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(57) ABSTRACT

A clock generating apparatus includes an oscillator and a
frequency synthesizer. The oscillator is utilized for generat-
ing a reference clock signal. The frequency synthesizer is
coupled to the oscillator and utilized for synthesizing a target
clock signal in accordance with the reference clock signal and
a frequency division factor that has been adjusted or compen-
sated, and outputting the target clock signal as an output of the
clock generating apparatus.

110
- A, 1
[ T T T Eectanal Divider
/105 : /1101 | 1104 Fractional Divider /1 105 :
[ [
: CLKosc Phase Phats CLKar !
Oscillator ; =N [ as asc | s
serater ‘ | Sclector Interpolator | :
| ' ! |
[ [
,,,,,,,,, ] ‘
ro_ ' 1106 !
T 7103 . s ‘ |
[
b Process ‘ @ ! Digital processing block ‘ !
- Paramctcr ‘ : (sigma-dclta modulator) : !
| [
[ [
| ‘ L - |
P Temperature ‘ 102 |
! Parameter ! |
[ [
L - 3 !



US 2016/0197599 A1l

Patent Application Publication

ﬁ||||||||||||||||||||||||||||||||||||
7 - - - - - - |
| |
” | Io10UIRIR] P!
|
- 7 mo:/ | omerodwo T, .
= | r-—- - - - - 7777 i ” " |
= | ” (JOJR[NPOW B][op-RWSTS) | | I0WEIR] -
| 7 ¥o0[q Surssao01d [1SI(] _ , §30001] -
= Y. _
S | | | 3] o
= | | 9011 G T T T T T T T N
| |
| | IompodIon 1019705 | |
C O—— = N: = I0JR[[108
¥ MAU” aseyg oseyJ " X0y 11950
| | / / | / | \
| O g puonoeay POTTT 0T f S0t
L o _ _ _ _ _ _ _ _ __ ________ _ _ _
0l ﬁN




US 2016/0197599 A1l

Jul. 7,2016 Sheet 2 of 3

Patent Application Publication

AN+

TOpIAID
[PUOTIORL]

"
_
_ TPAI]
_
| coez”
_
O——r oo Ad'T d
dviL D ! D (dd 1O
_
! womm\ momm\ momm\ Smm\
_
| TId
_ omm\ IOZISOYUAS Kouonborg
[ |M ||||||||||||||||||||||||||||||

I0JB[[19S0)




US 2016/0197599 A1l

Jul. 7,2016 Sheet 3 of 3

Patent Application Publication

N=+

1P

| AN+

| IOpIATP

| = [euonoesy

|

| sors”

|
O—— oon [ a1 [ O = ad [
AVL | 31O

D

| vomm\ momm\ momm\ Smm\

| Tid

! 0Z§ IOZISAQIUAS Aouanbary

oﬁm\|

\

<—— 101¥[[150)




US 2016/0197599 Al

FREQUENCY DIVIDER, CLOCK
GENERATING APPARATUS, AND METHOD
CAPABLE OF CALIBRATING FREQUENCY

DRIFT OF OSCILLATOR

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This continuation application claims the benefit of
U.S. application Ser. No. 14/048,035, which was filed on Oct.
7,2013 and claims the benefit of U.S. Provisional Application
No. 61/716,646, which was filed on Oct. 22, 2012.

BACKGROUND

[0002] In general, a conventional oscillator can be imple-
mented by a variety of types of oscillators. For example, the
conventional oscillator may include an L.C resonator. Unfor-
tunately, a frequency drift is often introduced due to the
process variations or temperature changes. In order to cali-
brate the frequency drift, a conventional method is employed
to adjust the capacitor array of the resonator (e.g. the LC
resonator) of the oscillator, so as to obtain an accurate fre-
quency. However, this may cause the design of the oscillator
become more complex because the analog control approach
is sensitive to PVT variation, especially in advanced process.
Therefore, it is important to provide a novel scheme to simul-
taneously achieve high frequency accuracy and easy imple-
mentation by digital adjustments.

SUMMARY

[0003] Therefore one of the objectives of the present inven-
tion is to provide a fractional divider, a clock generating
apparatus, and corresponding method to solve the above-
mentioned problem. The fractional divider, clock generating
apparatus, and corresponding method can simultaneously
achieve high frequency accuracy and good jitter performance.
Besides, the embedded crystal (XTAL) is low-cost for a com-
petitive market.

[0004] According to an embodiment of the present inven-
tion, a clock generating apparatus is disclosed. The clock
generating apparatus comprises an oscillator and a frequency
synthesizer. The oscillator is used for generating a reference
clock signal. The frequency synthesizer is coupled to the
oscillator and utilized for synthesizing a target clock signal in
accordance with the reference clock signal and a frequency
division factor that has been adjusted or compensated, and
outputting the target clock signal as an output of the clock
generating apparatus.

[0005] According to an embodiment of the present inven-
tion, a method used for a clock generating apparatus is dis-
closed. The method comprises: providing an oscillator for
generating a reference clock signal; synthesizing a target
clock signal in accordance with the reference clock signal and
a frequency division factor that has been adjusted or compen-
sated; and, outputting the target clock signal as an output of
the clock generating apparatus.

[0006] According to an embodiment of the present inven-
tion, a clock generating apparatus is disclosed. The clock
generating apparatus comprises an oscillator and a phase
control circuit. The oscillator is utilized for generating a ref-
erence clock signal. The phase control circuit is coupled to the
oscillator and utilized for selecting at least two phase shifts
from different phase characteristics that are generated based
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on the reference clock signal, and utilized for interpolating a
phase shift according to the selected phase shifts, so as to
generate a target clock signal.

[0007] According to another embodiment of the present
invention, a fractional divider is disclosed. The fractional
divider comprises a phase selector, a phase interpolator, and a
sigma-delta modulator. The phase selector is utilized for
selecting at least two phase shifts from different phase char-
acteristics that are generated based on a reference clock signal
provided by an oscillator. The phase interpolator is coupled to
the phase selector and utilized for interpolating a phase shift
according to the selected phase shifts, so as to generate a
target clock signal having a frequency that is a frequency of
the reference clock signal divided by a frequency division
factor. The sigma-delta modulator is coupled to the phase
selector and the phase interpolator, and is utilized for respec-
tively controlling the phase selector and the phase interpola-
tor to calibrate the frequency of the target clock signal by
adjusting/compensating the frequency division factor.
[0008] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram of a clock generating
apparatus according to an embodiment of the present inven-
tion.

[0010] FIG. 2 is a block diagram of a clock generating
apparatus according to another embodiment of the present
invention.

[0011] FIG. 3 is a block diagram of a clock generating
apparatus according to another embodiment of the present
invention.

DETAILED DESCRIPTION

[0012] Please refer to FIG. 1, which is a block diagram of'a
clock generating apparatus 100 according to an embodiment
of the present invention. The clock generating apparatus 100
comprises an oscillator 105 and a frequency synthesizer 110.
The frequency synthesizer 110 comprises a divider 1101, a
fractional divider 1102, and a table 1103, and the fractional
divider 1102 comprises a phase selector 1104, a phase inter-
polator 1105, and a digital processing block 1106. The clock
generating apparatus 100 is an embedded crystal system-on-
chip (SOC) circuit; that is, the clock generating apparatus 100
is installed on a single integrated circuit chip. The need of an
on-board external crystal oscillator can thus be eliminated for
anelectric system. In addition, the clock generating apparatus
100 can be used for generating and outputting a target clock
signal CLK ;,» to a post-stage system (not shown in FIG. 1)
according to an internal reference clock source, i.e. the oscil-
lator 105. In addition, the clock generating apparatus 100 may
be applied for a variety of applications such as wire-line
communications, e.g. SATA (Serial ATA), USB, or Ethernet.
This is not meant to be a limitation of the present invention.
[0013] The oscillator 105 can be implemented by an L.C
resonator (but not limited) or other type resonator such as the
ring oscillator, and the oscillator 105 is used as a source
reference resonator and utilized for generating a reference
clock signal CLK ¢ as a source clock signal. The frequency
synthesizer 110 is utilized for receiving the reference clock
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signal CLK ., synthesizing the target clock signal CLK ;. »
used as a system clock in accordance with the reference clock
signal CLK 5~ and a frequency division factor that has been
adjusted or compensated, and outputting the target clock sig-
nal CLK,, as an output of the clock generating apparatus
100. Specifically, the frequency synthesizer 110 is arranged to
calibrate the frequency of the target clock signal CLK ., by
adjusting the frequency division factor (e.g. the frequency
division factor of the fractional divider 1102) to compensate
the target clock signal CLK ,,» according to at least one of
process variation information and temperature variation
information which is stored in the table 1103.

[0014] In order to compensate variations of the frequency
outputted by the oscillator 105 due to process variations and/
or temperature variations, the fractional divider 1102 is
arranged to adjust the frequency division factor based on the
information stored in the table 1103, so as to compensate the
frequency outputted by the divider 1101 to obtain the target
clock signal CLK ,, having an accurate frequency. In other
words, even though the frequency of the reference clock
signal CLK .~ generated by the oscillator 105 may be
slightly varied or drifted under different conditions, by
adjusting the frequency division factor of the frequency syn-
thesizer 110, the frequency synthesizer 110 can appropriately
calibrate/compensate the varied/drifted frequency, so as to
obtain the target clock signal CLK,, having the accuracy
frequency as the output of the clock generating apparatus 100.
This achieves high frequency accuracy and low phase noise
and jitter.

[0015] It should be noted that in this embodiment the com-
ponents of the oscillator 105 are not altered to adjust the
frequency of the reference clock signal CLK,g.. For
example, if the oscillator 105 is implemented by an LC reso-
nator, then in this embodiment the capacitor or inductor com-
ponents included by the L.C resonator are not compensated to
adjust the frequency of the reference clock signal CLK ,4; or
the LC resonator is equipped with a fixed, not switchable,
capacitor array. That is, in this embodiment, the step of cali-
brating the frequency of the target clock signal CLK ., is
achieved by adjusting a frequency division factor of the fre-
quency synthesizer 110 rather than adjusting the generation
of'the source reference clock signal CLK 5. However, this is
not intended to be a limitation of the present invention. The
reference clock signal CLK ;- maybe coarse-tuned with
adjustment of the components of the oscillator 105 while
fine-tuned with adjustment of the frequency division factor of
the frequency synthesizer 110.

[0016] The table 1103 is utilized for recording the process
variation information and/or the temperature information.
The process variation information includes a set of process
parameters having different adjustments corresponding to
different process fabrication variations, and the temperature
variation information includes a set of temperature param-
eters corresponding to different temperature variation condi-
tions. The set of process parameters are generated at the chip
probing flow or at the final test flow that is used for checking
circuit elements of the clock generating apparatus 100 during
the manufacturer process before or after packaging, respec-
tively. The process parameters are generated before the oscil-
lator 105 is employed for generating the reference clock
signal CLK 5. The generation of the process parameters
may be based on an external machine system wherein the
external machine system can generate an accurate frequency.
The external machine system may be used to generate the
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process parameters according to the relation between differ-
ent frequency drifts and process variations. After the relation
is determined, the set of process parameters can be deter-
mined correspondingly and used for calibrating the frequency
drift generated due to the process variation. This ensures that
the frequency of reference clock signal CLK 5 can become
more accurate. The set of process parameters are recorded by
the table 1103 after the parameters are generated. The set of
process parameters may correspond to a variety of variation
information such as process corners (i.e. typical-typical (TT),
fast-fast (FF), slow-slow (SS), fast-slow (FS), and slow-fast
(SF)). The first letter of the process corner indicates NMOS
elements and the second letter indicates PMOS elements.
According to the process variation information, the frequency
divider 110 can adjust the frequency division factor NF ofthe
fractional divider 1102 to compensate the frequency of the
reference clock signal CLK .~ by the adjusted frequency
division factor NF, so as to appropriately calibrate/compen-
sate the frequency of the target clock signal CLK .. For
example, if the process corner SS causes the frequency of the
reference clock signal CLK ¢~ become lower, then the fre-
quency division factor NF of the fractional divider 1102 may
be adjusted to a smaller value according to a process param-
eter corresponding to the process corner SS, so as to calibrate
the frequency of the reference clock signal CLK . Addi-
tionally, in another example, if the process corner FF causes
the frequency of the reference clock signal CLK ¢ become
higher, then the frequency division factor NF ofthe fractional
divider 1102 may be adjusted to a greater value according to
a process parameter corresponding to the process corner FF,
s0 as to calibrate the frequency of the reference clock signal
CLK y5c-

[0017] In addition, the set of temperature parameters are
utilized with an on-chip temperature sensor (not shown in
FIG. 1). The on-chip temperature sensor can be used to online
monitor, measure, and record/collect the current temperature.
The set of temperature parameters includes the relation of
different adjustments corresponding to different temperature
conditions including a normal temperature condition and
other different temperature conditions, and the table 1103 is
arranged to store the different adjustments. For example, the
table 1103 is arranged to record different adjustment coeffi-
cients corresponding to different temperature conditions. The
set of temperature parameters are used to calibrate a fre-
quency drift of the oscillator 105 generated due to a tempera-
ture change. The relation between different adjustment coef-
ficients and temperatures and the current temperature
recorded by the on-chip temperature sensor are inputted to the
fractional divider 1102. Accordingly, the fractional divider
1102 can obtain a corresponding temperature parameter at the
current temperature to calibrate the frequency drift of the
oscillator 105.

[0018] It should be noted that the temperature parameters
and process parameters are independent to each other. The
operation for calibrating the frequency drift according to the
process parameters is independent from the operation for
calibrating the frequency drift according to the temperature
parameters. In the preferred embodiment, both of the opera-
tions are applied for obtaining a more accurate frequency.
However, in other embodiments, maybe only the process
parameters or only the temperature parameters are applied to
obtain an accurate frequency. This modification also obeys
the spirit of the present invention. That is, it is helpful to
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employ either the process parameters or the temperature
parameters to calibrate the frequency drift.

[0019] In this embodiment, the digital processing block
1106 is arranged to receive the process parameters and the
temperature parameters, and is arranged to determine the
frequency division factor NF of the fractional divider 1102
according to the process parameters and temperature param-
eters. The digital processing block 1106 is arranged to select
a process parameter from the set of process parameters or a
temperature parameter from the set of temperature param-
eters by referring to a current fabrication process or a current
temperature, and is arranged to determine/adjust the division
factor NF by utilizing the selected process parameter or
selected temperature parameter. The division factor NF is a
positive value having a decimal number. After determining
the frequency division factor NF, the digital processing block
1106 is arranged to control the analog circuits (e.g. the phase
selector 1104 and phase interpolator 1105) to generate and
output the calibrated signal CLK ;. having an accurate fre-
quency according to the determined frequency division factor
NF. The digital processing block 1106 controls the phase
selector 1104 and phase interpolator 1105 to generate the
calibrated signal CLK -, . having a precise phase shift, so asto
obtain the accurate frequency. The divider 1101 provides
multiple clock signals having different phase characteristics
(or different phase shift adjustments) according to the refer-
ence clock signal CLK ¢ outputted from the oscillator 105.
The phase selector 1104 is arranged to select two phase shifts
from the phase characteristics or phase shift adjustments, and
the phase interpolator 1105 is arranged to interpolate the
appropriate phase shift corresponding to the accurate fre-
quency based on the selected phase shifts. For example, the
phase selector 1104 may be used to select two phase shifts
from zero degrees, 90 degrees, 180 degrees, and 270 degrees.
If the phase shift to be interpolated by the phase interpolator
1105 is 45 degrees, then the phase selector 1104 selects zero
degrees and 90 degrees, and the phase interpolator 1105 gen-
erates 45 degrees based on the zero degrees and 90 degrees by
the phase interpolation operation. This example is merely
used for illustrative purposes, and is not intended to be a
limitation of the present invention. For example, the phase
selector 1104 and the phase interpolator 1105 may be merged
as a circuit block for some design options.

[0020] In addition, the sigma-delta modulation (SDM)
technique can be used to apply to the digital processing block
1106 to increase the frequency resolution. SDM noise can be
effectively suppressed by the phase interpolator 1105. Thus,
the noise generated in the clock generating apparatus 100 can
be dominated by the oscillator 105 rather than the SDM
technique. The whole system performance can be improved
significantly. In another embodiment, the frequency synthe-
sizer 110 may include two or more fractional dividers so as to
provide a higher resolution.

[0021] Please refer to FIG. 2, which is a block diagram of a
clock generating apparatus 200 according to another embodi-
ment of the present invention. As shown in FIG. 2, the clock
generating apparatus 200 comprises an oscillator 205 and a
frequency synthesizer 210, and the frequency synthesizer 210
comprises a fractional divider 215 having the division factor
NF and a phase-locked loop (PLL) 220. The PLL 220 com-
prises a phase frequency detector (PFD) 2201, a charge-pump
(CP) 2202, a low-pass-filer (LPF) 2203, a voltage-controlled
oscillator (VCO) 2204, and a divider 2205 having a constant
integer division factor N on the feedback path. The fractional
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divider 215 is used for generating a clock signal CLK1 by
using the division factor NF according to the reference clock
signal CLK 5., wherein NF is a positive value having a
decimal number. The operation of the fractional divider 215 is
similar to that of the fractional divider 1102 shown in FIG. 1.
That is, the fractional divider 215 is arranged to adjust the
division factor NF by referring to the at least one of the
process variation information and the temperature variation
information (i.e. the process parameters or the temperature
parameters), to calibrate/compensate the frequency drift of
the oscillator 205, and to obtain the accurate frequency of the
target clock signal CLK,.. Detail description is not
described again for brevity. However, the circuit structure of
the fractional divider 215 is not limited to be the same as that
of'the fractional divider 1102. Other circuit structures capable
of providing division factor adjustment shall be also appli-
cable. The target clock signal CLK ;. outputted by the clock
generating apparatus 200 is designed to be a system clock
signal. The PLL 220 is arranged to receive the clock signal
CLK1 and synthesize the target clock signal CLK ., based
on the clock signal CLK1. Since the clock signal CLK1 is
low-noise and stable against PVT variations, the divider 2205
having the constant integer division factor N on the feedback
path is not arranged to calibrate or compensate the frequency
drift generated due to the oscillator 205. The PLL 220 is not
arranged to calibrate the frequency drift generated due to the
oscillator 205.

[0022] Inaddition, as shownin FIG. 2, FIG. 2 discloses and
depicts the circuit structure of frequency synthesizer 210.
That is, the operation of the fractional divider 215 is not
limited to adjusting the division factor NF by referring to the
at least one of the process variation information and the
temperature variation information. In another embodiment,
the fractional divider 215 can be arranged to adjust the divi-
sion factor NF by referring to other type information, to
calibrate/compensate the frequency drift of the oscillator 205,
and the PLL 220 is also arranged to receive the clock signal
CLK1 and synthesize the target clock signal CLK ., based
on the clock signal CLK1, so as to obtain the accurate fre-
quency of the target clock signal CLK ;. z. This modification
should obey the spirit of the present invention.

[0023] Please refer to FIG. 3, which is a block diagram of'a
clock generating apparatus 300 according to another embodi-
ment of the present invention. The embodiment of FIG. 3 is a
modification of the embodiment of FIG. 2. As shown in FIG.
3, the clock generating apparatus 300 comprises an oscillator
305 and a frequency synthesizer 310, and the frequency syn-
thesizer 310 comprises a divider 315 having a constant inte-
ger division factor N and a PLL 320. The PLL 320 comprises
aPFD 3201, CP 3202, LPF 3203, VCO 3204, and a fractional
divider 3205 having a division factor NF on the feedback path
of the PLL 320. The division factor NF is a positive value
having a decimal number. The divider 315 is arranged to
generate a clock signal CLK1 by using the constant division
factor N according to the reference clock signal CLK 5~
generated by the oscillator 305. The divider 315 is not
arranged to calibrate/compensate the frequency drift of the
oscillator 305 generated due to process variation or tempera-
ture variation. The PLL 320 is arranged to receive the clock
signal CLK1 and synthesize the target clock signal CLK ;.
based on the clock signal CLK1. The operation of the frac-
tional divider 3205 is similar to that of the fractional divider
1102 shown in FIG. 1. That is, the fractional divider 3205 is
arranged to adjust the division factor NF by referring to the at



US 2016/0197599 Al

least one of the process variation information and the tem-
perature variation information (i.e. the process parameters or
the temperature parameters), to calibrate/compensate the fre-
quency drift of the oscillator 305, compensate the frequency
of the clock signal CLK1, and to obtain the accurate fre-
quency of the target clock signal CLK -, ». Detail description
is not described again for brevity. In other words, the PL.LI. 320
is arranged to adjust or compensate the division factor NF by
referring to the at least one of the process variation informa-
tion and the temperature variation information, so as to obtain
the accurate frequency of the target clock signal CLK ., and
outputting the target clock signal CLK ;. » as the output of the
clock generating apparatus 300. However, the circuit struc-
ture of the fractional divider 3205 is not limited to be the same
as that of the fractional divider 1102. Other circuit structures
capable of providing division factor adjustment shall be also
applicable. The operation of the fractional divider 3205 is not
limited to adjusting the division factor NF by referring to the
at least one of the process variation information and the
temperature variation information. In another embodiment,
the fractional divider 3205 can be arranged to adjust the
division factor NF by referring to other type information, to
calibrate/compensate the frequency drift of the oscillator 305,
s0 as to obtain the accurate frequency of the target clock
signal CLK ;. This modification should obey the spirit of
the present invention.

[0024] In addition, in the above embodiments, for an
optional design, a multiplexer may be employed to select one
from an internal clock signal and an external clock signal. The
employed multiplexer can be placed between an oscillator
and a divider. For example, the multiplexer may be placed
between the oscillator 205 and the fractional divider 215
shown in FIG. 2, and is arranged to receive an internal clock
signal (i.e. the signal CLK ) and an external clock signal
generated from an external oscillator. The output of the mul-
tiplexer is connected to the input of the fractional divider 215,
and the multiplexer can be used to select either the clock
signal CLK ;5. or the external clock signal as an output.
[0025] To solve the problem caused by the frequency drift
of the oscillator 105/205/305 under different conditions (the
proposed compensation scheme may be extended to compen-
sate conditions other than process and temperature varia-
tions), in the embodiments of the present invention, this is
achieved by adjusting the division factor NF of a fractional
divider without adjusting the oscillator 105/205/305. For
example, if the oscillator 105/205/305 is a L.C resonator, it is
not necessary to adjust inductors or capacitors included
within the LC resonator to calibrate the frequency drift; there-
fore the L.C resonator can be equipped with a fixed, not
switchable, capacitor array. Thus, a complex oscillator circuit
design is not required. The implementation becomes easier
due to digital processing.

[0026] Moreover, the clock generating apparatus 100/200/
300 can be a system-on-chip (SOC) circuit; that is, the clock
generating apparatus 100/200/300 can be installed on a single
integrated circuit chip. The need of an on-board external
crystal oscillator can then be eliminated for an electric sys-
tem. Cost of the external crystal components can be saved.
[0027] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be con-
strued as limited only by the metes and bounds of the
appended claims.
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What is claimed is:

1. A clock generating apparatus, comprising:

an oscillator, for generating a reference clock signal; and

a fractional divider, directly or indirectly coupled to the
oscillator, for receiving the reference clock signal and
outputting a target clock signal, wherein the target clock
signal is adjusted according to at least a process related
parameter and/or at least a temperature related param-
eter, wherein the fractional divider is an open-loop cir-
cuit.

2. The clock generating apparatus of claim 1, wherein the
fractional divider includes a phase control circuit having a
phase selector and a phase interpolator, wherein the phase
selector selects at least two phase shifts from different phase
characteristics generated based on the reference clock signal,
and the phase interpolator further interpolates the selected
phase shifts to generate the target clock signal.

3. The clock generating apparatus of claim 2, wherein the
phase control circuit further comprises:

a sigma-delta modulator (SDM) coupled to the phase
selector and the phase interpolator, for respectively con-
trolling the phase selector and the phase interpolator
based on the process related parameter and/or the tem-
perature related parameter.

4. The clock generating apparatus of claim 1, wherein the
fractional divider is incorporated or further coupled to a fre-
quency synthesizer.

5. The clock generating apparatus of claim 4, wherein the
frequency synthesizer includes a phase frequency detector,
and the target clock signal outputted from the fractional
divider is further inputted to the phase frequency detector.

6. The clock generating apparatus of claim 1, wherein the
fractional divider includes a digital processing block
arranged to determine a frequency division factor based on
the process related parameter and/or the temperature related
parameter.

7. The clock generating apparatus of claim 6, wherein he
digital processing block is arranged to select the process
related parameter from a set of process parameters and/or the
temperature parameter from a set of temperature related
parameters by referring to a current fabrication process or a
current temperature.

8. The clock generating apparatus of claim 7, further com-
prising:

a table recording the set of process related parameters

and/or the set of temperature related parameters.

9. The clock generating apparatus of claim 1, being
installed on a single integrated circuit chip.

10. The clock generating apparatus of claim 1, wherein the
oscillator includes a LC resonator.

11. A clock generating apparatus, comprising:

an oscillator, for generating a reference clock signal; and

a fractional divider, directly or indirectly coupled to the
oscillator, for receiving the reference clock signal and
outputting a target clock signal, wherein the target clock
signal is adjusted according to at least a process related
parameter and/or at least a temperature related param-
eter.

12. The clock generating apparatus of claim 11, wherein

the fractional divider is an open loop circuit.

13. The clock generating apparatus of claim 11, wherein
the fractional divider is not a PLL circuit.

14. The clock generating apparatus of claim 11, wherein
the fractional divider does not have a feedback path.
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15. The clock generating apparatus of claim 11, wherein
the fractional divider includes a phase control circuit having a
phase selector and a phase interpolator, wherein the phase
selector selects at least two phase shifts from different phase
characteristics generated based on the reference clock signal,
and the phase interpolator further interpolates the selected
phase shifts to generate the target clock signal.

16. The clock generating apparatus of claim 15, wherein
the phase control circuit further comprises:

a sigma-delta modulator (SDM) coupled to the phase
selector and the phase interpolator, for respectively con-
trolling the phase selector and the phase interpolator
based on the process related parameter and/or the tem-
perature related parameter.

17. The clock generating apparatus of claim 11, wherein
the fractional divider is incorporated or further coupled to a
frequency synthesizer.

18. The clock generating apparatus of claim 17, wherein
the frequency synthesizer includes a phase frequency detec-
tor, and the target clock signal outputted from the fractional
divider is further inputted to the phase frequency detector.

19. The clock generating apparatus of claim 11, wherein
the fractional divider includes a digital processing block
arranged to determine a frequency division factor based on
the process related parameter and/or the temperature related
parameter.

20. The clock generating apparatus of claim 11, being
installed on a single integrated circuit chip.

21. The clock generating apparatus of claim 11, wherein
the oscillator includes a LC resonator.

#* #* #* #* #*
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