US 20200266968A1

a2y Patent Application Publication o) Pub. No.: US 2020/0266968 A1

a9y United States

LIU et al. 43) Pub. Date: Aug. 20, 2020
(54) CLOCK DATA RECOVERY CIRCUIT HO3L 7/18 (2006.01)
HO3L 7/081 (2006.01)
(71) Applicant: Realtek Semiconductor Corp., HO4L 7/00 (2006.01)
Hsinchu (TW) (52) U.S. CL
. T, CPC ............. HO4L 7/04 (2013.01); HO3L 7/0807
(72) Inventors: Ya(.)-Chl.a LIU, Chlayl City (TW); (2013.01); HO3L 7/087 (2013.01); HO4L
Chi-Wei YEN, Hsinchu County (TW); 7/0025 (2013.01); HO3L 7/18 (2013.01);
Wei-Zen CHEN, Hsinchu County (TW) HO3L 7/081 (2013.01); HO3L 7/099 (2013.01)
(73) Assignee: Re?lltek Semiconductor Corp., (57) ABSTRACT
Hsinchu (TW) o )
A clock data recovery circuit includes: a first detecting
(21) Appl. No.: 16/793,267 circuit for detecting phases of an incoming data signal and
a sampling clock signal to generate a first detection signal;
(22) Filed: Feb. 18, 2020 a loop filter for generating a control signal according to the
first detection signal; a second detecting circuit for detecting
(30) Foreign Application Priority Data phases of a reference signal and a feedback signal to
generate a second detection signal; a control voltage gener-
Feb. 19, 2019 (TW) ................................. 108105499 ating circuit for generating a control Voltage based on the
L . . second detection signal; a voltage-controlled oscillator for
Publication Classification generating the sampling clock signal according to the con-
(51) Int. CL trol voltage; a phase adjustment circuit for adjusting the
HO04L 7/04 (2006.01) phase of the sampling clock signal according to the control
HO3L 7/08 (2006.01) signal to generate the phase-adjusted signal; and a frequency
HO3L 7087 (2006.01) divider circuit for conducting a frequency division operation
HO3L 7/099 (2006.01) on the phase-adjusted signal to generate the feedback signal.
\) / 116 / 120
Flrs't DEC1 First Loop N CTL
Detecting Filter ~
DA_IN —>{  Circuit e
Adjustment | — 180
Circuit
130 140 150
ntrol
REF —>{  Second DEC2 Co vC Voltage- SCLK
. ’ Voltage
Detecting . Controlled
- Generating .
Circuit - Oscillator
Circuit
pﬂ) 1/60
-, 3
FB Fr equency ACLK P hase
Divider Adjustment
Circuit Circuit




Aug. 20,2020 Sheet 1 of 4 US 2020/0266968 A1

Patent Application Publication

IO

N

<— HHU

3N2II) JNDII)
syudunsn{py > RpPIIQ
Iseyd ATV Ayudnbaxy 44
a %
091 0LT
I0)B[[12SQ HIDIL) NI
d E.:c\ sugesIudn m:.. oo.u
< ¢ p3[[onuo)y e sdeoA [ o nodRd
A'TOS -38v)[0A IA Ad puo0ag
[ouo)
T /
0s1 orl o€l
HUBAL
081 _/" | usunsnlpy
HIYD e NI vd
0zl \ 011 \

001



Aug. 20,2020 Sheet 2 of 4 US 2020/0266968 A1

Patent Application Publication

¢ O

<— 449

NI NI
> yudunsn{py > PpIIQ
Iseyqd ATV Ayudnbaay 44
/| /
091 8T T 0LY
DA oo . -, Wada
/
I _
10JEB[[1DSO /“ REITIE| dumn “\ UL e
<o paflonuo) |k——L doo |4 o . ! sunpa(q
A'TOS -33e)[0A | puo0d3g 19 “ pu0ddg
\ \ \._
0ST \ ......... \ ..... \
\Q pPe we 0€1
o1
8T |
TLER1 o I > NI vd
LD TIsAg 1D4d iy k
cﬁ\ cz\

001



Aug. 20,2020 Sheet 3 of 4 US 2020/0266968 A1

Patent Application Publication

1 J I |

N

<— 449

NI NI
> yudunsn{py > RpPIIQ
Iseyqd ATV Ayudnbaay 44
a3 /
091 0LI
DA e . aa
/
I _
10JE[[1DSO /“ RE3TIN | dung | | \ NI
<o pafonuo) | ,_ doo e o . ! sunpa(q
A'TOS -33e)[0A | puoddg 19 “ puoddg
\ \ \._
0ST \ ......... \ ..... \
\Q pPe we 0€1
(1741
8T |
TLER1 o I > NI vd
11D IS 1Ddd sy Kk
cﬁ\ c:\

001



US 2020/0266968 A1

Aug. 20, 2020 Sheet 4 of 4

Patent Application Publication

P OIAd

<— 449

ML) I
> yudunsn{py > RpPIIQ
Iseyqd ATV Ayudnbaay 44
/| /
091 8T T 0LY
DA e __ -, Daa
/
I _
103R[[1ISO /“ RN 8 | dumg ! \ muy e
<~——e pafonuo) |k——L doo e o . ! sunpa(q
A'TOS -33e)[0A | puoddg 19 “ puoddg
) \ /
0S1 A \ ..... \
vhe e o€l
(1]41
TLBR1 i T NI vd
€ %“3:%. < ° - sundapq
LD IS 1Ddd sy Kk
cﬁ\ c:\

001



US 2020/0266968 Al

CLOCK DATA RECOVERY CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
patent application Ser. No. 10/810,5499, filed in Taiwan on
Feb. 19, 2019; the entirety of which is incorporated herein
by reference for all purposes.

BACKGROUND

[0002] The disclosure generally relates to a clock data
recovery circuit and, more particularly, to a clock data
recovery circuit capable of accelerating the loop response
speed and does not easily result in frequency drift.

[0003] A clock data recovery circuit is widely employed in
many applications, but the conventional clock data recovery
circuit typically uses the analog loop filter. Therefore, in the
situation of that the input terminal of the clock data recovery
circuit does not receive any data signal over a certain period
of time, it easily causes frequency drift in the resulting
sampling clock signal.

[0004] The frequency drift problem may be reduced by
replacing the analog loop filter with more complex digital
loop filter, but it would easily result in insufficient loop
response speed, thereby causing the conventional clock data
recovery circuit to be unable to support applications having
higher data signal frequency.

SUMMARY

[0005] An example embodiment of a clock data recovery
circuit is disclosed, comprising: a first detecting circuit,
arranged to operably detect phases of a data signal and a
sampling clock signal to generate a corresponding first
detection signal; a first loop filter, coupled with the first
detecting circuit, and arranged to operably process the first
detection signal to generate a control signal; a second
detecting circuit, arranged to operably detect phases of a
reference signal and a feedback signal to generate a corre-
sponding second detection signal; a control voltage gener-
ating circuit, coupled with the second detecting circuit, and
arranged to operably generate a corresponding control volt-
age according to the second detection signal; a voltage-
controlled oscillator, coupled with the control voltage gen-
erating circuit, and arranged to operably generate the
sampling clock signal according to the control voltage; a
phase adjustment circuit, coupled with the first loop filter
and the voltage-controlled oscillator, and arranged to oper-
ably adjust a phase of the sampling clock signal according
to the control signal, so as to generate a phase-adjusted
signal; and a frequency divider circuit, coupled with the
second detecting circuit and the phase adjustment circuit,
and arranged to operably conduct a frequency division
operation on the phase-adjusted signal to generate the feed-
back signal.

[0006] Both the foregoing general description and the
following detailed description are examples and explanatory
only, and are not restrictive of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows a simplified functional block diagram
of a clock data recovery circuit according to one embodi-
ment of the present disclosure.
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[0008] FIGS. 2-4 show simplified schematic diagrams of
an adjustment circuit in the clock data recovery circuit
according to different embodiments of the present disclo-
sure.

DETAILED DESCRIPTION

[0009] Reference is made in detail to embodiments of the
invention, which are illustrated in the accompanying draw-
ings. The same reference numbers may be used throughout
the drawings to refer to the same or like parts, components,
or operations.

[0010] FIG. 1 shows a simplified functional block diagram
of a clock data recovery circuit 100 according to one
embodiment of the present disclosure. The clock data recov-
ery circuit 100 is utilized to receive a data signal DA_IN and
to generate a sampling clock signal SCLK, which can be
utilized to sample the data signal DA_IN; according to the
data signal DA_IN. As shown in FIG. 1, the clock data
recovery circuit 100 comprises a first detecting circuit 110,
a first loop filter 120, a second detecting circuit 130, a
control voltage generating circuit 140, a voltage-controlled
oscillator 150, a phase adjustment circuit 160, a frequency
divider circuit 170, and an adjustment circuit 180.

[0011] The first detecting circuit 110 is arranged to oper-
ably detect phases of the data signal DA_IN and the sam-
pling clock signal SCLK to generate a corresponding first
detection signal DEC1. The first detecting circuit 110 may
be realized with various suitable phase detector circuits,
frequency detector circuits, or phase and frequency detector
circuits. The first detection signal DEC1 may be realized
with any signal formats capable of representing the relative
timing relationship between the phase of the data signal
DA_IN and the phase of the sampling clock signal SCLK.
[0012] The first loop filter 120 is coupled with the first
detecting circuit 110, and arranged to operably process the
first detection signal DEC1 to generate a control signal CTL.
The first loop filter 120 may be realized with various suitable
digital filters, so as to increase the related loop response
speed.

[0013] The second detecting circuit 130 is arranged to
operably detect phases of a reference signal REF and a
feedback signal FB to generate a corresponding second
detection signal DEC2. The aforementioned reference signal
REF is designed to have a frequency similar to or identical
to the frequency of the data signal DA_IN received by the
clock data recovery circuit 100. In practice, the reference
signal REF may be generated by other suitable circuits (not
shown in FIG. 1) located outside the clock data recovery
circuit 100. The second detecting circuit 130 may be realized
with various suitable phase detector circuits, frequency
detector circuits, or phase and frequency detector circuits.
The second detection signal DEC2 may be realized with any
signal format capable of representing the relative timing
relationship between the phase of the reference signal REF
and the phase of the feedback signal FB.

[0014] The control voltage generating circuit 140 is
coupled with the second detecting circuit 130, and arranged
to operably generate a corresponding control voltage VC
according to the second detection signal DEC2. In this
embodiment, when the second detection signal DEC2 indi-
cates that the phase of the reference signal REF is ahead the
phase of the feedback signal FB, the control voltage gener-
ating circuit 140 may increase the magnitude of the control
voltage VC. On the contrary, when the second detection
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signal DEC2 indicates that the phase of the reference signal
REF is behind the phase of the feedback signal FB, the
control voltage generating circuit 140 may decrease the
magnitude of the control voltage VC.

[0015] The voltage-controlled oscillator 150 is coupled
with the control voltage generating circuit 140, and arranged
to operably generate the aforementioned sampling clock
signal SCLK according to the control voltage VC. The
voltage-controlled oscillator 150 may increase the frequency
of the outputted sampling clock signal SCLK when the
control voltage generating circuit 140 increases the magni-
tude of the control voltage VC; and may decrease the
frequency of the sampling clock signal SCLK when the
control voltage generating circuit 140 decreases the magni-
tude of the control voltage VC.

[0016] The phase adjustment circuit 160 is coupled with
the first loop filter 120 and the voltage-controlled oscillator
150, and arranged to operably adjust the phase of the
sampling clock signal SCLK according to the control signal
CTL to generate a phase-adjusted signal ACLK. In practice,
the phase adjustment circuit 160 may be realized with
various phase interpolation circuits, programmable delay
chains, or other suitable circuits.

[0017] The frequency divider circuit 170 is coupled with
the second detecting circuit 130 and the phase adjustment
circuit 160, and arranged to operably conduct a frequency
division operation on the phase-adjusted signal ACLK to
generate the aforementioned feedback signal FB, so that the
frequency of the feedback signal FB is lower than the
frequency of the phase-adjusted signal ACLK. In practice,
the frequency divider circuit 170 may be realized with
various suitable integer frequency dividers or fractional
frequency dividers.

[0018] The adjustment circuit 180 is coupled with the first
detecting circuit 110 and the voltage-controlled oscillator
150, and arranged to operably control the voltage-controlled
oscillator 150 according to the first detection signal DEC1 to
change the phase of the sampling clock signal SCLK. In
other words, the aforementioned voltage-controlled oscilla-
tor 150 not only adjusts the frequency of the sampling clock
signal SCLK according to the control voltage VC generated
by the control voltage generating circuit 140, but also adjusts
the phase of the sampling clock signal SCLK under control
of the adjustment circuit 180.

[0019] During the operation of the clock data recovery
circuit 100, the aforementioned first detecting circuit 110,
adjustment circuit 180, and voltage-controlled oscillator 150
collectively form a first loop. The second detecting circuit
130, the control voltage generating circuit 140, the voltage-
controlled oscillator 150, the phase adjustment circuit 160,
and the frequency divider circuit 170 collectively form a
second loop.

[0020] Since the aforementioned phase adjustment circuit
160 adjusts the phase of the sampling clock signal SCLK
under control of the first loop filter 120 to generate the
phase-adjusted signal ACLK, the aforementioned first loop
and second loop are enabled to reach respective steady states
at the same time. As a result, the first loop and the second
loop can operate simultaneously. That is, the first loop and
the second loop in the clock data recovery circuit 100 can
share the sampling clock signal SCLK generated by the
voltage-controlled oscillator 150 at the same time.

[0021] Therefore, there is no need to arrange additional
switch circuits in the clock data recovery circuit 100 to
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switch the voltage-controlled oscillator 150 between the
aforementioned first loop and second loop. As a result, the
probability of that frequency drift occurs in the sampling
clock signal SCLK outputted from the voltage-controlled
oscillator 150 can be effectively reduced.

[0022] In practice, the control voltage generating circuit
140 may be realized with a cooperation of a charge pump
and a loop filter. In the embodiment of FIG. 2, for example,
the control voltage generating circuit 140 comprises a
charge pump 242 and a second loop filter 244.

[0023] The charge pump 242 is coupled with the second
detecting circuit 130, and arranged to operably generate a
corresponding output voltage according to the second detec-
tion signal DEC2. The second loop filter 244 is coupled with
the charge pump 242 and the voltage-controlled oscillator
150, and arranged to operably compensate and filter the
output voltage of the charge pump 242, so as to generate the
aforementioned control voltage VC. In practice, the afore-
mentioned charge pump 242 and second loop filter 244 may
be realized with various suitable circuit structures.

[0024] In this embodiment, when the second detecting
circuit 130 has detected that the phase of the reference signal
REF is ahead the phase of the feedback signal FB, the
second detecting circuit 130 may utilize the second detection
signal DEC2 to control the charge pump 242 to increase the
output voltage, to thereby increase the control voltage VC.
When the second detecting circuit 130 has detected that the
phase of the reference signal REF is behind the phase of the
feedback signal FB, the second detecting circuit 130 may
utilize the second detection signal DEC2 to control the
charge pump 242 to decrease the output voltage, to thereby
decrease the control voltage VC.

[0025] In the embodiment of FIG. 2, the aforementioned
adjustment circuit 180 may be realized with a combination
of a current source circuit 282 and a current sink circuit 284.
The current source circuit 282 is arranged to operably
increase the current passing through the voltage-controlled
oscillator 150 according to the first detection signal DEC1.
The current sink circuit 284 is arranged to operably decrease
the current passing through the voltage-controlled oscillator
150 according to the first detection signal DECI1.

[0026] When the first detecting circuit 110 has detected
that the phase of the data signal DA_IN is ahead the phase
of'the sampling clock signal SCLK, the first detecting circuit
110 may utilize the first detection signal DEC1 to control the
adjustment circuit 180 to increase the current passing
through the voltage-controlled oscillator 150, so that the
voltage-controlled oscillator 150 would advance the phase
of'the sampling clock signal SCLK. On the other hand, when
the first detecting circuit 110 has detected that the phase of
the data signal DA_IN is behind the phase of the sampling
clock signal SCLK, the first detecting circuit 110 may utilize
the first detection signal DEC1 to control the adjustment
circuit 180 to decrease the current passing through the
voltage-controlled oscillator 150, so that the voltage-con-
trolled oscillator 150 would delay the phase of the sampling
clock signal SCLK.

[0027] By utilizing the adjustment circuit 180 to directly
adjust the current passing through the voltage-controlled
oscillator 150 according to the detecting result of the first
detecting circuit 110, the phase of the sampling clock signal
SCLK outputted from the voltage-controlled oscillator 150
can be changed, thereby significantly increasing the loop
response speed of the aforementioned first loop. Even if the
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clock data recovery circuit 100 does not receive the data
signal DA_IN for a longer period of time, because the
second detecting circuit 130 still works for every reference
period and keep adjusting the voltage-controlled oscillator
150, the frequency of the sampling clock signal SCLK
outputted from the voltage-controlled oscillator 150 can still
remain stable. In this way, it effectively reduces the possi-
bility of that the frequency drift occurs in the sampling clock
signal SCLK outputted from the voltage-controlled oscilla-
tor 150.

[0028] Please note that the aforementioned circuit struc-
tures are merely exemplary embodiments rather than a
restriction to the practical implementations. As shown in
FIG. 3, the current sink circuit 284 in the aforementioned
adjustment circuit 180 may be omitted in some embodi-
ments.

[0029] As shown in FIG. 4, for another example, the
current source circuit 282 in the adjustment circuit 180 may
be omitted in some embodiments.

[0030] In some embodiments, the aforementioned adjust-
ment circuit 180 may be instead realized with a variable
capacitor circuit coupled with the input terminal of the
voltage-controlled oscillator 150. In this embodiment, the
first detecting circuit 110 may utilize the first detection
signal DEC1 to change the capacitance of the adjustment
circuit 180, so as to change the input voltage of the voltage-
controlled oscillator 150, thereby adjusting the phase of the
sampling clock signal SCLK.

[0031] In another embodiment, the adjustment circuit 180
may be instead realized with various voltage adjustment
circuits capable of changing the input voltage of the voltage-
controlled oscillator 150 according to the first detection
signal DECI1.

[0032] Certain terms are used throughout the description
and the claims to refer to particular components. One skilled
in the art appreciates that a component may be referred to as
different names. This disclosure does not intend to distin-
guish between components that differ in name but not in
function. In the description and in the claims, the term
“comprise” is used in an open-ended fashion, and thus
should be interpreted to mean “include, but not limited to.”
The term “couple” is intended to compass any indirect or
direct connection. Accordingly, if this disclosure mentioned
that a first device is coupled with a second device, it means
that the first device may be directly or indirectly connected
to the second device through electrical connections, wireless
communications, optical communications, or other signal
connections with/without other intermediate devices or con-
nection means.

[0033] The term “and/or” may comprise any and all com-
binations of one or more of the associated listed items. In
addition, the singular forms “a,” “an,” and “the” herein are
intended to comprise the plural forms as well, unless the

context clearly indicates otherwise.

[0034] The term “voltage signal” used throughout the
description and the claims may be expressed in the format of
a current in implementations, and the term “current signal”
used throughout the description and the claims may be
expressed in the format of a voltage in implementations.
[0035] Other embodiments of the invention will be appar-
ent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein.
It is intended that the specification and examples be con-
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sidered as exemplary only, with a true scope and spirit of the
invention indicated by the following claims.

What is claimed is:

1. A clock data recovery circuit (100), comprising:

a first detecting circuit (110), arranged to operably detect
phases of a data signal (DA_IN) and a sampling clock
signal (SCLK) to generate a corresponding first detec-
tion signal (DEC1);

a first loop filter (120), coupled with the first detecting
circuit (110), and arranged to operably process the first
detection signal (DEC1) to generate a control signal
(CTL);

a second detecting circuit (130), arranged to operably
detect phases of a reference signal (REF) and a feed-
back signal (FB) to generate a corresponding second
detection signal (DEC2);

a control voltage generating circuit (140), coupled with
the second detecting circuit (130), and arranged to
operably generate a corresponding control voltage
(VC) according to the second detection signal (DEC2);

a voltage-controlled oscillator (150), coupled with the
control voltage generating circuit (140), and arranged
to operably generate the sampling clock signal (SCLK)
according to the control voltage (VC);

a phase adjustment circuit (160), coupled with the first
loop filter (120) and the voltage-controlled oscillator
(150), and arranged to operably adjust a phase of the
sampling clock signal (SCLK) according to the control
signal (CTL), so as to generate a phase-adjusted signal
(ACLK); and

a frequency divider circuit (170), coupled with the second
detecting circuit (130) and the phase adjustment circuit
(160), and arranged to operably conduct a frequency
division operation on the phase-adjusted signal
(ACLK) to generate the feedback signal (FB).

2. The clock data recovery circuit (100) of claim 1, further

comprising:

an adjustment circuit (180), coupled with the first detect-
ing circuit (110) and the voltage-controlled oscillator
(150), and arranged to operably control the voltage-
controlled oscillator (150) according to the first detec-
tion signal (DEC1) to change the phase of the sampling
clock signal (SCLK).

3. The clock data recovery circuit (100) of claim 2,
wherein the adjustment circuit (180) is arranged to operably
adjust a current passing through the voltage-controlled oscil-
lator (150) according to the first detection signal (DEC1) to
thereby change the phase of the sampling clock signal
(SCLK).

4. The clock data recovery circuit (100) of claim 2,
wherein the control voltage generating circuit (140) com-
prises:

a charge pump (242), coupled with the second detecting
circuit (130), and arranged to operably generate a
corresponding output voltage according to the second
detection signal (DEC2); and

a second loop filter (244), coupled with the charge pump
(242) and the voltage-controlled oscillator (150), and
arranged to operably compensate and filter the output
voltage, so as to generate the control voltage (VC).

5. The clock data recovery circuit (100) of claim 2,
wherein the adjustment circuit (180) comprises:
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a current source circuit (282), arranged to operably
increase the current passing through the voltage-con-
trolled oscillator (150) according to the first detection
signal (DEC1).

6. The clock data recovery circuit (100) of claim 2,

wherein the adjustment circuit (180) comprises:

a current sink circuit (284), arranged to operably decrease
the current passing through the voltage-controlled
oscillator (150) according to the first detection signal
(DEC1).

7. The clock data recovery circuit (100) of claim 2,

wherein the adjustment circuit (180) comprises:

a current source circuit (282), arranged to operably
increase the current passing through the voltage-con-
trolled oscillator (150) according to the first detection
signal (DEC1); and

a current sink circuit (284), arranged to operably decrease
the current passing through the voltage-controlled
oscillator (150) according to the first detection signal
(DEC1).

8. The clock data recovery circuit (100) of claim 2,
wherein when the clock data recovery circuit (100) operates,
the first detecting circuit (110), the adjustment circuit (180),
and the voltage-controlled oscillator (150) form a first loop,
while the second detecting circuit (130), the control voltage
generating circuit (140), the voltage-controlled oscillator
(150), the phase adjustment circuit (160), and the frequency
divider circuit (170) form a second loop, and the first loop
and the second loop both share the sampling clock signal
(SCLK) generated by the voltage-controlled oscillator (150)
at the same time.
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