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(57) ABSTRACT 
A clock generator includes a controllable clock source and a 
frequency hopping controller. The controllable clock Source 
generates a clock signal to a clock-driven device. The fre 
quency hopping controller controls the controllable clock 
Source to make the clock signal have at least one frequency 
transition from one clock frequency to another clock fre 
quency, wherein the controllable clock source stays in a fre 
quency-locked State during a time period of the at least one 
frequency transition. 
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APPARATUS AND METHOD FOR 
CONTROLLING CONTROLLABLE CLOCK 
SOURCE TO GENERATE CLOCK SIGNAL 

WITH FREQUENCY TRANSITION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. provi 
sional application No. 61/858,742, filed on Jul. 26, 2013 and 
incorporated herein by reference. 

BACKGROUND 

0002 The disclosed embodiments of the present invention 
relate to changing a clock frequency of a clock signal used by 
a clock-driven device, and more particularly, to an apparatus 
and method for controlling a controllable clock source to 
generate a clock signal with a frequency transition under a 
condition that the controllable clock source stays in a fre 
quency-locked state. 
0003. A memory device is a key component of an elec 
tronic device. For example, the memory device may include a 
dynamic random access memory (DRAM) used to buffer 
instructions and data. The computational workload of the 
electronic device is not always high. If the memory device is 
operated at a highest clock frequency under a normal mode, 
this would result in higher power consumption. The conven 
tional power management design may change the clock fre 
quency of the memory clock when the computational work 
load of the electronic device is lower than a threshold. The 
reduced clock frequency also enables the Supply Voltage to be 
reduced, which decreases power consumption and extends 
battery life (if the electronic device is a portable device pow 
ered by a battery). 
0004. In general, the memory clock is generated from a 
clock generator, such as a phase-locked loop (PLL). When the 
clock frequency of the memory device is allowed to be 
reduced, the memory controller controls the memory device 
to enter a self-refresh mode, and then adjusts the PLL so as to 
change the clock frequency of the memory clock. However, 
when an input of the PLL has a significant frequency change, 
the memory clock generated from the clock generator may 
fail to swiftly track the frequency variation of the PLL input. 
Thus, the PLL leaves a frequency-locked state. The genera 
tion of the memory clock is not stable until the PLL enters the 
frequency-locked State again. However, the PLL needs a 
period of time to enter the frequency-locked State again to 
provide a stable memory clock with the reduced clock fre 
quency. As a result, the system is unable to access the memory 
device before the PLL provides a stable memory clock with 
the reduced clock frequency and the memory device leaves 
the self-refresh mode. If there is a real-time task that needs to 
access the memory device at a moment that access of the 
memory device is unavailable due to frequency change, the 
real-time task fails to work normally, which may lead to 
system malfunction. 

SUMMARY 

0005. In accordance with exemplary embodiments of the 
present invention, an apparatus and method for controlling a 
controllable clock source to generate a clock signal with a 
frequency transition under a condition that the controllable 
clock source stays in a frequency-locked State are proposed to 
solve the above-mentioned problem. 
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0006. According to a first aspect of the present invention, 
an exemplary clock generator is provided. The exemplary 
clock generator includes a controllable clock source and a 
frequency hopping controller. The controllable clock Source 
is configured to generate a clock signal to a clock-driven 
device. The frequency hopping controller is configured to 
control the controllable clock source to make the clock signal 
have at least one frequency transition from one clock fre 
quency to another clock frequency, wherein the controllable 
clock Source stays in a frequency-locked State during a time 
period of the at least one frequency transition. 
0007 According to a second aspect of the present inven 
tion, an exemplary clock generating method is provided. The 
exemplary clock generating method includes: utilizing a con 
trollable clock source to generate a clock signal to a clock 
driven device; and controlling the controllable clock source to 
make the clock signal have at least one frequency transition 
from one clock frequency to another clock frequency, 
wherein the at least one frequency transition is controlled to 
prevent the controllable clock source from leaving a fre 
quency-locked State during a time period of the at least one 
frequency transition. 
0008 According to a third aspect of the present invention, 
an exemplary electronic device is provided. The exemplary 
electronic device includes a memory controller and a proces 
sor. The memory controller is configured to control access of 
a memory device. The processor is configured to perform a 
calibration operation to find a first setting range of a memory 
controller parameter under a first clock frequency of the 
memory device, find a second setting range of the memory 
controller parameter under a second clock frequency of the 
memory device, and determine a calibrated setting of the 
memory controller parameter according to an overlapped 
range of the first setting range and the second setting range. 
0009. According to a fourth aspect of the present inven 
tion, an exemplary electronic device is disclosed. The exem 
plary electronic device includes a processor and a clock gen 
erator. The processor is configured to perform a calibration 
operation to find a skew value between a data strobe (DQS) 
signal and a clock signal of a memory device. The clock 
generator has a controllable clock source and a frequency 
hopping controller. The controllable clock source is config 
ured to generate the clock signal to the memory device. The 
frequency hopping controller is configured to control fre 
quency hopping of the controllable clock Source according to 
the skew value. 
0010. 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 

0011 FIG. 1 is a block diagram illustrating an electronic 
device according to an embodiment of the present invention. 
0012 FIG. 2 is a diagram illustrating dynamic frequency 
Scaling with frequency hopping controlled by the frequency 
hopping controller shown in FIG. 1. 
0013 FIG. 3 is a diagram illustrating spread spectrum 
clocking with frequency hopping controlled by the frequency 
hopping controller shown in FIG. 1. 
0014 FIG. 4 is a flowchart illustrating a boot-time calibra 
tion operation according to an embodiment of the present 
invention. 
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DETAILED DESCRIPTION 

0015 Certain terms are used throughout the description 
and following claims to refer to particular components. As 
one skilled in the art will appreciate, manufacturers may refer 
to a component by different names. This document does not 
intend to distinguish between components that differ in name 
but not function. In the following description and in the 
claims, the terms “include and “comprise' are used in an 
open-ended fashion, and thus should be interpreted to mean 
“include, but not limited to . . . . Also, the term “couple' is 
intended to mean either an indirect or direct electrical con 
nection. Accordingly, if one device is coupled to another 
device, that connection may be through a direct electrical 
connection, or through an indirect electrical connection via 
other devices and connections. 
0016. The key idea is to make a memory device (e.g., 
DRAM or any other memory device driven by a clock) still 
accessible to a system when a clock generator is changing a 
clock frequency of the memory device. For example, a fre 
quency hopping scheme may be employed by the clock gen 
erator to generate a clock signal having a piecewise/smooth 
frequency transition. As the frequency hopping scheme can 
prevent the clock generator from leaving a frequency-locked 
state, the clock generator is capable of outputting a fre 
quency-locked clock signal. In addition, the internal clock 
circuitry of the memory device is able to track the frequency 
variation of the clock signal generated from the clock genera 
tor, Such that the memory device can work normally during 
the frequency change period. In this way, the real-time tasks 
would work normally during the procedure of changing the 
clock frequency of the memory clock. Preferably, the reduced 
clock frequency may also enable the Supply Voltage to be 
reduced, which achieves better power saving performance. 
Further details of technical features of the present invention 
are described as below. 
0017 FIG. 1 is a block diagram illustrating an electronic 
device according to an embodiment of the present invention. 
By way of example, but not limitation, the electronic device 
100 may be a mobile phone using the proposed frequency 
hopping scheme to change a memory clock frequency for 
power saving. The electronic device 100 can also be a tablet, 
wearable device, notebook or any other electronic device 
having or being coupled to a memory device. As shown in 
FIG. 1, the electronic device 100 may include a processor 
102, a memory controller 104 and a memory device (e.g., 
DRAM or any other memory device driven by a clock) 106. 
The memory controller 104 may include a control core 107 
and a clock generator 108. The memory controller 104 may be 
configured to control access (i.e., read and write) of the 
memory device 106. Hence, the processor 102 may issue a 
read request to the memory controller 104 for reading stored 
data from a read address of the memory device 106, and issue 
a write request to the memory controller 104 for writing input 
data to a write address of the memory device 106. It should be 
noted that FIG. 1 only shows circuit components pertinent to 
technical features of the present invention. In practice, the 
electronic device 100 may include additional circuit compo 
nents to achieve its designated functionality. 
0018. The control core 107 of the memory controller 104 
may be responsible for serving read requests and write 
requests issued from other circuit components (e.g., proces 
sor 102) in the electronic device 100. Specifically, the control 
core 107 may communicate with the memory device 106 via 
data signals, address and command signals and control sig 
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nals. For example, the data signals may include a data strobe 
(DQS) signal, a data strobe complement (DQSH) signal, a 
data (DQ) signal, etc. The address and command signals may 
include a bank address (BA) signal, an address (ADDR) 
signal, and command inputs such as a row address strobe 
(RAS) signal, a column address Strobe (CAS) signal, a write 
enable (WE) signal, etc. The control signals may include a 
clock enable (CKE) signal, a chip select (CS) signal, an 
on-die termination (ODT) signal, etc. As a person skilled in 
the art should readily understand details of above-mentioned 
signals, further description is omitted here for brevity. 
0019. The memory device 106 may be a clock-driven 
device, and thus requires a clock signal CK to perform its 
designated functionality. In this embodiment, the clock gen 
erator 108 may include a frequency hopping controller 112 
and a controllable clock source 114. The frequency hopping 
controller 112 is shown as part of the memory controller 104. 
However, this is not meant to be a limitation of the present 
invention. Alternatively, the frequency hopping controller 
112 maybe implemented in a different circuit block, such as a 
baseband (BB) chip. That is, the frequency hopping controller 
112 may be an external component of the memory controller 
104. Hence, the clock generator 108 proposed by the present 
invention may be configured to include an internal compo 
nent of the memory controller 104 (e.g., controllable clock 
Source 114) and an external component of the memory con 
troller 104 (e.g., frequency hopping controller 112). This 
alternative design also falls within the scope of the present 
invention. In the following, technical features of the proposed 
clock generator 108 are detailed based on the exemplary 
architecture shown in FIG. 1. 

0020. The controllable clock source 114 maybe config 
ured to generate the clock signal CK to the memory device 
106. For example, the controllable clock source 114 maybe 
implemented using a phase-locked loop (PLL) which acts as 
a frequency synthesizer. The frequency hopping controller 
112 maybe coupled to the controllable clock source 114, and 
may be configured to control the controllable clock Source 
114 to set the clock frequency of the clock signal CK. When 
the computational workload of the electronic device 100 is 
low, the clock signal CK may be controlled to have a reduced 
clock frequency for power saving. In this case, the frequency 
hopping controller 112 may be operative to make the clock 
signal CK have at least one frequency transition from one 
clock frequency (e.g., a highest clock frequency Supported by 
the memory device 106) to another clock frequency (e.g., a 
lower clock frequency supported by the memory device 106), 
wherein the controllable clock source 114 stays in a fre 
quency-locked State during a time period of the at least one 
frequency transition. As the frequency hopping controller 112 
can prevent the controllable clock source 114 from leaving 
the frequency-locked state, the controllable clock source 114 
does not need to spend additional time on re-entering the 
frequency-locked State to generate a frequency-locked clock. 
0021. In one exemplary frequency hopping design, the 
frequency hopping controller 112 maybe configured to 
employ dynamic frequency scaling (DFS) to control a fre 
quency transition of the clock signal CK. FIG. 2 is a diagram 
illustrating DFS with frequency hopping controlled by the 
frequency hopping controller 112 shown in FIG. 1. The fre 
quency transition from a current clock frequency F to a 
target clock frequency F may be a Smooth frequency tran 
sition as represented by the characteristic curve CV1 with a 
constant slope. To speedup the frequency transition from the 
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current clock frequency F to the target clock frequency 
F, the clock signal CK may be controlled by DFS to have a 
piecewise frequency transition as represented by the charac 
teristic curve CV2 with different slopes. In this example, the 
absolute value of the initial slope is set by a large value to 
quickly change the clock frequency in a short time, thus 
shortening the processing time needed for changing the clock 
frequency from F, to F. It should be noted that the initial 
slope should be properly controlled to keep the controllable 
clock Source 114 still staying in the frequency-locked State. 
Next, the absolute value of the slope is gradually reduced to 
make the clock frequency approach F without undesired 
overshoot. During a period in which the clock frequency 
changes with time, the frequency hopping controller 112 can 
prevent the clock frequency from having a Sudden frequency 
jump that exceeds a frequency variation threshold, thereby 
keeping the controllable clock source 114 staying in the fre 
quency-locked state. 
0022. It should be noted that any of the smooth frequency 
transition or the piecewise frequency transition should be 
properly controlled to ensure that the controllable clock 
source 108 stays in the frequency-locked state. FIG. 2 illus 
trates a Smooth/piecewise frequency transition from a low 
clock frequency to a high clock frequency. However, the same 
DFS-based frequency hopping concept may be employed by 
the frequency hopping controller 112 to make the clock signal 
CK have a Smooth/piecewise frequency transition from a high 
clock frequency to a low clock frequency. Further description 
is omitted here for brevity. 
0023. In another exemplary frequency hopping design, the 
frequency hopping controller 112 may be configured to 
employ spread spectrum clocking (SSC) to control consecu 
tive frequency transitions of the clock signal CK. FIG. 3 is a 
diagram illustrating SSC with frequency hopping controlled 
by the frequency hopping controller 112 shown in FIG.1. The 
frequency hopping controller 112 may apply a free-run mode 
control to the controller clock source 114, such that the clock 
signal CK changes its clock frequency back and forth 
between a first clock frequency F and a second clock fre 
quency F. In other words, the clock frequency of the clock 
signal CK gradually moves from the first clock frequency F. 
to the second clock frequency F and gradually moves from 
the second clock frequency F to the first clock frequency F. 
alternatively. In this embodiment, the second clock frequency 
F is the highest clock frequency Supported by the memory 
device 106, and the first clock frequency F is generated by 
modulating the second clock frequency F based on a triangle 
waveform. For example, when the SSC amplitude is set by 
8%, F=(1-8%)*F. 
0024. In a first scenario, the frequency hopping controller 
112 may control the controllable clock source 114 to make the 
clock signal CK have a frequency transition when a clock 
enable (CKE) control signal of the memory device 106 is 
asserted (i.e., CKE=1). Thus, the DFS/SSC processing of the 
clock signal CK is performed in the background so the 
memory device 106 can still be accessed at run-time. As the 
frequency hopping controller 112 prevents the controllable 
clock source 114 from leaving the frequency-locked State, the 
clock frequency of the clock signal CK does not have a 
significant frequency change, thus allowing the internal clock 
circuitry of the memory device 106 to swiftly track the fre 
quency variation of the clock signal CK. In this way, the 
memory device 106 can still operate normally during the 
frequency change period. For example, the memory device 
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106 may be a DRAM, and the clock signal CK may be 
controlled to have a frequency transition from 1600 MHz to 
1066 MHz for power saving. 
0025. Further, the memory controller 104 may use the 
same set of memory timing parameters when the clock signal 
CKof the memory device 106 has a transition from one clock 
frequency to another clock frequency. In one exemplary 
design, a boot-time calibration operation may be performed 
by the processor 102 to calibrate at least one memory con 
troller parameter when the electronic device 100 is booted up, 
and a run-time tracking operation may be performed by the 
memory controller 104 to dynamically adjust the at least one 
memory controller parameter when the clock frequency of 
the clock signal CK is being adjusted by the proposed fre 
quency hopping scheme. For example, the memory controller 
parameters checked by the boot-time calibration operation 
may include a data strobe (DQS) gating window and a data 
latch (DATLAT) time. In addition, the boot-time calibration 
operation may further check inherent characteristics of the 
memory device 106, such as a skew valuetosk between the 
data strobe (DQS) signal and the clock signal CK of the 
memory device 106. 
0026 FIG. 4 is a flowchart illustrating a boot-time calibra 
tion operation according to an embodiment of the present 
invention. Provided that the result is substantially the same, 
the steps are not required to be executed in the exact order 
shown in FIG. 4. Besides, one or more steps may be omitted 
according to different embodiments of this invention. For 
example, a portion or all of steps 406, 410 and 414 maybe 
omitted in some embodiments. The boot-time calibration 
operation maybe performed by the processor 102 running 
program codes of a calibration Software module, and may be 
briefly summarized as below. 
(0027 Step 402: The electronic device 100 is booted up. 
0028 Step 404: Find a first setting range of the DQS gating 
window under a first clock frequency of the memory device 
106. For example, the first clock frequency is a lowest clock 
frequency of a frequency transition of the clock signal CK, or 
a clock frequency lower than a nominal clock frequency of the 
memory device 106. 
(0029 Step 406: Find a first setting range of the DATLAT 
time under the first clock frequency of the memory device 
106. 

0030 Step 408: Find a second setting range of the DQS 
gating window under a second clock frequency of the 
memory device 106. For example, the second clock fre 
quency is a highest clock frequency of the frequency transi 
tion of the clock signal CK, or a highest clock frequency (i.e., 
a nominal clock frequency) Supported by the memory device 
106. 

0031 Step 410: Find a second setting range of the DAT 
LAT time under the second clock frequency of the memory 
device 106. 

0032 Step 412: Determine a calibrated setting of the DQS 
gating window according to an overlapped range of the first 
setting range of the DQS gating window and the second 
setting range of the DQS gating window. 
0033 Step 414: Determinea calibrated setting of the DAT 
LAT time according to an overlapped range of the first setting 
range of the DATLAT time and the second setting range of the 
DATLAT time. 

0034 Step 416: Find the skew value t'2' between the 
data strobe (DQS) signal and the clock signal CK of the 
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memory device 106. For example, the skew valuetosk may 
be evaluated under the second clock frequency of the memory 
device 106. 
0035. In step 412, an overlapped range of the first setting 
range of the DQS gating window and the second setting range 
of the DQS gating window may be checked to fine tune the 
setting of the DQS gating window. In this way, the calibrated 
setting of the DQS gating window is capable of meeting the 
requirement of eliminating signal noise and/or undesirable 
signal regions of the DQS signal generated under any of the 
first clock frequency and the second clock frequency. 
0036. In step 414, an overlapped range of the first setting 
range of the DATLAT time and the second setting range of the 
DATLAT time is checked to fine tune the setting of the DAT 
LAT time. In this way, the calibrated setting of the DATLAT 
time is capable of meeting the read data margin requirement 
of holding the read data coming from the memory device 106 
due to a read operation performed under any of the first clock 
frequency and the second clock frequency. 
0037. After the boot-time calibration operation is com 
pleted, the electronic device 100 may enter a normal mode to 
perform its designated functionality. Initially, the memory 
controller 104 may be configured based on the boot-time 
calibration result, and may generate the clock signal CK with 
the nominal clock frequency of the memory device 106 (i.e., 
the highest clock frequency Supported by the memory device 
106). When a condition of reducing the memory clock fre 
quency is met, the frequency hopping controller 112 may 
control the controllable clock source 114 to make the clock 
signal CK have the transition from the highest clock fre 
quency supported by the memory device 106 to a lower clock 
frequency supported by the memory device 106. Further, a 
run-time tracking mechanism is activated to dynamically 
adjust the memory controller parameters (e.g., DQS gating 
window and/or DATLAT time) during the time period of the 
frequency transition. This may enable the memory device 106 
to be correctly accessed in different clock frequencies. 
I0038. The skew value tos between the DQS signal and 
the clock signal CK of the memory device 106 may be refer 
enced by the frequency hopping controller 112 to control 
frequency hopping of the controllable clock source 114. In 
one embodiment, the frequency transition from one clock 
frequency to another clock frequency may be set based on the 
skew valuetosca. For example, when the skew value toosca. 
has a smaller value, the clock signal CK may be allowed to 
have a larger frequency transition from 1600 MHz to 1066 
MHz; and when the skew value toos has a larger value, the 
clock signal CK may only be allowed to have a smaller 
frequency transition from 1600 MHz to 1466 MHz. In other 
words, the skew value tos may be referenced by the fre 
quency hopping controller 112 to decide the frequency tran 
sition range, such that the memory device 106 can still work 
normally when the memory clock frequency is adjusted. 
I0039. In a worst case where the skew valuetoskis larger 
than a predetermined threshold, the frequency hopping func 
tion may be disabled. For example, the frequency hopping 
controller 112 may be further configured to compare the skew 
value tosk with the predetermined threshold, and disable 
the frequency hopping of the controllable clock source 114 
when a comparison result indicates that the skew value 
trosck is larger than the predetermined threshold. 
0040. In above embodiments, frequency hopping of the 
controllable clock source 114 is active when the clock enable 
(CKE) control signal of the memory device 106 is asserted 
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(i.e., CKE=1). Further, the frequency hopping of the control 
lable clock source 114 may beactive when the low-active chip 
select (CS) signal is asserted (i.e., CS=O). 
0041. The memory device 106 is allowed to be accessed 
during the frequency change period. If there is a real-time task 
that needs to access the memory device 106 at this moment, 
the real-time task can work normally. However, this is for 
illustrative purposes only, and is not meant to be a limitation 
of the present invention. In an alternative design, the fre 
quency hopping controller 112 may control the controllable 
clock source 114 to make the clock signal CK have a fre 
quency transition when the clock enable (CKE) control signal 
of the memory device 106 is de-asserted (i.e., CKE=0). This 
also falls within the scope of the present invention. 
0042. In above embodiments, the clock generator 108 is 
implemented in the electronic device 100 to provide the clock 
signal CK to the memory device (e.g., DRAM or any other 
memory device driven by a clock) 106. However, this is not 
meant to be a limitation of the present invention. Any elec 
tronic device using the proposed clock generator 108 to pro 
vide a clock signal to a clock-driven device falls within the 
Scope of the present invention. 
0043. 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. 
What is claimed is: 
1. A clock generator, comprising: 
a controllable clock source, configured to generate a clock 

signal to a clock-driven device; and 
a frequency hopping controller, configured to control the 

controllable clock source to make the clock signal have 
at least one frequency transition from one clock fre 
quency to another clock frequency, wherein the control 
lable clock source stays in a frequency-locked State dur 
ing a time period of the at least one frequency transition. 

2. The clock generator of claim 1, wherein the clock-driven 
device is a memory device. 

3. The clock generator of claim 2, wherein the frequency 
hopping controller controls the controllable clock source to 
make the clock signal have the at least one frequency transi 
tion when a clock enable (CKE) control signal of the memory 
device is asserted. 

4. The clock generator of claim 2, wherein the frequency 
hopping controller controls the controllable clock source to 
make the clock signal have the at least one frequency transi 
tion when a clock enable (CKE) control signal of the memory 
device is de-asserted. 

5. The clock generator of claim 1, wherein the frequency 
hopping controller is configured to employ dynamic fre 
quency Scaling (DFS) to control the at least one frequency 
transition of the clock signal. 

6. The clock generator of claim 1, wherein the frequency 
hopping controller is configured to employ spread spectrum 
clocking (SSC) to control the at least one frequency transition 
of the clock signal. 

7. A clock generating method, comprising: 
utilizing a controllable clock Source to generate a clock 

signal to a clock-driven device; and 
controlling the controllable clock source to make the clock 

signal have at least one frequency transition from one 
clock frequency to another clock frequency, wherein the 
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at least one frequency transition is controlled to prevent 
the controllable clock source from leaving a frequency 
locked State during a time period of the at least one 
frequency transition. 

8. The clock generating method of claim 7, wherein the 
clock-driven device is a memory device. 

9. The clock generating method of claim 8, wherein the 
step of controlling the controllable clock source to make the 
clock signal have the at least one frequency transition is 
performed when a clock enable (CKE) control signal of the 
memory device is asserted. 

10. The clock generating method of claim 8, wherein the 
step of controlling the controllable clock source to make the 
clock signal have the at least one frequency transition is 
performed when a clock enable (CKE) control signal of the 
memory device is de-asserted. 

11. The clock generating method of claim 7, wherein the 
step of controlling the controllable clock source to make the 
clock signal have the at least one frequency transition com 
prises: 

employing dynamic frequency scaling (DFS) to control the 
at least one frequency transition of the clock signal. 

12. The clock generating method of claim 7, wherein the 
step of controlling the controllable clock source to make the 
clock signal have the at least one frequency transition com 
prises: 

employing spread spectrum clocking (SSC) to control the 
at least one frequency transition of the clock signal. 

13. An electronic device, comprising: 
a memory controller, configured to control access of a 
memory device; and 

a processor, configured to perform a calibration operation 
to find a first setting range of a memory controller 
parameter under a first clock frequency of the memory 
device, find a second setting range of the memory con 
troller parameter under a second clock frequency of the 
memory device, and determine a calibrated setting of the 
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memory controller parameter according to an over 
lapped range of the first setting range and the second 
Setting range. 

14. The electronic device of claim 13, wherein the memory 
controller parameter is a data strobe (DQS) gating window. 

15. The electronic device of claim 13, wherein the memory 
controller parameter is a data latch (DATLAT) time. 

16. An electronic device, comprising: 
a processor, configured to perform a calibration operation 

to find a skew value between a data strobe (DQS) signal 
and a clock signal of a memory device; and 

a clock generator, comprising: 
a controllable clock source, configured to generate the 

clock signal to the memory device; and 
a frequency hopping controller, configured to control 

frequency hopping of the controllable clock source 
according to the skew value. 

17. The electronic device of claim 16, wherein the fre 
quency hopping controller is configured to set a frequency 
transition from one clock frequency to another clock fre 
quency according to the skew value, and control the control 
lable clock source to make the clock signal have the frequency 
transition. 

18. The electronic device of claim 17, wherein the fre 
quency hopping controller is configured to employ dynamic 
frequency Scaling (DFS) to control the frequency transition of 
the clock signal. 

19. The electronic device of claim 17, wherein the fre 
quency hopping controller is configured to employ spread 
spectrum clocking (SSC) to control the frequency transition 
of the clock signal. 

20. The electronic device of claim 16, wherein the fre 
quency hopping controller is configured to compare the skew 
value with a predetermined threshold, and disable the fre 
quency hopping of the controllable clock source when a com 
parison result indicates that the skew value is larger than the 
predetermined threshold. 
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