiples of a time period. 

[0006] Data recovery is usually achieved by sampling a 
discrete level/analog-transition-time signal at a rate deter 
mined by a recovered clock (timing) signal. There is typi 
cally no independent timing signal per se; instead the “clock 
signal” is inherent in the timing of the data signal pulses. The 
recovered clock signal therefore is a timing signal generated 
synchronous to the rate at Which the original data pulses 
Were transmitted from the receiver. 

[0007] See FIG. 1 shoWing a conventional digital com 
munications system including, at the receiver end, a D-type 
?ip ?op circuit 14, to the D terminal of Which a data signal 
is coupled via line 10. The clock input terminal of ?ip ?op 
14 is connected via input line 16 to a transmitter (TX) clock 
signal. The output signal from ?ip ?op 14 at its Q terminal 
is coupled via analog processor 20 to a communications 
channel 22, for instance a tWisted cable pair, coaXial cable 
etc. Channel 22 may also be for instance an optical ?ber link, 
telephone line, microWave transmission system, etc. (In the 
optical ?ber situation, the analog processor 20 is replaced by 
an optical transmitter.) At the distal end of the communica 
tions channel 22 the receiver is located Which includes an 
analog processing circuit 26, as described above including 
both equalization and slicer functions. The output signal 
from analog processing circuit 26 is connected to the input 
terminal of a clock recovery circuit 30, the output terminal 
of Which is connected to the clock input terminal of a D type 
?ip ?op 32 Which performs the data recovery function. Line 
36 connects the output terminal of the analog processing 
circuit 26 to the D input terminal of the data recovery ?ip 
?op 32. The recovered data signal is output on the output (Q) 
terminal of the ?ip ?op 32. 

[0008] FIG. 2 relates to FIG. 1 by shoWing at each of the 
designated nodes A, B, C, D, E, F, G in FIG. 1, the 
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associated Waveform. Node A carries the digital clock sig 
nal; node B carries the digital data signal, each pulse of 
Which de?nes a high and a loW state. Node C carries the 
analog counterpart of the node B signal. Node D carries the 
received analog signal as distorted by channel 22. Node E 
carries the processed received analog signal, including some 
errors at the transition times (arroWs). Node F carries the 
recovered clock signal and node G the recovered digital data 
signal. 

[0009] FIG. 3 shoWs detail of the clock recovery circuit 30 
of FIG. 1, illustrating one technique for clock/data recovery 
Which recovers the clock signal using an analog phase 
locked loop (PLL) that is locked to the discrete-level/analog 
transition-time signal, hereinafter referred to as the analog 
transition signal. This recovered clock signal is applied to a 
?ip ?op 32 to sample the analog-transition signal. The 
output of ?ip ?op 32 at node G is the discrete level, discrete 
time signal hereinafter referred to as a digital signal. 

[0010] The clock recovery circuit 30 includes a phase 
detector 40 Which generates up or doWn pulses Whose 
durations are proportional to the phase error betWeen the 
recovered clock signal and the signal at node E. The output 
of the phase detector 40 is coupled to a charge pump 44 
Which in turn is connected via analog ?lters 46 and 48 to the 
input terminal of a voltage controlled oscillator (VCO) 54. 
The output signal from the VCO 54 is fed back to the other 
terminal of the conventional phase detector 40, thus forming 
the conventional analog phase locked loop. The nodes E, F, 
A in FIG. 3 correspond to the similar nodes in FIG. 1. 

[0011] The analog PLL, While common, suffers the same 
disadvantages as most analog circuits, namely: being dif? 
cult to manufacture because of process variations, sensitive 
to system noise, and sensitive to temperature and poWer 
supply drift. 

SUMMARY 

[0012] In accordance With this invention, clock and data 
signal recovery is performed, in one embodiment, Without 
using an analog PLL, and Wherein all digital processing is 
performed at for instance one half the data rate. This is done 
by providing a digital delay locked loop based on e.g., an off 
chip reference clock signal. A phase detector, phase pump, 
and a loop ?lter are in the delay locked loop, Where the phase 
falling) edge, if the current delay (phase) of the reference 
clock signal is leading or lagging the data signal edge. The 
loop ?lter determines from the stream of lead/lag indicators, 
by a non-linear digital ?ltering process, Whether it should 
increase or decrease the delay. The phase pump “holds,” or 
stores the current reference clock signal phase, until the neXt 
update by the loop ?lter. This advantageously eliminates the 
VCO from the loop, alloWs use of digital signal processing, 
and provides better performance. 

[0013] In one embodiment the non-linear loop ?lter is a 
digital signal processing apparatus and drives a phase pump 
Which in turn outputs a signal to a selector Which selects 
from amongst a number (eg 32) of various phases of a 
clock signal. The phase is selected in response to Whether a 
lead or lag adjustment is necessary. This leading or lagging 
neW clock signal is then fed back to the phase detector and 
also is used as the clock signal to clock the data recovery 
circuit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 
[0015] FIG. 2 shows Waveforms associated With various 
nodes of the circuit of FIG. 1. 

[0016] FIG. 3 shoWs the clock and data recovery circuits 
of FIG. 1 in additional detail. 

[0017] FIG. 4 shoWs a clock and data recovery circuit in 
accordance With this invention. 

FIG. 1 shoWs a prior art phase detector. 

DETAILED DESCRIPTION 

[0018] FIG. 4 shoWs relevant portions of a receiver for a 
digital communication system in accordance With this inven 
tion. Other conventional portions of the receiver are not 
shoWn. For instance, Where this receiver is used in a Fast 
Ethernet environment, the conventional higher layers of 
circuitry that interface to eg a computer that uses the 
received data signal are not shoWn. The receiver in FIG. 4 
is intended to replace elements 30 and 32 in a system as in 
FIG. 1 and hence only represents the analog transition time 
processing portion, i.e., the clock and data recovery portion 
of the receiver. 

[0019] In FIG. 4, as in FIG. 1, line 60 is coupled to the 
output terminal of an equaliZer/slicer circuit 26, Which may 
be conventional. 

[0020] The incoming data signal on line 60 is therefore 
coupled to one (clock) input terminal of a lead/lag detector 
62, the other input terminal of Which is coupled to the output 
terminal 88 of multiplexer 70 and to the clock terminal of the 
data recovery ?ip ?op 90. Lead/lag detector 62 is eg a D 
type ?ip ?op connected as shoWn. In this case the clock input 
terminal is connected to receive the “data” input While the D 
input terminal is connected to receive the “clock” input 
signal, so this ?ip ?op 62 is connected in the reverse to the 
usual ?ip ?op connections. This is because the data signal is 
being used to sample the clock signal to determine if it (the 
clock) is currently leading or lagging. The output (Q) 
terminal of the detector 62 is connected to the input terminal 
of a non-linear digital signal processing element 64 Which is 
part of the loop ?lter referred to above, further functionality 
of Which is explained beloW. 

[0021] The output terminal of the non-linear DSP element 
64 is connected to the input terminal of a phase pump 68. 
The phase pump 68 is a digital circuit that essentially 
increases or decreases its output signal (according to its 
input signal) and holds its output signal. In this case the 
phase pump input signal is the amount of lead or lag as 
determined by 64 elements and its output goes to selector 70. 
So as long as the output signal of element 64 is Zero, the 
output signal of phase pump 68 Will be held eg for 32 data 
edges. 
[0022] The output port of phase pump 68 is an N bit digital 
bus coupled to the N control terminals of a selector (mul 
tiplexer) 70. The various signal input terminals of multi 
plexer 70 are coupled to receive various clock signals f1, f2, 
f3, fZN. In one example N equals 5, and so there are 32 such 
clock signals. The frequency of each clock signal f1, f2 etc. 
is the same: hoWever they are each slightly out of phase With 
one another, i.e. each is a successively delayed version of the 
clock signal. In one embodiment these clock signals are 
generated by applying a single clock signal from source 76 
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to the input terminal of a set of serially connected delay 
elements 78, 80, . . . 82. Hence in this case there are 31 such 

delay elements providing 32 signals f1, f2, . . . f32. The delay 
provided by each delay element is equivalent to that of 1/2N 
times the minimum expected time betWeen successive data 
signal edges (data signal period). Hence in one example if 
the period betWeen successive data signal edges is no less 
than 8 nanoseconds and there are 31 delay elements, each 
delay element gives 0.25 nanoseconds of delay. 

[0023] The source 76 of the clock signals in FIG. 4 is here 
designated as being a transmission (TX) clock, because in 
one embodiment the source 76 is an on-chip “transmission 
cloc ” signal Which is part of a transmitter. (It is to be 
understood that the FIG. 4 circuit, While it is a receiver, in 
this embodiment is on the same integrated circuit With an 
associated transmitter Which has its oWn clock signal 
source.) Generally such an “on-chip” transmission clock 
signal is knoWn to be Within a very small tolerance, in terms 
of frequency, of the received signal’s clock signal. Hence 
this is a convenient source of a clock signal Which is close 
to that of the received clock signal Which is to be recovered. 
Of course, other sources for the reference clock signal(s) 
may be used instead. 

[0024] Hence the output signal from the selector (multi 
plexer) 70 is the selected clock signal Which is used to clock 
the data recovery circuit 90, Which is similar to the data 
recovery circuit 32 in FIG. 1, and also used as a second input 
signal to the lead/lag detector 62. Hence the elements 62, 64, 
68, 70 With feedback line 88 form a digital delay locked 
loop. Note that only one phase of the reference clock 76 is 
needed at any given time. 

[0025] It is to be appreciated that in one embodiment this 
is essentially a digital device embodied in digital logic 
circuitry rather than by analog elements. As seen, no con 
ventional analog ?ltering components are needed. Instead, 
?ltering is provided by the non-linear digital signal process 
ing element 64. In one embodiment this is an all digital 
device, i.e. having no resistors or capacitors. Hence the 
present digital delay locked loop is all digital. 

[0026] The non-linear digital signal processing element 64 
in one embodiment is all digital “hardWare” (logic circuitry). 
HoWever this is not limiting and in other embodiments this 
and other elements in accordance With this invention may be 
for instance in the form of code (softWare) to be executed by 
a general purpose processor or by a dedicated digital signal 
processor. 

[0027] Appendix Aof this disclosure shoWs, in the form of 
Verilog code, one version of the relevant circuitry. Verilog 
code is a Well knoWn representation of digital logic circuitry, 
for instance for use in integrated circuits. The Verilog code 
in Appendix A, at pages 1 and 2, represents both the phase 
detector 62 and the non-linear digital signal processing 
element 64. Page 3 represents the phase pump 68. 

[0028] The non-linear digital signal processing element 64 
determines if the previously chosen clock signal, supplied 
on the D terminal of lead/lag detector 62 is arriving, in terms 
of time, before (leading) or after (lagging) the data edge 
provided on line 60. Element 64 in one embodiment counts 
a consecutive number of such lead/lag comparisons, eg 16. 
Clearly if the last 16 comparisons include a preponderance 
of data pulse edges leading the clock signal, it is desirable 
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to advance the clock signal; if the data edges are lagging the 
clock signal, it is desirable to retard the clock signal. Hence 
in the code POS-CNT (positive count) refers to the number 
of data pulse rising edges counted. One embodiment counts 
both the rising and falling edge of each data pulse. One 
accumulates eg 16 such counts. In one embodiment if more 
than half these 16 counts indicate the existence of a lead, 
then one Wants to delay the clock signal; if less than half of 
them indicate a lead, one Wants to advance the clock signal. 
In one embodiment the advance at each instance is only one 
increment, Where the increment is the difference betWeen for 
instance signals f1 and f2 or f2 and f3 etc. Hence in this 
relatively simple version the advance (or retardation) at each 
decision time, eg 16 data edges, is only one phase (one 
delay period 78, 80, 82, etc.). In another version, the amount 
of delay or advance is made variable by using a more 
sophisticated non-linear DSP process in element 64. 

[0029] Hence the output signal from the non-linear DSP 
element 64 is in one embodiment merely a 0 or 1, Where 1 
indicates advancing the clock phase by one delay and 0 
indicates retarding the clock phase by one delay. The phase 
pump 68 then translates this value into the desired selection 
from amongst f1, f2, f3, etc. since the phase pump 68 keeps 
track of the previously selected clock signal f1, f2, etc. 

[0030] Hence by use of such an apparatus and the accom 
panying method, one dynamically alters the phase of the 
recovered clock signal using the all-digital delay locked 
loop. 
[0031] This disclosure includes copyrightable material. 
The copyright oWner gives permission for facsimile repro 
duction of material in Patent Office ?les but reserves all 
other copyright rights Whatsoever. 

[0032] This disclosure is illustrative and not limiting; 
further modi?cations Will be apparent to one skilled in the 
art in the light of this disclosure and are intended to fall 
Within the scope of the appended claims. 

I claim: 
1. A clock signal recovery apparatus for use in a receiver 

in a digital communications system, the clock signal recov 
ery apparatus comprising: 

a phase detector having tWo input terminals and an output 
terminal, a ?rst input terminal being coupled to receive 
an incoming signal having a clock signal to be recov 
ered; 

a signal processor having an input terminal coupled to 
receive an output signal from the phase detector, and an 
output terminal carrying a signal indicating a lead or 
lag in the recovered clock signal; and 

a selector having a plurality of input terminals respec 
tively coupled to receive clock signals of the same 
frequency and having differing relative delays, a con 
trol terminal coupled to the output terminal of the 
signal processor, and an output terminal carrying the 
recovered clock signal, the recovered clock signal 
being coupled to the second input terminal of the phase 
detector. 

2. The apparatus of claim 1, Wherein the phase detector is 
a D type ?ip-?op, and its clock input terminal is the ?rst 
input terminal and its D input terminal is the second input 
terminal. 
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3. The apparatus of claim 2, Wherein a frequency of the 
clock signals coupled to the selector is approximately the 
same as that of the recovered clock signal. 

4. The apparatus of claim 1, Wherein a frequency of the 
clock signals is f, there are n input terminals of the selector, 
and a delay difference betWeen clock signals is 1/nf. 

5. The apparatus of claim 1, Wherein the signal processor 
includes a signal processor portion coupled to a phase pump 
portion. 

6. The apparatus of claim 5, Wherein the phase pump 
portion outputs an output signal indicating a phase change 
from the signal processor portion for a particular time 
period. 

7. The apparatus of claim 5, Wherein the signal processor 
portion accumulates a plurality of lead or lag indicating 
signals from the phase detector and determines if the accu 
mulated plurality of the signals collectively leads or lags the 
recovered clock signal and thereby outputs the signal indi 
cating the lead or lag in the recovered clock signal. 

8. The apparatus of claim 7, Wherein the signal processor 
portion determines non-linearly if the accumulated plurality 
of output signals collectively lead or lag. 

9. The apparatus of claim 8, Whereupon if the accumu 
lated plurality of signals are determined to be lagging, the 
signal processor portion outputs a signal for selecting a 
clock signal having reduced delay, and if the accumulated 
plurality of signals are determined to be leading, the signal 
processor portion outputs-a signal for selecting a clock 
signal having an increased delay. 

10. The apparatus of claim 8, Wherein the signal processor 
portion determines non-linearly if the accumulated plurality 
of signals are leading or lagging. 

11. The apparatus of claim 1 Wherein the apparatus 
includes only digital logic elements. 

12. The apparatus of claim 1, Wherein the phase detector 
detects both rising and falling edges of incoming signal 
pulses. 

13. A method for recovering a clock signal from a 
received signal, comprising the steps of: 

detecting a phase of the received signal; 

accumulating a plurality of the detected phases to deter 
mine a change in a recovered clock signal; 

selecting one of a plurality of clock signals to be the 
recovered clock signal, each of the plurality of clock 
signals having about the same frequency and differing 
delays, in response to the determined change; and 

using the selected clock signal for timing the step of 
detecting a phase. 

14. The method of claim 13, Wherein the step of accu 
mulating includes determining non-linearly if the accumu 
lated detected phases collectively lag or lead the selected 
clock signal. 

15. The method of claim 13, Wherein the step of detecting 
includes detecting a phase of both positive going and 
negative going edges of the received signal. 

16. The method of claim 13, Wherein the step of accu 
mulating includes counting a number of the detected signal 
edges that lag and a number of the detected signal edges that 
lead. 

17. The method of claim 13, Wherein the plurality of clock 
signals has frequency f, there are n clock signals in the 
plurality, and a delay difference betWeen clock signals is 
1/nf. 
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18. A receiver apparatus for receiving clock and data 
signals in a digital communications system, comprising: 

an equalizing and slicing portion Which receives an 
incoming signal and outputs a discrete level analog 
transition time signal; 

a clock recovery portion including: 

a phase detector having tWo input terminals and an output 
terminal, a ?rst input terminal being coupled to receive 
the discrete level analog transition time signal having a 
clock signal to be recovered; 

a signal processor having an input terminal coupled to 
receive an output signal from the phase detector, and an 
output terminal carrying a signal indicating the amount 
of lead or lag in the recovered clock signal; and 

a selector having a plurality of input terminals respec 
tively coupled to receive clock signals having about the 
same frequency and having different relative delays, a 
control terminal coupled to the output terminal of the 
signal processing, and an output terminal carrying the 
recovered clock signal, the recovered clock signal 
being coupled to the second input terminal of the phase 
detector; and 

a data recovery portion having a clock terminal coupled to 
receive the recovered clock signal, a data input terminal 
coupled to receive the incoming signal, and an output 
terminal providing a recovered data signal. 

19. The apparatus of claim 18, Wherein the data recovery 
portion is a D type ?ip-?op circuit. 

20. The apparatus of claim 18, Wherein the phase detector 
is a D type ?ip-?op circuit and its clock input terminal is the 
?rst input terminal and its D input terminal is the second 
input terminal. 

21. The apparatus of claim 20, Wherein a frequency of the 
clock signals coupled to the selector is approximately the 
same as that of the recovered clock signal. 
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22. The apparatus of claim 18, Wherein a frequency of the 
clock signals is f, and there are n input terminals of the 
selector, and a delay difference betWeen clock signal is 1/nf. 

23. The apparatus of claim 18, Wherein the signal pro 
cessor includes a signal processor portion coupled to a phase 
pump portion. 

24. The apparatus of claim 23, Wherein the phase pump 
portion outputs an output signal indicating a phase change 
from the signal processor portion for a particular time 
period. 

25. The apparatus of claim 24, Wherein the signal pro 
cessor portion accumulates a plurality of lead or lag indi 
cating signals from the phase detector and determines if the 
accumulated plurality of the signals collectively leads or 
lags the recovered clock signal, and thereby outputs the 
signal indicating the lead or lag in the recovered clock 
signal. 

26. The apparatus of claim 25, Wherein the signal pro 
cessor portion determines non-linearly if the accumulated 
plurality of output signals collectively lead or lag. 

27. The apparatus of claim 26, Whereupon if the accu 
mulated plurality of signals are determined to be lagging, the 
signal processor portion outputs a signal for selecting a 
clock signal having reduced delay, and if the accumulated 
plurality of signals are determined to be leading, the signal 
processor portion outputs a signal for selecting a clock 
signal having an increased delay. 

28. The apparatus of claim 26, Wherein the signal pro 
cessor portion determines non-linearly if the accumulated 
plurality of signals are leading or lagging. 

29. The apparatus of claim 18 Wherein the apparatus 
includes only digital logic elements. 

30. The apparatus of claim 18, Wherein the phase detector 
detects both rising and falling edges of the incoming signal 
pulses. 


