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(57) ABSTRACT

An embodiment of the invention comprises a digital phase
detector with substantially zero phase offset. The digital
phase detector receives a clock signal and a reference clock
signal and provides a phase indicator signal to identify
whether the clock signal leads or lags the reference clock
signal. An embodiment of the invention comprises a method
that adds substantially zero phase offset in processing an
input clock signal and a delayed clock signal to generate a
control signal. The control signal is processed in a variable
delay line to generate the delayed clock signal. In an embodi-
ment, a first processor comprises a delay locked loop having
a digital phase detector, the digital phase detector comprising
a first differential sense amplifier cross-coupled to a second
differential sense amplifier, the digital phase detector receiv-
ing a clock signal and generating one or more delayed clock

23,2011. signals, a control signal, and a gated data signal.
1005
APPARATUS
C 102
DIGITAL PHASE
DETECTOR

REFERENCE CLOCK SIGNAL [ — 104
<110

CLOCK SIGNAL 31/06

112>

108|: PHASE INDICATOR
(1 14




Patent Application Publication Jun. §5,2014 Sheet1 of 13 US 2014/0153682 A1

100,
APPARATUS
(102
DIGITAL PHASE
DETECTOR
REFERENCE CLOCK SIGNAL :Kl/04 1Qﬂ: PHASE INDICATOR
<110 Ci14

CLOCK SIGNAL — 106
112’

FIG. 1



Patent Application Publication

Jun. 5,2014 Sheet 2 of 13 US 2014/0153682 Al

216~

| | <110
REFERENCE CLOCK SIGNAL

PHASE INDICATOR SIGNAL = LOGICAL 1

TIMING DIAGRAM
AT eAD
™
1
ol
11
1
7| L] L™
218
1147

CLOCK SIGNAL

FIG. 2



Patent Application Publication Jun. §,2014 Sheet 3 of 13 US 2014/0153682 A1

322y

TIMING DIAGRAM

110
| ( REFERENCE CLOCK SIGNAL

'2 | | <112 CLOCK SIGNAL
324

PHASE INDICATOR SIGNAL = LOGICAL 0

FIG. 3



Patent Application Publication Jun. §5,2014 Sheet 4 of 13 US 2014/0153682 A1

430)

PHASE OFFSET

VOLTAGE

114
D

» TIME

FIG. 4

530>

PHASE OFFSET

VOLTAGE

114)

» TIME

FIG.5



Patent Application Publication Jun. §5,2014 Sheet 5 of 13 US 2014/0153682 A1

A02-1
DIGITAL PHASE DETECTOR
REFERENGCE (634
CLOCK 104 FIRST DIGITAL SYSTEM
SIGNAL il
C110 — |
642 656
632
C
PHASE
INDICATOR
CROSS COUPLING UNIT SIGNAL
635 10§ i14
SECOND DIGITAL SYSTEM
CLOCK %8
SIGNAL — F
( 112 %l 640
106

FIG. 6



Patent Application Publication Jun. §,2014 Sheet 6 of 13 US 2014/0153682 A1

1022
DIGITAL PHASE DETECTOR
REFERENCE (634
CLOCK FIRST DIGITAL SYSTEM
104
SIGNAL § 744
o —_| FIRST
%l DIFFERENTIAL
642 | SENSE AMPLIFIER | g36
632
C
PHASE
INDICATOR
CROSS COUPLING UNIT SIGNAL

(635 15 i14

SECOND DIGITAL SYSTEM

CLOCK %8 SECOND
SIGNAL _

746 DIFFERENTIAL
¢ 112 ;I \ SENSE AMPLIFIER | g10
106

FIG.7



Patent Application Publication Jun. §5,2014 Sheet 7 of 13 US 2014/0153682 A1

102-3
C

DIGITAL PHASE DETECTOR

' FIRST DIGITAL SENSE AMPLIFIER

—o||:-'I CLK—olé T:I |:T I:llo—cug'jlo—
I '

ouT1B

OuUT1

t
b o o o o o o o o o o e e e e o = - -

]
]
]
]
]
]
]
]
]
'
]
]
]
'
]
: REF — — CLK
'
]
]
]
]
]
]
]
]
]
]

FIG. 8



Patent Application Publication Jun. §,2014 Sheet 8 0of 13 US 2014/0153682 A1

102-4
DIGITAL PHASE DETECTOR
94

:’ FIRST DIGITAL SENSE AMPLIFIER |
! i
! —o||:T CLK—OIE-,; =S éID—CLK ﬁlo— i
i T 7 ' !
| y, Sm— ]
I OUT1 = ouTis E
| — !
i REF — —REFB i
I = [ :
- !
| CLK —||f‘li :

]
l !
! 1
! 1
! 1
I I ]!

FIG. 9



Patent Application Publication Jun. §5,2014 Sheet 9 of 13 US 2014/0153682 A1

1000
C
DELAY LOCKED LOOP
0 90 180 270 360

DEG‘REES DEGREES DEGREES DEGREES DEC-‘}REES
1006

CLOCK

SIGNAL VARIABLE DELAY LINE

A

COUNTER SIGNAL

1004
\ COUNTER
F ¥ Y
up DOWN
DIGITAL PHASE
DETECTOR
R
REF CLK

FIG. 10



Patent Application Publication Jun. 5, 2014 Sheet 10 of 13 US 2014/0153682 A1

1102
C
PROCESSOR A
~| FREQUENCY
1110| SYNTHESIZER
RX_DATA CLKIN
~ DELAY LOCKED
1104 LOOP
LATCH J114
270 180 90 0 1X DATA
L L_ |
1124 — | [ 1126
20 L\ 122 v\/ \/O
CLK_B2A DATA_B2A CLK_A2B DATA_A2B
1106
C
PROCESSOR B

A AT

J LA TX_DATA

1154
Y LATCH

—

270 180 90 O

DELAY LOCKED |1108 RX_DATA
W

LOOP

CLK IN

FREQUENCY | 1150
SYNTHESIZER M

FIG. 11



Patent Application Publication Jun. 5, 2014 Sheet 11 of 13 US 2014/0153682 A1

1200
START }1201 D

ADD SUBSTANTIALLY ZERO PHASE OFFSET
IN PROCESSING THE INPUT CLOCK SIGNAL
AND THE DELAYED CLOCK SIGNAL TO
GENERATE A CONTROL SIGNAL

:

PROCESS THE CONTROL SIGNAL IN A
VARIABLE DELAY LINE TO GENERATE THE
DELAYED CLOCK SIGNAL

RETURN 1299

FIG. 12

1205

1210



Patent Application Publication Jun. 5, 2014 Sheet 12 of 13 US 2014/0153682 A1

1300)

COMMUNICATION SYSTEM

1302
C
FIRST PROCESSOR
13063
DELAY LOCKED LOOP
1308
DIGITAL PHASE DELAYED
CLOCK DETECTOR 1310 CLOCK SIGNAL
SIGNAL

FIRST DIFFERENTIAL
AMPLIFIER CROSS
COUPLED TO SECOND
DIFFERENTIAL AMPLIFIER

(1304

SECOND PROCESSOR

CONTROL
SIGNAL

GATED DATA
SIGNAL

FIG. 13



Patent Application Publication Jun. 5,2014 Sheet 13 of 13

1412>

US 2014/0153682 Al

1414
C

COMMUNICATION SYSTEM

MOBILE COMMUNICATION SYSTEM

1402)

SECOND PROCESSOR

CONTROL GATED DATA
SIGNAL SIGNAL
1416>
CELL STATION
1418
D
FIRST PROCESSOR  ,,,9

FIRST DIFFERENTIAL
AMPLIFIER CROSS

COUPLED TO SECOND
DIFFERENTIAL AMPLIFIER

FIG. 14



US 2014/0153682 Al

DIGITAL PHASE DETECTOR WITH ZERO
PHASE OFFSET

[0001] This application is a divisional application of Ser.
No. 13/242,053 filed Sep. 23, 2011.

FIELD

[0002] Anembodiment of the invention generally relates to
electronic circuits and more particularly to a digital phase
detector with zero phase offset.

BACKGROUND

[0003] Phase detection is used in Delay-Locked Loop
(DLL) and Phase-Locked Loop (PLL) circuits. A DLL circuit
compares a phase of one of the outputs of the DLL circuit to
an input clock, in order to generate an error signal, which is
then integrated and fed back as the control to the delay ele-
ments. A PLL circuit compares the phase of an oscillator with
anincoming signal, in order to generate an error signal, which
is then integrated to create a control signal for the oscillator.

SUMMARY

[0004] Anembodiment ofthe invention comprises an appa-
ratus comprising a digital phase detector that has substan-
tially zero phase offset. The digital phase detector is to receive
a clock signal and a reference clock signal and to provide a
phase indicator signal to identify whether the clock signal
leads or lags the reference clock signal. An embodiment of the
invention comprises a method to synchronize a delayed clock
signal to an input clock signal. The method comprises adding
substantially zero phase offset in processing the input clock
signal and the delayed clock signal to generate a control
signal. The control signal is processed in a variable delay line
to generate the delayed clock signal. An embodiment of the
invention comprises a communication system. The commu-
nication system comprises a first processor and a second
processor coupled to the first processor. The first processor
comprises a delay locked loop having a digital phase detector,
the digital phase detector comprising a first differential sense
amplifier cross-coupled to a second differential sense ampli-
fier, the digital phase detector to receive a clock signal and to
generate one or more delayed clock signals, a control signal,
and a gated data signal. The second processor is to receive the
control signal and the gated data signal.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0005] FIG. 1 depicts a block diagram of an apparatus
comprising a digital phase detector, according to an embodi-
ment of the invention.

[0006] FIG. 2 depicts an example timing diagram for the
apparatus, comprising exemplary waveforms for a reference
clock signal, a clock signal, and a phase indicator signal,
according to an embodiment of the invention.

[0007] FIG. 3 depicts an example timing diagram for the
apparatus, comprising exemplary waveforms for a reference
clock signal, a clock signal, and a phase indicator signal,
according to an embodiment of the invention.

[0008] FIG. 4 depicts an example phase offset timing dia-
gram, according to an embodiment of the invention.

[0009] FIG. 5 depicts an example phase offset timing dia-
gram, according to an embodiment of the invention.
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[0010] FIG. 6 depicts a block diagram of a digital phase
detector, according to an embodiment of the invention.
[0011] FIG. 7 depicts a block diagram of a digital phase
detector, according to an embodiment of the invention.
[0012] FIG. 8 depicts a schematic diagram of a digital
phase detector comprising two cross-coupled differential
sense amplifiers, according to an embodiment of the inven-
tion.

[0013] FIG. 9 depicts a schematic diagram of a digital
phase detector comprising two cross-coupled differential
sense amplifiers, according to an embodiment of the inven-
tion.

[0014] FIG. 10 depicts a circuit diagram of an exemplary
delay locked loop comprising a digital phase detector, accord-
ing to an embodiment of the invention.

[0015] FIG. 11 depicts ablock diagram of a communication
system coupling a processor comprising a delay locked loop
to a processor comprising a delay locked loop, according to
an embodiment of the invention.

[0016] FIG. 12 depicts a flowchart of an example method to
synchronize a delayed clock signal to an input clock signal,
according to an embodiment of the invention.

[0017] FIG.13 depicts ablock diagram of a communication
system, according to an embodiment of the invention.
[0018] FIG. 14 depicts ablock diagram of a communication
system, according to an embodiment of the invention.
[0019] It is to be noted, however, that the appended draw-
ings illustrate only example embodiments of the invention,
and are therefore not considered a limitation of the scope of
other embodiments of the invention.

DETAILED DESCRIPTION

[0020] Referring to the Drawings, wherein like numbers
denote like parts throughout the several views, F1G. 1 depicts
a block diagram of an apparatus 100 comprising a digital
phase detector 102, according to an embodiment of the inven-
tion. The digital phase detector 102 comprises a reference
clock signal port 104, a clock signal port 106, and a phase
indicator signal port 108.

[0021] Inoperation, the digital phase detector 102 receives
a reference clock signal 110 at the reference clock signal port
104, a clock signal 112 at the clock signal port 106, and
provides a phase indicator signal 114 at the phase indicator
signal port 108. In some embodiments, the reference clock
signal 110, the clock signal 112, and the phase indicator
signal 114 are digital signals taking on the logical values of
zero or one. In some embodiments, the clock signal 112 and
the reference clock signal 110 are substantially periodic sig-
nals of substantially the same frequency. The phase indicator
signal 114 indicates whether the clock signal 112 leads or lags
the reference clock signal 110. The clock signal 112 leads the
reference clock signal 110 when the leading edge of the clock
signal 112 occurs at a time before the leading edge of the
reference clock signal 110. The clock signal 112 lags the
reference clock signal 110 when the leading edge of the clock
signal 112 occurs at a time after the leading edge of the
reference clock signal 110. In some embodiments, the phase
indicator signal 114 has a logical value of one when the clock
signal 112 leads the reference clock signal 110 and a logical
value of zero when the clock signal 112 lags the reference
clock signal 110.

[0022] FIG. 2 depicts an example timing diagram 216 for
the apparatus 100, shown in FIG. 1, comprising exemplary
waveforms for the reference clock signal 110, the clock signal
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112, and the phase indicator signal 114, according to an
embodiment of the invention, with each waveform having
time on a horizontal axis and voltage on a vertical axis. As can
be seen in FIG. 2, a leading edge 218 of the clock signal 112
leads a leading edge 220 of the reference clock signal 110 by
atimeofdeltaT, . ,,. Inthis embodiment, the phase indicator
signal 114 has a logical value of one to indicate that the clock
signal 112 leads the reference clock signal 110. Those skilled
in the art will appreciate that the phase indicator signal 114 is
not limited to being latched. Thus, in some embodiments, the
phase indicator signal 114 is an unlatched pulse. In some
embodiments, the phase indicator signal 114 is latched, as
shown in FIG. 2.

[0023] FIG. 3 depicts an example timing diagram 322
including exemplary waveforms for the reference clock sig-
nal 110, the clock signal 112, and the phase indicator signal
114, according to an embodiment of the invention, with each
waveform having time on a horizontal axis and voltage on a
vertical axis. As can be seen in FIG. 3, a leading edge 324 of
the clock signal 112 lags a leading edge 326 of the reference
clock signal 110 by a time of delta T .. In this embodiment,
the phase indicator signal 114 has a logical value of 0 to
indicate that the clock signal 112 lags the reference clock
signal 110. Those skilled in the art will appreciate that the
phase indicator signal 114 is not limited to being latched.
Thus, in some embodiments, the phase indicator signal 114 is
an unlatched pulse. And in some embodiments, the phase
indicator signal 114 is latched, as shown in FIG. 3.

[0024] The phase indicator signal 114 provided at the phase
indicator signal port 108 (FIG. 1) has substantially or essen-
tially zero phase offset, which is illustrated as further
described below with reference to the phase offset timing
diagrams of FIGS. 4 and 5. In various embodiments, the phase
offset of the phase indicator signal 114 is zero or is suffi-
ciently close to zero, so that any difference from zero does not
affect operation of the circuit that receives the phase indicator
signal 114. In an embodiment, the phase indicator signal 114
has substantially or essentially zero phase offset when the
phase offset is less than 0.1 ps (picoseconds). In an embodi-
ment, the phase indicator signal 114 has substantially or
essentially zero phase offset when any difterence from zero is
caused by transistor variability or mismatch (i.e., transistors
that are specified to be the same size, but actually have dif-
ferent sizes due to manufacturing tolerances) instead of being
caused by the circuit design.

[0025] FIG. 4 depicts a phase offset timing diagram 430,
according to an embodiment of the invention, which shows a
substantially zero phase offset in the phase indicator signal
114 generated as the clock signal 112 (FIGS. 2 and 3) transi-
tions from leading to lagging the reference clock signal 110.
[0026] FIG. 5 depicts a phase offset timing diagram 530,
according to an embodiment of the invention, which depicts a
substantially zero phase offset in the phase indicator signal
114 as the clock signal 112 (FIGS. 2 and 3) transitions from
lagging to leading the reference clock signal 110.

[0027] The reference clock signal 110 is not limited to a
particular type of signal or signaling method. In some
embodiments, the reference clock signal 110 is a single ended
reference clock signal suitable for use in single ended signal-
ing. Single ended signaling is a method of electrically trans-
mitting information by means of a signal on a single wire
referenced to ground. In some embodiments, the reference
clock signal 110 is a differential reference clock signal suit-
able for use in differential signaling. Differential signaling is
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amethod of electrically transmitting information by means of
two complementary signals sent on two separate wires.
[0028] The clock signal 112 is also not limited to a particu-
lar type of signal or signaling method. In some embodiments,
the clock signal 112 is a single ended clock signal suitable for
use in single ended signaling. In some embodiments, the
clock signal 112 is a differential clock signal suitable for use
in differential signaling.

[0029] FIG. 6 depicts a block diagram of a digital phase
detector 102-1 comprising a cross-coupling unit 632 that
cross-couples and connects a first digital system 634 to a
second digital system 635. The digital phase detector 102-1 is
an example of, and is generically referred to by, the digital
phase detector 102 (FIG. 1). Referring again to FIG. 6, the
cross-coupling unit 632 couples and connects one or more
output signals at one or more output ports 636 of the first
digital system 634 to one or more input ports 638 of the
second digital system 635. The cross-coupling unit 632 also
couples and connects one or more output signals ofthe second
digital system 635 at one or more output ports 640 to one or
more input ports 642 of the first digital system 634. In some
embodiments, the cross-coupling unit 632 comprises conduc-
tors to couple signals from the first digital system 634 to the
second digital system 635 and signals from the second digital
system 635 to the first digital system 634.

[0030] In operation, the digital phase detector 102-1, as
shown in FIG. 6, receives a reference clock signal 110 at the
reference clock signal port 104, a clock signal 112 at the clock
signal port 106, and provides a phase indicator signal 114 at
the phase indicator signal port 108. In some embodiments, the
reference clock signal 110, the clock signal 112, and the phase
indicator signal 114 are digital signals taking on the logical
values of zero or one. In some embodiments, the clock signal
112 and the reference clock signal 110 are substantially peri-
odic signals of substantially the same frequency.

[0031] Thephaseindicator signal 114 indicates whether the
clock signal 112 leads or lags the reference clock signal 110.
The clock signal 112 leads the reference clock signal 110
when the leading edge of the clock signal 112 occurs at a time
before the leading edge of the reference clock signal 110. The
clock signal 112 lags the reference clock signal 110 when the
leading edge of the clock signal 112 occurs at a time after the
leading edge of the reference clock signal 110. In some
embodiments, the phase indicator signal 114 assumes a logi-
cal value of one when the clock signal 112 leads the reference
clock signal 110 and a logical value of zero when the clock
signal 112 lags the reference clock signal 110. The digital
phase detector 102-1 operates to provide the phase indicator
signal 114 having substantially zero phase offset as described
above with respect to FIGS. 1,2, 3, 4, and 5.

[0032] FIG. 7 depicts a block diagram of a digital phase
detector 102-2, according to an embodiment of the invention.
The digital phase detector 102-2 is an example of, and is
generically referred to by, the digital phase detector 102 (FIG.
1). Referring again to FIG. 7, a digital phase detector 102-2
comprises a first digital system 634, a second digital system
635, and a cross-coupling unit 632. The first digital system
634 comprises a first differential sense amplifier 744, and the
second digital system 635 comprises a second differential
sense amplifier 746. The cross-coupling unit 632 couples one
or more output signals at one or more output ports 636 of the
first digital system 634 to one or more input ports 638 of the
second digital system 635. The cross-coupling unit 632 also
couples one or more output signals of the second digital
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system 635 at one or more output ports 640 to one or more
input ports 642 of the first digital system 634. In some
embodiments, the cross-coupling unit 632 comprises conduc-
tors to couple signals from the first digital system 634 to the
second digital system 635 and signals from the second digital
system 635 to the first digital system 634.

[0033] In operation, the digital phase detector 102-2, as
depicted in FIG. 7, receives a reference clock signal 110 at the
reference clock signal port 104, a clock signal 112 at the clock
signal port 106, and provides a phase indicator signal 114 at
the phase indicator signal port 108. In some embodiments, the
reference clock signal 110, the clock signal 112, and the phase
indicator signal 114 are digital signals taking on the logical
values of zero or one. In some embodiments, the clock signal
112 and the reference clock signal 110 are substantially peri-
odic signals of substantially the same frequency. The phase
indicator signal 114 indicates whether the clock signal 112
leads or lags the reference clock signal 110.

[0034] The clock signal 112 leads the reference clock sig-
nal 110 when the leading edge of the clock signal 112 occurs
at a time before the leading edge of the reference clock signal
110. The clock signal 112 lags the reference clock signal 110
when the leading edge of the clock signal 112 occurs at a time
after the leading edge of the reference clock signal 110. In
some embodiments, the phase indicator signal 114 assumes a
logical value of one when the clock signal 112 leads the
reference clock signal 110 and a logical value of zero when
the clock signal 112 lags the reference clock signal 110. The
digital phase detector 102-2 operates to provide the phase
indicator signal 114 having substantially zero phase offset as
described above with respect to FIGS. 1, 2, 3, 4, and 5.
[0035] FIG. 8 depicts a schematic diagram of a digital
phase detector 102-3 comprising two cross-coupled differen-
tial sense amplifiers 844 and 846, according to an embodi-
ment of the invention. The outputs of the differential sense
amplifier 844 are connected to the inputs of the differential
sense amplifier 846, and the outputs of the differential sense
amplifier 846 are connected to the inputs of the differential
sense amplifier 844. The digital phase detector 102-3 is an
example of, and is generically referred to by, the digital phase
detector 102 (FIG. 1). Referring again to FIG. 8 the CLK
signal is a single ended signal equivalent to the clock signal
112 shown in FIG. 1, and the REF signal shown in FIG. 8 is
equivalent to the reference clock signal 110 shown in FIG. 1.
The signals OUT1 and OUT1B are equivalent to the phase
indicator signal 114 shown in FIG. 1. Those skilled in the art
will appreciate that OUT1 and OUT1B may drive a set-reset
latch to form a latched signal indicating whether the CLK
signal leads or lags the REF signal. The OUT2 and OUT2B
signals provide a complementary signal to the phase indicator
signal 114 generated at a set-reset latch controlled by the
OUT1 and OUT1B signals. In an embodiment, the first dif-
ferential sense amplifier 844 and the second differential sense
amplifier 846 may implement the first differential sense
amplifier 744 and the second differential sense amplifier 746
(FIG. 7), respectively.

[0036] FIG. 9 depicts a schematic diagram of a digital
phase detector 102-4 comprising two cross-coupled differen-
tial sense amplifiers 944 and 946, according to an embodi-
ment of the invention. The outputs of the differential sense
amplifier 944 are connected to the inputs of the differential
sense amplifier 946, and the outputs of the differential sense
amplifier 946 are connected to the inputs of the differential
sense amplifier 944. The digital phase detector 102-4 is an
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example of, and is generically referred to by, the digital phase
detector 102 (FIG. 1). Referring again to FIG. 9, the CLK and
CLKB signals form a differential signal equivalent to the
clock signal 112 shown in FIG. 1, and the REF and REFB
signals form a differential signal equivalent to the reference
clock signal 110 shown in FIG. 1. The OUT1 and OUT1B
signals and the OUT2 and OUT2B signals are equivalent to
the signals having the same name in FIG. 8, as previously
described above. In an embodiment, the first differential
sense amplifier 944 and the second differential sense ampli-
fier 946 may implement the first differential sense amplifier
744 and the second differential sense amplifier 746 (FIG. 7),
respectively.

[0037] As shown in FIG. 8, the reference clock signal and
the clock signal received at the digital phase detector 102-3
are single ended signals. As shown in FIG. 9, the reference
clock signal and the clock signal received at the digital phase
detector 102-4 are differential signals.

[0038] FIG. 10 depicts a circuit diagram of an exemplary
delay locked loop 1000 comprising a digital phase detector
102, according to an embodiment of the invention. In addition
to the digital phase detector 102, the delay locked loop 1000
comprises a counter 1004 connected to the digital phase
detector 102 and a variable delay line 1006 connected to the
counter 1004 and the digital phase detector 102. In some
embodiments, the counter 1004 is an up-down counter that
counts up in response to an UP signal received from the digital
phase detector 102 and counts down in response to a DOWN
signal received from the digital phase detector 102. The UP
signal and the DOWN signal couple the digital phase detector
102 to the counter 1004. The counter signal couples the
counter to the variable delay line 1006. The O degree signal
and the 360 degree signal couple the variable delay line 1006
to the digital phase detector 102. In an embodiment, the
variable delay line 1006 is implemented as a digital delay line.
[0039] Inoperation, the variable delay line 1006 receives a
clock signal and a counter signal. The counter signal provides
count information to the variable delay line 1006. Count
information indicates how much or how often the clock signal
leads or lags the 360 degree clock signal. In some embodi-
ments, the count information is serial information provided
on a signal serial line. In some embodiments, the count infor-
mation is parallel information provided on one or more signal
lines. The count information is used by the variable delay line
1006 to determine a delay time for the clock signal, in pro-
portion to the count information. The variable delay line 1006
provides a 0 degree clock signal, a 90 degree clock signal, a
180 degree clock signal, a 270 degree clock signal and a 360
degree clock signal. The 0 degree clock signal is a represen-
tation of the clock signal delayed by about zero degrees. The
90 degree clock signal is a representation of the clock signal
delayed by about 90 degrees. The 180 degree clock signal is
a representation of the clock signal delayed by about 180
degrees. The 270 degree clock signal is a representation of the
clock signal delayed by about 270 degrees. The 360 degree
clock signal is a representation of the clock signal delayed by
about 360 degrees. The 0 degree clock signal and the 360
degree clock signal are provided to the digital phase detector
102 as the reference clock signal (REF) and the clock signal
(CLK), respectively.

[0040] The digital phase detector 102 processes the 360
degree clock signal and the 0 degree clock signal to provide an
UP count signal and a DOWN count signal to the counter
1004. In some embodiments, the digital phase detector 102
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provides an UP count signal when, or each time, the clock
signal lags the 360 clock signal and provides a DOWN count
signal when, or each time, the clock signal leads the 360 clock
signal. The counter signal controls the delay of the variable
delay line 1006 to provide the 0 degree clock signal, the 90
degree clock signal the 180 degree clock signal, the 270
degree clock signal, and the 360 degree clock signal. In an
embodiment, the UP and DOWN count signals are provided
by the phase indicator signal 114 (FIG. 1).

[0041] FIG. 11 depicts ablock diagram of a communication
system, according to an embodiment of the invention. The
communication system couples a processor A 1102, compris-
ing a delay locked loop 1104, to a processor B 1106, com-
prising a delay locked loop 1108. In an embodiment, the delay
locked loops 1104 and 1108 may be implemented via the
delay locked loop 1000, as previously described above with
reference to FIG. 10. The delay locked loop 1104 is driven by
a clock signal provided by a frequency synthesizer 1110. The
delay locked loop 1108 is driven by a clock signal provided by
the frequency synthesizer 1150. As shown in FIG. 11, the
delay locked loop 1104 couples the processor A 1102 to the
processor B 1106 by providing signals generated at the pro-
cessor A 1102, such as the CLK_A2B signal and the DATA_
A2B signal, to the processor B 1106. The delay locked loop
1108 couples the processor B 1106 to the processor A 1102 by
providing signals generated at the processor B 1106, such as
the CLK_B2A signal and the DATA_B2A signal, to the pro-
cessor A 1102.

[0042] Inoperation, the TX_DATA signal of the processor
A 1102 is gated by the 0 degree signal and the 180 degree
signal at the logic 1126 of the delay locked loop 1104 to the
processor B 1106. A CLK_A2B signal is formed from the 90
degree delay signal and the 270 degree delay signal and the
logic 1124 to provide latching of the DATA__A2B signal at the
processor B 1106. The CLK_A2B signal is further processed
by logic 1164 at the processor B 1106. The DATA_A2B
signal is further processed by logic 1166 at the processor B
1106. The RX_DATA signal is stored and provided as an
output signal at latch 1154.

[0043] In some embodiments, the TX_DATA signal of the
processor B 1106 is gated by the 0 degree signal and the 180
degree signal and logic 1162 of the delay locked loop 1108 to
the processor A 1102. A CLK_B2A signal is formed from the
90 degree delay signal and the 270 degree delay signal and
logic 1160 to provide latching of the DATA_B2A signal at the
processor A 1102. The CLK_B2A signal is further processed
by logic 1120 at the processor A 1102. The DATA_B2A
signal is further processed by logic 1122 at the processor A
1102. The RX_DATA is stored and provided as an output
signal at the latch 1114.

[0044] FIG. 12 depicts a flowchart of an example method
1200 to synchronize a delayed clock signal to an input clock
signal, according to an embodiment of the invention. Control
begins at block 1201. Control then continues to block 1205,
where the method 1200 comprises adding substantially zero
phase offset in processing the input clock signal and the
delayed clock signal to generate a control signal. Control then
continues to block 1210 where the method 1200 comprises
processing the control signal in a variable delay line to gen-
erate the delayed clock signal. Control then continues to
block 1299 where the method returns.

[0045] In some embodiments, the input clock signal is a
periodic digital signal, for example, a square wave having a
duty cycle 0f 50% and a frequency of about 2.8 megahertz. In
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synchronizing the delayed clock signal to the input clock
signal the method 1200 adjusts the phase and frequency ofthe
delayed clock signal to substantially track the phase and
frequency of the clock signal.

[0046] In some embodiments, adding substantially zero
phase offset in processing the input clock signal and the
delayed clock signal to generate a control signal comprises
receiving the input clock signal and the delayed clock signal
at a cross-coupled pair of differential sense amplifiers to
generate a count-up control signal and a count-down control
signal.

[0047] In some embodiments, processing the input clock
signal and the delayed clock signal to generate the control
signal comprises driving a counter coupled to the variable
delay line with the count-up control signal and the count-
down control signal to generate the delayed clock signal.

[0048] Insomeembodiments, processing the control signal
in the variable delay line to generate the delayed clock signal
comprises receiving the input clock signal at the variable
delay line having a delay and increasing the delay or decreas-
ing the delay to substantially synchronize the delayed clock
signal to the input clock signal.

[0049] Those skilled in the art will appreciate that that the
method shown in FIG. 12 may be implemented in a digital
system as shown in the block diagrams of FIGS. 1, 6,7, 8, 9,
10, and 11. For example, the input clock signal may be
equivalent to CLK IN from the frequency synthesizers 1110
and 1150 of FIG. 11; the control signals may be equivalent to
the counter signal or the UP and DOWN signals of FIG. 10;
the delayed clock signal may be equivalent to the 360 degree
output of the variable delay line in FIG. 10; and the gated data
signals may be equivalent to the DATA_A2B and DATA _
B2A outputs of the logic 1126 and 1162 of FIG. 11.

[0050] FIG. 13 depicts ablock diagram of a communication
system 1300, according to an embodiment of the invention.
The communication system 1300 comprises a first processor
1302 and a second processor 1304. The first processor 1302
and the second processor 1304 are examples of the processor
A 1102 (FIG. 11) and the processor B 1106 (FIG. 11), respec-
tively. Referring again to FIG. 13, the first processor 1302
comprises a delay locked loop 1306 having a digital phase
detector 1308. The digital phase detector 1308 comprises a
first differential sense amplifier cross-coupled to a second
differential sense amplifier 1310. The control signal and the
gated data signal couples the first processor 1302 to the sec-
ond processor 1304.

[0051] In operation, the digital phase detector 1308
receives a clock signal and generates a gated data signal and
a control signal. The second processor 1304 receives the
control signal and the gated data signal.

[0052] FIG. 14 depicts ablock diagram of a communication
system 1412, according to an embodiment of the invention.
The communication system 1412 comprises a mobile com-
munication system 1414, such as a cellular communication
system handset, comprising a second processor 1402, and a
cell station 1416 comprising a first processor 1418 that com-
prises a first differential amplifier cross coupled to a second
differential amplifier 1420.

[0053] In operation, the first processor 1418 of the cell
station 1416 is connected to and provides a control signal and
a gated data signal to the mobile communication system
1414. In some embodiments, the cell station 1416 is a cell
station in a cellular communication system.
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[0054] Those skilled in the art will appreciate that the ele-
ments of FIGS. 1,2, 3,4,5,6,7,8,9,10,11, 12, 13, and 14,
including but not limited to the digital phase detectors 102,
102-1, 102-2, 102-3, and 1024, the delay locked loop 1000,
the processors 1102 and 1106, the method 1200, the commu-
nication system 1300, and the communication system 1412
are not limited to being implemented in a particular electronic
technology. In some embodiments, the elements are fabri-
cated using transistors formed using a complementary metal-
oxide-semiconductor process. The term “metal-oxide-semi-
conductor” comprises field-effect transistors having a metal
gate electrode placed on an oxide insulator formed on a semi-
conductor material. The resulting integrated circuit chips may
be distributed by a fabricator in raw wafer form (that is, as a
single wafer that has multiple unpackaged chips), as a bare
die, or in a packaged form. In the latter case, the chip may be
mounted in a single chip package (such as a plastic carrier,
with leads that are affixed to a motherboard or other higher
level carrier) or in a multi-chip package (such as a ceramic
carrier that has either or both surface interconnections or
buried interconnections). In any case, the chip then may be
integrated with other chips, discrete circuit elements, and/or
other signal processing devices as part of either (a) an inter-
mediate product, such as a motherboard, or (b) an end prod-
uct. The end product may be any product that includes inte-
grated circuit chips, ranging from toys and other low-end
applications, to hand-held devices, to advanced computer
products having a display, a keyboard, or other input device,
and a central processor such as telephones, notebook com-
puters, tablet computers, laptop computers, server computers,
and communication systems.

[0055] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an,” and “the” are intended to comprise the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of the stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0056] In the previous detailed description of exemplary
embodiments of the invention, reference was made to the
accompanying drawings (where like numbers represent like
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elements), which form a part hereof, and in which is shown by
way of illustration specific exemplary embodiments in which
the invention may be practiced. These embodiments were
described in sufficient detail to enable those skilled in the art
to practice the invention, but other embodiments may be
utilized and logical, mechanical, electrical, and other changes
may be made without departing from the scope of the present
invention.

[0057] In the previous description, numerous specific
details were set forth to provide a thorough understanding of
embodiments of the invention. But, embodiments of the
invention may be practiced without these specific details. In
other instances, well-known circuits, structures, and tech-
niques have not been shown in detail in order not to obscure
embodiments of the invention. Different instances of the
word “embodiment” as used within this specification do not
necessarily refer to the same embodiment, but they may. Any
data and data structures illustrated or described herein are
examples only, and in other embodiments, different amounts
of'data, types of data, fields, numbers and types of fields, field
names, numbers and types of rows, records, entries, or orga-
nizations of data may be used. In addition, any data may be
combined with logic, so that a separate data structure is not
necessary. The previous detailed description is, therefore, not
to be taken in a limiting sense.

1-16. (canceled)

17. A communication system comprising:

a first processor comprising a delay locked loop having a
digital phase detector, the digital phase detector com-
prising a first differential sense amplifier cross-coupled
to a second differential sense amplifier, the digital phase
detector to receive a clock signal and to generate one or
more delayed clock signals, a control signal, and a gated
data signal; and

a second processor coupled to the first processor, the sec-
ond processor to receive the control signal and the gated
data signal.

18. The communication system of claim 17, wherein the

first processor is included in a mobile communication system.

19. The communication system of claim 17, wherein the

second processor is included in a cell station.

20. The communication system of claim 17, wherein the

digital phase detector has substantially zero phase offset.
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