
Clock Recovery Circuit                             Field of the Invention
5        This invention relates to a clock recovery circuit, and more
particularly for such a circuit for use in an asynchronous, fixed      rate
data communication system.                         Background of the
Invention 10            In an asynchronous, fixed rate data communication
system,      data is transmitted at a predetermined fixed clock frequency
and      is received at a receiver which must have the same
predetermined clock in order to recover the transmitted data. 15  The clock
at the receiver must thus be synchronised with the      clock at the
transmitter.            Usually, due to the limited size of the
communication      channel, or bandwidth, the data information and the
transmitter      clock information are combined and transmitted together.
The 20  receiver must then recover the clock information in order to
synchronise with the transmitter.            Conventionally, the receiver
includes a clock recovery      circuit that uses a receiver clock having a
frequency which is      higher by an integral multiple N than the
transmitter clock, and 25  an edge detector to detect edges of a signal
transmitted by the      transmitter. A state sequencer having N states is
reset by each      detected edge and the output of the state sequencer
provides a      recovered clock signal which must be synchronised with the
transmitter clock. 30         Although such a recovered clock signal is
reasonably      accurate, a problem occurs when an edge of the receiver
clock      and an edge of the incoming signal arrive simultaneously at the
edge detector. when this occurs, an instability arises and the edge
detector can provide its output either correctly or one clock pulse 35
later. If the edge detector output is incorrect, the counter will be   



-2-       incorrectly reset and the recovered clock signal will also be
incorrect, causing potential problems with data recovery.
Brief Summary of the Invention  5            The present invention
therefore seeks to provide a clock      recovery circuit which overcomes,
or at least reduces the above-      mentioned problems of the prior art.
Accordingly, in one aspect, the invention provides a clock 10  recovery
circuit comprising: a clock information edge detector      comprising: a
digital signal input; and an edge detect signal      output; a state
sequencer comprising: a clock signal input; a      current state signal
output; a state reset signal input; and a      recovered clock information
signal output; and a state corrector 15   comprising: an edge detect signal
input coupled to the edge      detect signal output of the clock
information edge detector; a      current state signal input coupled to the
current state signal      output of the state sequencer; and a state reset
signal output      coupled to the state reset signal input of the state
sequencer. 20         In another aspect the present invention provides a
method      for recovering a clock signal comprising the steps of:
receiving a      clock signal and a digital signal which includes clock
information      edges, wherein the clock signal has an integral multiple N
higher      frequency than that of the digital signal; stepping through a
25   predetermined sequence of N states in accordance with the clock
signal; providing a current state signal indicating a current state;
detecting a clock information edge in the digital signal; counting      the
number of states since the detection of the last clock      information
edge; determining whether the current state is one 30   of a plurality of
predetermined allowable states; comparing the      number of states counted
with N; resetting a state sequencer to      an earlier state than the
current state when the number of states      counted is greater than N;
resetting the state sequencer to a later      state than the current state
when the number of states counted is 35  less than N; and generating a
recovered clock information signal      in accordance with at least part of
the current state signal. 



-3-                         Brief Description of the Drawings
One embodiment of the invention will now be more fully  5 described, by way
of example, with reference to the drawings, of      which:            FIG.
1 shows a block diagram of a clock recovery circuit in      accordance with
the present invention;            FIG. 2 shows timing waveforms of the
clock recovery circuit 10  of FIG.1;and            FIG. 3 shows a state
diagram of the clock recovery circuit of      FIG. 1.
Detailed Description of the Drawings  15         With reference to FIGS. 1
and 2 a clock recovery circuit 5      includes an edge detector 10, a 2
binary-digit (bit) Grey code      state sequencer 15, and a state corrector
20. The edge detector      10 has an input coupled to receive a digital
signal 101, which      includes clock information pulses 102-104, from a
transmitter 20  (not shown), and an output that provides an edge detect
signal      111 which has edge detect pulses 112-117. Each of the edge
detect pulses 112-117 is produced when a rising edge 102A-      104A or a
falling edge 102B-104B of the clock information pulses      102-104 is
detected in the digital input signal 101. 25         The 2-bit Grey code
state sequencer 15 has an input which      is coupled to receive a clock
signal 121, and an output which is      coupled to provide a recovered
clock signal 131. The frequency      of the clock signal 121 is four times
the frequency of the clock      information pulses 102-104 in the digital
signal 101, and the 30  recovered clock signal 131 indicates the timing of
the clock      information pulses 102-104 in the digital signal 101. The
2-bit      Grey code state sequencer 15 has four states represented by the
sequence 00,01,10,11, and it sequentially steps through these      four
states when a clock pulse of the clock signal 121 is received. 



35   The state of the 2-bit Grey code state sequencer 15 is indicated
by a reference designator 141.
-4-             Another input of the 2-bit Grey code state sequencer 15 is
coupled to receive a reset signal indicating a reset state which is
one of the four states, and another output of the 2-bit Grey code
state sequencer 15 is coupled to provide a current state signal  5
indicating the current state.            Now with additional reference to
FIG. 3, the arrows      between the four states 00,01,11 and 10 indicate
the sequence of      transitions 302, 304, 306 and 308 that the 2-bit Grey
code state      sequencer 15 sequentially steps through. Reset transitions
310 10  and 312 to reset states 00 and 11, occur when the current state
of the 2-bit Grey code state sequencer 15 is 00. When the current
state of the 2-bit Grey code state sequencer 15 is 00 and the      reset
signal indicates the reset state 00, then when the next clock      pulse of
the clock signal 121 occurs, the 2-bit Grey code state 15  sequencer 15
transitions 310 from the 00 state to the reset state      00.
Alternatively, when the current state of the 2-bit Grey code      state
sequencer 15 is the 00 state and the reset signal indicates      the reset
state 11, then when the next clock pulse of the clock      signal 121
occurs, the 2-bit Grey code state sequencer 15 20  transitions 312 from the
00 state to the reset state 11.            A Grey code sequence is used to
reduce the need for      additional decoding circuitry to provide the
recovered clock      signal 131. This is accomplished by using the second
bit of the      two bits representing the four states to provide the
recovered 25   clock signal 131. In addition, the Grey code sequence is
less      prone to race conditions.            The number of states of the
state sequence of the 2-bit      Grey code sequencer 15 is selected to
match the multiple by      which the frequency of the clock signal 35 is
greater than the 30  frequency of the clock pulses 102-104 in the digital
input signal      101. Hence, if the frequency of the clock signal 121 is
eight times      the frequency of the clock information pulses 102-104, a
3-bit 



Grey code sequencer is required.            The state corrector 20 has an
input coupled to receive the 35   edge detect signal 111 from the edge
detector 10, an output that      provides the reset signal to the 2-bit
Grey code state sequencer                                             -5-
15 and another input that receives the current state signal from      the
2-bit Grey code state sequencer 15. The state corrector 20      has a
memory that stores two states 11 and 10. These two states      are
non-resetable states 141 (shown shaded). When the current  5 state of the
2-bit Grey code state sequencer 15 indicated by the      current state
signal is either of these two states, the state      corrector 20 is
inhibited from resetting the 2-bit Grey code state      sequencer 15.
Instability in the edge detector 10 can cause the edge 10 detect pulse
112-117 to be produced when one of edges 102A-      104A and 102B-104B
occurs or earlier by one clock pulse of the      clock signal 121.
Hence, by selecting the non-resetable states to ones that      occur on or
just before the time the edge detect pulses 112-117 15 occurs, the present
invention advantageously reduces      erroneously resetting the 2-bit Grey
code state sequencer 15.      Inhibiting erroneous resetting allows the
2-bit Grey code state      sequencer 15 to continue stepping through the
sequential states.      This allows the recovered clock signal 131 to
remain in 20 synchronisation with the clock information pulses 102-104 in
the      digital signal 101, substantially unaffected by the instability in
the edge detector 10.            The state corrector 20 also includes a
counter (not shown)      that counts the number of states between the
occurrence of 25 subsequent edge detect pulses, e.g. between 112 and 113,
114      and 115 and between 116 and 117. When the current state of
the 2-bit Grey code state sequencer 15 is not one of the non-
resetable states 11 and 10; and one of the edge detect pulses      112-117
is received; and the counter value is greater than four; 30 and the current
state is the 00 state, then the state corrector 20 



produces the reset signal indicating the reset state 00. This      causes
the 2-bit Grey code state sequencer 15 to transition 310      to the reset
state 00 on the occurrence of the next clock pulse of      the clock signal
121. When the current state of the 2-bit Grey 35 code state sequencer 15 is
not one of the non-resetable states 11      and 10; and one of the edge
detect pulses 112-117 is received;
-6-       and the counter value is less than four; and the current state is
the 00 state, then the state corrector 20 produces the reset signal
indicating the reset state 11. This causes the 2-bit Grey code      state
sequencer 15 to transition 312 to the 11 state on the  5   occurrence of
the next clock pulse of the clock signal 121.            In operation, when
the rising edge 102A in the data input      signal 101 occurs during the
clock pulse 121A of the clock signal      121, the edge detector 10 detects
the rising edge 102A and      produces the edge detect pulse 112 having a
predetermined 10   duration. The state corrector 20 determines that the
current state      11(141A) is a non-resetable state, and consequently, the
2-bit      Grey code state sequencer 15 is not reset by the state corrector
20. Instead, with the occurrence of the clock pulse 121A, the 2-      bit
Grey code state sequencer 15 transitions from the current 15   state
11(141A) to the next state 10(141B) in the sequence of      states. As the
recovered output signal 131 is determined by the      second bit of the
sequential states, and the second bit changes      from 1 to 0, the falling
edge 131A is produced.            When the clock pulses 121B and 121C occur
the 2-bit Grey 20   code state sequencer 15 transitions from the state
10(141B) to      the state 00(141C), and then from the state 01(141C) to
the state      11(141D), because an edge detect pulse is not detected. As
the      second bit changes from 0 to 1 on the occurrence of the clock
pulse 121C, the rising edge 131B is produced in the recovered 25   clock
signal 131.            A falling edge 102B occurs during the clock pulse
121D and      because of instability of the edge detector 10, the edge
detect      pulse 113 is received by the state corrector 20. The
instability 



causes the edge detect pulse 113 to occur earlier i.e. during the 30
clock pulse 121D instead of occurring as a later edge detect pulse      118
during the clock pulse 121E. However, the state corrector 20
determines that the counter value is four and that the current      state
11(141E) is one of the non-resetable states, and      consequently, the
state corrector 20 does not provided either of 35  the reset states to the
2-bit Grey code state sequencer 15. This      allows the 2-bit Grey code
state sequencer 15 to transition from
-7-       the state 11(141E) to the next state 10 (141F) in the state
sequence, unaffected by the early occurrence of the edge detect      pulse
113. Consequently, the falling edge 131C in the recovered      clock signal
131 is produced to coincide with the falling edge  5   102B, thus, ensuring
the clock information pulse 102 is properly      recovered.            As
explained above, instability in the edge detector 15 can      cause the
edge detector pulse 118 to occur at an earlier time than      it should.
Such edge detect pulses 118 can erroneously set the 2- 10  bit Grey code
state sequencer 15 to another state instead of      continuing to the next
state in the sequence of states. The state      corrector 20 advantageously
inhibits the edge detector 10 from      resetting the 2-bit Grey code state
sequencer 15, except when      the clock pulses 102-104 in the digital
signal 101 are not 15  synchronised with the generation of the recovered
clock signal      131.            The description that follows details
corrective action in the      clock recovery circuit 5 to maintain
synchronisation between the      clock pulses 102-104 in the digital signal
101 and the recovered 20   clock signal 131 when the clock pulses 102-104
in the digital      signal 101 are not synchronised with the generation of
the      recovered clock signal 131.            There are two conditions
when the corrective action is      required. A first condition occurs when
the time between 25  subsequent edge detect pulses 112-117 is longer than
expected,      i.e. greater than four clock pulses of the clock signal 121.
This 



occurs when the timing of the recovered clock signal is ahead of      that
of the clock pulses 102-104 in the digital signal 101. A      second
condition occurs when the time between subsequent edge 30   detect pulses
112-117 is less than expected i.e. less than four      clock pulses of the
clock signal 121. This occurs when the timing      of the recovered clock
signal is behind that of the clock pulses      102-104 in the digital
signal 101.            With further reference to FIGS. 1-3, the rising edge
103A 35   occurs during the clock pulse 121J, and the edge detector 10
produces the edge detect pulse 114. The counter in the state
-8-       corrector 20 starts counting from 1 for the clock pulse 121J, and
the 2-bit Grey code sequencer 15 transitions from the state      10(141J)
to the state 00(141K), which causes the recovered      signal 131 to remain
at the logic low or "0" level. As clock pulses  5   121K,L,M and N occur
the 2-bit Grey code sequencer 15      transitions through the sequence of
states i.e. the state 01(141L),      the state 11(141M), the state
10(141N), and the state 00(1410).            When the falling edge 103B
occurs during the clock pulse      1210, the edge detect pulse 115 is
produced by the edge detector 10   10. In response to receiving the edge
detect pulse 115, the state      corrector 20 determines the counter value
and whether the      current state of the 2-bit Grey code sequencer 15 is a
non-      resetable state.      The state corrector 20 determines that the
counter value is 5 as 5 15  clock pulse 121J,K,L,M and N have occurred
since the last edge      detect pulse 114 occurred, and there have been 5
state      transitions from the state 141K-1410. In addition, the current
state 1410 is 00 which means the 2-bit Grey code sequencer 15      can be
reset. The state corrector 20 then compares the counter 20   value 5 with
the number four, and as the counter value is greater      than four, the
state corrector 20 produces the reset signal      indicating the reset
state 00.            The 2-bit Grey code sequencer 15 receives the reset
state      00 and on the occurrence of the clock pulse 1210, the 2-bit Grey



25   code sequencer 15 transitions 310 from the state 00(1410) to the
reset state 00(141P). And on the occurrence of the next clock      pulse
121P, the 2-bit Grey code sequencer 15 transitions 311 to      the state
01(141Q). As can be seen in FIG. 3 the transition 310      from the state
00 to the reset state 00 shifts the state sequence 30   of the 2-bit Grey
code sequencer 15, slowing it down. As the      recovered clock signal 131
was ahead of the clock pulses 102-      104 in the digital signal 101, the
slowing down of the state      sequence of the 2-bit Grey code sequencer 15
improves the      synchronisation between the recovered clock signal 131
and the 35   clock pulses 102-104 in the digital signal 101.
-9-             Again with reference to FIGS. 1-3, the rising edge 104A
occurs during the clock pulse 121T, and the edge detector 10      produces
the edge detect pulse 116. The counter in the state      corrector 20
starts counting from 1 for the clock pulse 121T, and  5  the 2-bit Grey
code sequencer 15 is in the state 01(141U). As      clock pulses 121U and V
occur, the 2-bit Grey code sequencer 15      transitions through the state
11(141V) and the state 10(141W).            When the falling edge 104B
occurs during the clock pulse      121X, the edge detect pulse 117 is
produced by the edge detector 10   10. In response to receiving the edge
detect pulse 117, the state      corrector 20 determines the counter value
and whether the      current state of the 2-bit Grey code sequencer 15 is a
non-      resetable state.      The state corrector 20 determines that the
counter value is 3 as 15  clock pulses 121U,V and W  have occurred since
the last edge      detect pulse 116 occurred, and there have been 3 state
transitions from the state 141V to 141X. In addition, the current
state 141X is 00 which means the 2-bit Grey code sequencer 15      can be
reset. The state corrector 20 then compares the counter 20   value 3 with
the number four, and as the counter value is less      than four, the state
corrector 20 produces the reset signal      indicating the reset state 11.
The 2-bit Grey code sequencer 15 receives the reset state 



11 and on the occurrence of the clock pulse 121X, the 2-bit Grey 25   code
sequencer 15 transitions 312 from the state 00(141X) to the      state
11(141Y). And on the occurrence of the next clock pulse      121Y, the
2-bit Grey code sequencer 15 transitions 313 to the      state 10(141Z). As
can be seen in FIG. 3 the transition 312 from      the state 00 to the
reset state 11 shifts the state sequence of the 30   2-bit Grey code
sequencer 15, speeding it up. As the recovered      clock signal 131 was
behind the clock pulses 102-104 in the      digital signal 101, the
speeding up of the state sequence of the 2-      bit Grey code sequencer 15
improves the synchronisation      between the recovered clock signal 131
and the clock pulses 35   102-104 in the digital signal 101.
- 10 -             Hence, the present invention advantageously improves the
recovery of the clock pulses 102-104 in the digital signal 101.      This
is accomplished by inhibiting resetting of the 2-bit Grey      code
sequencer 15 during selected states to prevent erroneous  5  resetting by
edge detect pulses 112-117 caused by instability in      the edge detector
10. In addition, the 2-bit Grey code sequencer      15 is reset to selected
states dependent on various parameters to      improve the synchronisation
between the clock pulses 102-104      in the digital signal 101 and the
recovered clock signal. 10         Hence, the present invention therefore
provides a clock      recovery circuit which overcomes, or at least reduces
the above-      mentioned problems of the prior art.            It will be
appreciated that although only one particular      embodiment of the
invention has been described in detail, 15  various modifications and
improvements can be made by a      person skilled in the art without
departing from the scope of the      present invention.      



Claims        1.   A clock recovery circuit comprising:                  a
clock information edge detector comprising:  5                    a digital
signal input; and                        an edge detect signal output;
a state sequencer comprising:                        a clock signal input;
a current state signal output; 10                    a state reset signal
input; and                        a recovered clock information signal
output; and                  a state corrector comprising:
an edge detect signal input coupled to the edge      detect signal output
of the clock information edge detector; 15                    a current
state signal input coupled to the      current state signal output of the
state sequencer; and                        a state reset signal output
coupled to the state      reset signal input of the state sequencer.  20
2.   A clock recovery circuit in accordance with claim 1      wherein:
the clock information edge detector comprises a clock      information edge
detector means for receiving a digital signal      which includes clock
information and for providing a detect 25   signal indicative of detection
of clock information edges in the      digital signal;            the state
sequencer comprises a state sequencer means for      receiving a clock
signal having a frequency that is greater than      that of the digital
input signal by a factor N, for stepping through 30   a predetermined
sequence of N states in accordance with the      clock signal, for
providing a current state signal indicating a      current state, for
receiving a state reset signal indicating a reset      state, and for
providing a recovered clock information signal in      accordance with at
least part of the current state signal; and 35         the state corrector
comprises a state corrector means for      receiving the detect signal and
the current state signal, for    



- 12 -       determining whether the current state is one of a plurality of
predetermined resettable states, for providing the state reset      signal,
wherein the state corrector means includes a state counter      means for
counting the number of states between subsequent  5 clock information
edges,                  and when at least one clock information edge is
detected and the current state is one of the plurality of
predetermined resettable states, the state corrector means being
adapted to provide the state reset signal indicating: 10
an earlier state than the current state when the      state counter means
value is greater than N; and                        a later state than the
current state when the      state counter means value is less than N.  15
3.   A clock recovery circuit comprising:            an edge detector means
having an input for receiving a      digital signal which includes clock
information edges and an      output for providing a detect signal
indicative of detection of the 20   clock information edges in the digital
signal;            a state sequencer means having a first input for
receiving a      clock signal having a frequency that is greater than that
of the      digital signal by a factor N, for stepping through a
predetermined      sequence of N states in accordance with the clock
signal, the state 25   sequencer means having a first output for providing
a current      state signal indicating a current state, a second input for
receiving a state reset signal indicating a reset state, and a      second
output for providing a recovered clock information signal      in
accordance with at least part of the current state signal; and 30         a
state corrector means having a first input coupled to the      output of
the edge detector means for receiving the edge detect      signal, a second
input coupled to the first output of the state      sequencer means to
receive the current state signal, the state      corrector means for
determining whether the current state is one 35   of a plurality of
predetermined resettable states, and a second      output coupled to the
second input of the state sequencer means  



- 13 -       to provide the state reset signal, wherein the state corrector
means includes a state counter means for counting the number of      states
between subsequent clock information edges,                  and when at
least one clock information edge is  5 detected and the current state is
one of the plurality of      predetermined resettable states, the state
corrector means being      adapted to provide the state reset signal
indicating:                        an earlier state than the current state
when the      state counter means value is greater than N; and 10
a later state than the current state when the      state counter means
value is less than N.       4.   A clock recovery circuit according to
claim 3, wherein state      corrector means is adapted to provide the state
reset signal 15  indicating the current state when the state counter means
value      is greater than N.       5.   A clock recovery circuit according
to claim 3, wherein the      current state is at least one of the N states.
20      6.   A clock recovery circuit according to claim 3, wherein the
reset state is at least one of the N states.       7.   A clock recovery
circuit according to claim 3, wherein the 25   earlier state is at least
one of the N states.       8.   A clock recovery circuit according to claim
3, wherein the      later state is at least one of the N states.  30   9.
A clock recovery circuit according to claim 3, wherein the      plurality
of predetermined resettable states comprises selected      states of the N
states.       10. A clock recovery circuit according to claim 3, wherein
the 35   plurality of predetermined resettable states comprises selected 



combinations of states of the N states.
-  1 4  -        11.  A clock recovery circuit according to claim 3,
wherein the      number N is 4 and the state sequencer means has 4 states.
5   12.  A clock recovery circuit according to claim 3, wherein the
state sequencer means comprises a Grey code state sequencer.       13.  A
clock recovery circuit according to claim 3, wherein the      corrector
means comprises a memory means for storing the 10   plurality of
predetermined resettable states.       1 4  A method for recovering a clock
signal comprising the steps      of:            a)   receiving a clock
signal and a digital signal which 15  includes clock information edges,
wherein the clock signal has an      integral multiple N higher frequency
than that of the digital      signal;            b)   stepping through a
predetermined sequence of N      states in accordance with the clock
signal; 20         c)   providing a current state signal indicating a
current      state;            d)   detecting a clock information edge in
the digital      signal;            e)   counting the number of states
since the detection of 25   the last clock information edge;            f)
determining whether the current state is one of a      plurality of
predetermined allowable states;            g)   comparing the number of
states counted with N;            h)    resetting a state sequencer to an
earlier state than 30   the current state when the number of states counted
is greater      than N;            i)   resetting the state sequencer to a
later state than the      current state when the number of states counted
is less than N; 



and 35        j)    generating a recovered clock information signal in
accordance with at least part of the current state signal.
- 15 -         15. A method according to claim 14, wherein step (h)
comprises the step of resetting the state sequencer to the current
state when the number of states counted is greater than N.  5      1 6  A
method according to claim  14, wherein stepping through      the      reset
state comprises the step of stepping through at least one of      the N
states. 10      17. A method according to claim 14, wherein stepping
through      the      earlier state comprises the step of stepping through
at least one      of the N states. 15      18. A method according to claim
14, wherein stepping through      the      later state comprises the step
of stepping through at least one of      the N states. 20      19. A method
according to claim 14 wherein step (c) comprises      the step of stepping
from the current state to the next sequential      state of the N states
when the at least one of the clock      information edges is detected by
the edge detector.    


