| DRAM OPERATION FREQUENCY ADJUSTING SYSTEM AND METHOD
Technical Field The invention relates to Dynamic Random-Access Memory
(DRAM) technology, more particularly té an operation frequency adjusting
system for DRAM and a method thereof. Technology Background DRAM is a
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intervals so as to retain date storedMIIETEIODe refreshment is operated by

a DRAM controller. The refreshment of DRAM may consume a relative large
amount of electric energy, which requires that batteries of DRAM should
lké?:h%mﬂi‘ &city. As a typical system on chip (SOC), a multimedia system

on chip includes a plurality of functional modules, such as processor,
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multimedia system on chip, difference in requirements of bandwidth of the
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DRAM should have high capacity.

As a typical system on chip (SOC), a multimedia system on chip includes
a plurality of functional modules, such as processor, hardware accelerator, and
so on. The functional modules operate independently and access to various
memory devices. Because of that some of the functional modules of the
multimedia system on chip store their data on an external DRAM during data
processing, as to a complicated multimedia system on chip, difference in
requirements of bandwidth of the DRAM for different tasks may be rather big.
For example, during display processes for high-definition streaming media
files, the multimedia system on chip requires the processor and the hardware
accelerator to run at full speed. However, during playing MP3, operations and
the desired bandwidth of DRAM decrease shortly. Thus, the requirement on
power consumption of the multimedia system-on-chip is raised.

Those conventional multimedia systems on chip pre-configure operation
frequency of DRAM only at some special intervals, for example, at the start

time of the system, without consideration for different features of those tasks.



It is difficult to achieve an appreciate balance between efficiency and power
consumption of DRAM. Thus, an urgent technology problem needed to be
solved by those skilled in the art is how%o provide a method for adjusting
operation frequency of DRAM so as to achieve an appreciate balance
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solutldH adfisivger %@raﬁéﬁgyea&&@%flm&m tenBeaso &M bypetagprkilled

iff THESRRY RYHHEW ‘68@2:6@‘?&0'53?1%@8@%9 %ﬁ@gﬁ%g@g@ﬁ’&ﬁoﬁeﬁ\é@%nw of
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he count of the effective operation statuses of DRAM; and a frequency
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3 To solve the above technical problem, the present invention provides a
DRAM operation frequency adjusting system including:

a statistic module counting effective operation statuses of DRAM during a
predetermined time interval;

a parameter configuration module generating a target operation frequency
according to the count of the effective operation statuses of DRAM; and

a frequency switch controller switching the present operation frequency of
DRAM to the target operation frequency.

The present invention also provides a DRAM operation frequency
adjusting method including:

counting effective operation statuses of DRAM during a predetermined
time interval to obtain a bandwidth utilization rate of DRAM at a present
operation frequency;

generating a target operation frequency when the bandwidth utilization
rate of DRAM is not adapted to a present application environment; and

switching the present operation frequency of DRAM to the target operation

frequency.



Compared with prior arts, the invention has advantages presented as follows.
In the invention, a bandwidth utilization rate of DRAM at a present operation
frequency can be obtained by counting éffective operation statuses of DRAM
during a predetermined time interval. When the bandwidth utilization rate of

DR is not adapied to the present application environment, the presen
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DRAWINGS FIG. 1 is a schematic block diagram showing an example ofa
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram showing an example of a DRAM
operation frequency adjusting system,;

FIG. 2 shows several operation statuses of DRAM;

FIG. 3 is a schematic diagram showing an example of a statistic module.

FIG. 4 is a schematic diagram showing an example of a parameter
configuration module.

FIG. 5 is a schematic diagram showing another example of a DRAM
operation frequency adjusting system,;

FIG. 6 is a time sequence chart of operation of DRAM.

FIG. 7 is a schematic diagram showing another example of a parameter
configuration module.

FIG. 8 is a schematic diagram showing an example of a frequency switch

controller.

FIG. 9 is a schematic diagram showing an example of a DRAM controller.



FIG. 10 is a flowchart showing an example of a DRAM operation frequency
adjusting method. EMBODIMENTS The detailed description of the present
invention is presented largely according to drawings and preferred
embodiments to explain objections, features, and advantages of the present

inveption..Referring to,FIG. 1, a schematic block dia a DRAM
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present operation frequency of DRAM to the target operation frequency.
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The parameter configuration module 12 generates a target operation
frequency adapted to a present application environment according to the count of
the effective operation statuses of DRAM.

The frequency switch controller 13 switches the present operation frequency
of DRAM to the target operation frequency.

In factual implement, the statistic module 11 can count various effective
operation statuses of DRAM during a predetermined time interval, and calculate
the bandwidth utilization rate of DRAM at the present operation frequency during
the predetermined time interval according to the count of the effective operation
statuses of DRAM.

The operation statuses of DRAM are determined by data access commands.
The data access commands are generated by a finite state machine 910 of a
DRAM controller 91 of DRAM. Referring to FIG. 2, corresponding to the

data access commands, operation statuses of the finite state machine 910 generally

include idle (IDLE), pre-charge (PRE), acting (ACT), reading (READ), writing



(WRIT), and so on. Thus, the count of the effective operation statuses of
DRAM can be obtained by counting non-idle operation statuses of the finite
state machine 910. The statistic module 11 obtains a real-time bandwidth
utilization rate of DDRAM by counting the non-idle operation statuses of the
Tgll ate _machine 910 during,a predeternmined timge interval so as to
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operating efficiency and power consumption of DRAM is achieved by adjusting
the operation frequency of DRAM in real time based on the dynamic count of
the bandwidth utilization rate of DRAM.

Referring to FIG. 3, in a preferred embodiment, the statistic module 11
includes an effective operation status statistic sub-module 111 and an interruption
control module 112.

The effective operation status statistic sub-module 111 counts the non-idle
operation statuses of the finite state machine 910 during the predetermined time
interval so as to obtain the operation statuses of DRAM. The non-idle operation
statuses of the finite state machine 910 include pre-charge (PRE), acting (ACT),
reading (READ), writing (WRIT), and so on, which are respectively
corresponding to various data access commands of DRAM.

The interruption control module 112 generates an interruption signal for

adjusting the operation frequency of DRAM according to the bandwidth



utilization rate of DRAM at the present operation frequency. The interruption
signal includes a first interruption signal and a second interruption signal. The
interruption control module 112 generatés the first interruption signal
denoting that the operation frequency of DRAM is desired to decrease, when

he present bangwj ilization rate of DRAM is lower than a desired .
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count. result adding up all non-idle operation statuses of the finite stat
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1113 when the time count result of the time counter 1112 is equal to the 7
and clears its time count result at the end of the predetermined time interval.

The status counter 1113 counts the non-idle operation statuses of the finite
state machine 910 in real time during the predetermined time interval, copies its
own status count to the status accumulation register 1114 and simultaneously
clears its own status count when the time count result of the time counter 1112 is
equal to the predetermined time interval set in the time interval register 1110.
That is, the status count of the status counter 1113 varies with time in the
predetermined time interval. The status count of the status counter 1113 at the
time when the time count result of the time counter 1112 is equal to the
predetermined time interval set in the time interval register 1110, is a status count
result adding up all non-idle operation statuses of the finite state machine 910
during the predetermined time interval.

The status accumulation register 1114 saves the status count from the status

counter 1113 when the time count result of the time counter 1112 is equal to the



predetermined time interval set in the time interval register 1110. The
bandwidth utilization rate of DRAM in the predetermined time interval can be
determined by the status count saved ir the status accumulation register
1114. The interruption control module 112 further includes an interruption

threshold.value reqgister 1121 and an jnterruption ontro{lin jh ic dule .
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includes a first configuration unit 1211
count result in the status accumulation register 1114 at the end of the

predetermined time interval, and generates a first interruption signal denoting that
the operation frequency of DRAM is desired to decrease if the bandwidth
utilization rate of DRAM at the present operation frequency is lower than a
desired value. The second interruption control module 1123b determines
whether the bandwidth utilization rate of DRAM at the present operation
frequency is higher, according to the status count of the status counter 1113 in the
predetermined time interval and the threshold value, and generates a second
interruption signal denoting that the operation frequency of DRAM is desired to
increase if the bandwidth utilization rate of DRAM at the present operation
frequency exceeds the threshold value.

Correspondingly, referring to FIG. 4, the parameter configuration module
12 includes a target frequency configuration sub-module 121. The target

frequency configuration sub-module 121 includes a first configuration unit 1211



generating a target operation frequency lower than the present operation
frequency of DRAM according to the first interruption signal and a second
configuration unit 1212 generating a tarjet operation frequency higher than
the present operation frequency of DRAM according to the second
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FIG. 2 shows several operation statuses of DRAM. Those operation
statuses except the status of IDLE can be considered as the effective operation
status, i.e., the non-idle operation statuses. Assuming that the present
operation frequency of DRAM is assumed to be 160 MHz and that the status
count in the status counter 1113 during one second should be 80 millions, the
bandwidth utilization rate of DRAM at the present operation frequency should
be (80/160)*100%, i.e., 50%.

For example, the present operation frequency of DRAM is 120 MHz.
DRAM employs 16 bit SDRAM as its memory. The bandwidth utilization rate
of DRAM obtained by the statistic module 11 is 20%. Thus, the effective
bandwidth of DRAM should be 120*16*20% Mbps, i.e., 384 Mbps. The

bandwidth utilization rate 20% can be considered steady if nothing has changed in

the application environment. If the bandwidth utilization rate 60% is more



appropriate, the interruption control module 112 sends out the first
interruption signal, the parameter configuration module 12 then sets the
target operation frequency of DRAM to 384/16/60% MHz, i.e., 40 MHz. The
frequency switch controller 13 adjusts the operation frequency of DRAM to
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frequency adjusting system 100 further includes a clock control module 15.
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frequency of DRAM to (40*16*80%)/16/40% MHz, i.e., 80 MHz. The

frequency switch controller 13 adjusts the operation frequency of DRAM to 80

MHz. As such, the efficiency of DRAM has improved.

Referring to FIG. 5, in order to present data from being lost during
adjusting the operation frequency of DRAM, in the present embodiment, the
DRAM operation frequency adjusting system 100 further includes a clock control
module 15. The clock control module is configured for enabling DRAM to
refresh according to an internal clock while the frequency switch controller 13 is
under operation and enabling DRAM to refresh according to a system clock after
the operation of the frequency switch controller 13 is finished.

In factual application, the refreshment of DRAM can divided into two
classes including Auto Refresh (AR) and Self Refresh (SR). Accordingly,

DRAM has two operation modes including an AR mode and an SR mode. In

the AR mode, DRAM refreshes under the system clock. In the SR mode,



DRAM refreshes not depending on the system clock but upon the internal
clock. When DRAM is in the SR mode, the system clock is not necessary, so
the adjustment of the system clock, i.e.'%he adjustment of the operation
frequency of DRAM from the present operation frequency to the target

ration frequency, can be carried out in the SR mode. After DRAM quits
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in FIG. 6, CLK is the system clock provided for DRAM. The frequency of
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operation frequency in SR mode keeps a good balance between the _
efficiRatsraing tie poines censanustionast DRAMrhowevdr INRAdt seemtinin FIG.
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checking parameter validating module 16. The sequence checking
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refresh interval of DRAM is 10 as, therefore, the sequence checking
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sequsacs cReskingat il outer signals are invalid except clock Enable signal
(CKE) and none of outer refresh instructions is necessary, the adjustment of
the operation frequency in SR mode keeps a good balance between the
efficiency and the power consumption of DRAM, however, without resulting
in the loss of data.

In order to ensure the system clock valid, the system clock can be
determined by a sequence checking parameter. The DRAM operation
frequency adjusting system 100 further includes a sequence checking parameter
validating module 16. The sequence checking parameter validating module
16 is configured for collecting a sequence checking parameter corresponding
to the target operation frequency.

Generally, the sequence checking parameter linearly relates to the
frequency of the system clock of DRAM. For example, assuming that the
refresh interval of DRAM is 10 us, therefore, the sequence checking parameter

should be set to 1000 at a frequency of 100 MHz, or the sequence checking



parameter should be set to 100 at a frequency of 10 MHz. The clock control
module 15 and the sequence checking parameter validating module 16 can
be set in the DRAM controller 91 or out Bf the DRAM controller 91. Referring
to FIG. 7, the parameter configuration module 12 further includes a

Hleguency swigh isauest sqnfiauraiion madule 123 sapjigyred for seting a

equency switch request signal w ue denot%hg invalid, a

hand3twakingckigraheaslfighotios modulad 2theortigueert éor @rndiatingparameter
handshaking signal with a default value denoting invalid, and a sequence
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T9RNEVRLG, JLeNee checking parameters for the operation frequencies of
DRAM. Referring to FIG. 8, the frequency switch controller 13 includes a

freqiRefeyrswitch FéGUEA! denpaatimg teroctuldi § Biatapfraqudnby Bijustinemincludes
module 133, and an invalid request configuration module 135. The frequency
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finishes the frequency adjustment. Referring to FIG. 9, the DRAM controller
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module 913, a sequence checking parameter validation module 914,
a self refresh quitting module 915, and a handshaking signal sleeping
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ta first 12
s?wlitc% {request generating module 131, a frequency adjustment module 133, and an
invalid request configuration module 135.

The frequency switch request generating module 131 is configured for
generating a frequency switch request signal and setting the frequency switch
request signal to valid.

The frequency adjustment module 133 is configured for switching the present
operation frequency of DRAM to the target operation frequency according to a
valid handshaking signal.

The invalid request configuration module 135 is configured for enabling the
frequency switch request signal to return to invalid after the frequency adjustment
module 133 finishes the frequency adjustment.

Referring to FIG. 9, the DRAM controller 91 further includes a self refresh
control module 912, a handshaking signal waken module 913, a sequence
checking parameter validation module 914, a self refresh quitting module 915,

and a handshaking signal sleeping module 916.

The self refresh control module 912 is configured for sending out a first



controlling command, which requests DRAM to refresh under the internal
clock, according to a valid frequency switch request signal. The handshaking
signal waken module 913 is configured fér setting the handshaking signal to
valid after the first controlling command being sent out. The sequence

GFekinapaaneieqalfiatonmodyie Sid srepniguret! (eneoleeingd . ciock,
seguenceé checking parameter corresponding to the target operation

ateardEAgtovhenlidefreudandys aitehreemeest gigarl return invalid. The self
refresh quitting module 915 is configured for determining the system clock

accorbhd't e ddggeniiahetlig paratietePaddiserpigRdied deecirdting the
AR A s e e g e o

resefiing toe uearndshhkirlg sgymalrtminvatid aftdathensecoddl eopirbllingconfigured
commgnd being sent out. In qrdey to avoid the loss of data during the
f%q?féﬁ%?&b@u&n?&@%‘ﬁ&%ﬁ#ﬂ@%é’&ﬁ%ﬁ%lfé(?fﬁ?é%?é[f&%bw the target
dg@i‘é@lﬁﬁi _ﬁg@ﬂ%ﬁ%‘?“@fﬂe‘ﬂtﬂ{é@@@ﬁe‘i‘[@ﬁ E@i%@@@ﬁ@%ﬁ@lﬁ?&@%ﬁﬁ%ﬂ%ﬁd.
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requency tment. As such, ata 1s avoide
onequency adjustment. Because of that all outer signals are invalid except
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a data request interruption module 917 configured for executing those
existing data requests and stopping answering new data requests after receiving a
valid frequency switch request signal but before the first controlling command
being sent out; and

a data request execution module 918 configured for accepting new data
requests after the handshaking signal return invalid.

In factual, the DRAM controller 91 accepts external data requests. The
DRAM controller 91 can execute all the data requests that have been received by
DRAM controller 91, but stop answering new data requests, i.e., stop function
modules of chips accessing DRAM, before the frequency adjustment. As such,
the loss of data is avoided during the frequency adjustment.

Because of that all outer signals are invalid except Clock Enable Signal
(CKE) when DRAM is in the self refresh mode, and no outer refresh

instruction is necessary, which may benefit improving the power consumption.



A working process of the DRAM operation frequency adjusting system 100
based on the above described preferred embodiments are presented to
enable those skilled in the art to most efffectively understand the substance
of the present invention. Assuming that the target frequency configuration
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In this situation, the process switching the present operation frequency of
DRAM to the target operation frequency includes following steps.

In the step S101, the frequency switch request generating module generates
a frequency switch request signal (csr), and the value of the frequency switch
request signal (csr) is set to valid, i.e., the value of the frequency switch request
signal (csr) is set to a binary code “1”.

In the step S102, the self refresh control module 912 sends out the first
controlling command, which requests DRAM to refresh under the internal clock,
after detecting that the value of csris “1”.

In the step S103, the handshaking signal waken module 913 sets the value
of the handshaking signal to valid, i.e., the value of the handshaking signal to valid
is set to a binary code “1”.

In the step S104, the frequency adjustment module 133 switches the present

operation frequency of DRAM to the target operation frequency after detecting



that the value of sl is "1". In the step S105, the invalid request configuration
module 135 resets the value of the frequency switch request signal (csr) to
"0", after the frequency switch is finishéd. In the step S 106, the sequence
checking parameter validation module 914 collects a sequence checking

ar meter corr, ponqing to the target operation frequency after detecting
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at'the value of the frequency switch request signal (csr) is "1". In the step

S10Tathecselfefsadhvguiitnghmaitule-§lbsdeienmingaton sysdeme clgskresets the
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S ﬂ%lﬁ f@ﬁsﬁt&p S108, the handshaking signal sleeping module 916 resets
the shaking signal (sl) from "1" to "0". The means that the DRAM
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_applied to multi-media systems on chip. When the processor or the hardware
iaCdelerator accesses DRAM, the DRAM operation frequency adjusting

system 1Q0 adjust peration freguency of. DRAM according t .
charallofiit: MRS ALl TeSPHng ol e L fory SIS o B ofsiggmines the
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adjusting method includes following steps: step 401, counting effective
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width utilization rate of DRAM at a present operation frequency; step
402, generating a target operation frequency when the bandwidth 15
In the step S108, the handshaking signal sleeping module 916 resets the

handshaking signal (sl) from “1” to “0”.

The means that the DRAM controller 91 and the frequency switch controller
13 employ the frequency switch request signal and the handshaking signal to
communicate each other is only used as an example. The skilled in the art, of
course, can employ any other communication means as needed.

The invention can be applied to multi-media systems on chip. When the
processor or the hardware accelerator accesses DRAM, the DRAM operation
frequency adjusting system 100 adjusts the operation frequency of DRAM
according to characters of media tasks.

Referring to FIG. 10, a flow chart of a DRAM operation frequency adjusting
method is shown. DRAM operation frequency adjusting method includes
following steps:

step 401, counting effective operation statuses of DRAM during a
predetermined time interval to obtain a bandwidth utilization rate of DRAM at a
present operation frequencys;

step 402, generating a target operation frequency when the bandwidth



utilization rate of DRAM is not adapted to present application environment;

and step 403, switching the present operation frequency of DRAM to the

target operation frequency. The step cdtinting the effective operation

statuses of DRAM may include following sub-steps: sub-step Al, counting
non-idie operati t es of a finite state machine 910 in a DRAM
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threshold value in the predetermined time interval.

The step generating the target operation frequency may include following
sub-steps:

generating a target operation frequency lower than the present operation
frequency of DRAM according to the first interruption signal when the first
interruption signal is generated; or, generating a target operation frequency
higher than the present operation frequency of DRAM according to the second
interruption signal when the second interruption signal is generated.

In a preferred embodiment of the present invention, the method further
includes steps: requesting DRAM to refresh under an internal clock during the
frequency switch and requesting DRAM to refresh under a system clock.

Preferably, the system clock is determined by a sequence checking parameter.
The DRAM operation frequency adjusting method further includes obtaining a

corresponding sequence checking parameter according to the target operation



frequency. In a preferred embodiment of the present invention, the method
further includes: presetting a frequency switch request signal with a default
value thereof denoting invalid, a handstaking signal with a default value
thereof denoting invalid, and sequence checking parameters corresponding
to the operation frequencies of DRAM. The step switching the operation

fﬁeeq(ﬁlueélrcu y of DRAM may includes following sub-steps: sub-step BI,

gengrating e feeasenayisvdieherrquestirigpadnd sattingithe teguasod further
_switch request signal to valid; sub-step B2, sending out a first controlling
igelwdsaind, which requests DRAM to refresh under the internal clock,
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sub-step B2, sending out a first controlling command, which requests DRAM
to refresh under the internal clock, according a valid frequency switch request
signal;

sub-step B3, setting the handshaking signal to valid after sending out the first
controlling command;

sub-step B4, switching the present operation frequency of DRAM to the
target operation frequency according to a valid handshaking signal;

sub-step BS5, resetting the frequency switch request signal to invalid after
finishing the frequency switch;

sub-step B6, collecting a sequence checking parameter corresponding to
the target operation frequency when the frequency switch request signal return
invalid;

sub-step B7, determining the system clock according to the sequence
checking parameter and sending out the second controlling command, which
requests DRAM to refresh under the system clock; and

sub-step B8, resetting the handshaking signal to invalid.

In factual application, in order to avoid loss of data during the frequency

switch of DRAM, the method may further include:



executing accepted data requests and stopping answering new data requests
after receiving a valid frequency switch request signal but before sending out

the first controlling command; and accepting new data requests after the
handshaking signal return invalid. As to the embodiments of the method,
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the scope of the present invention.



to obtain a bandwidth utilization rate of DRAM at the present operation
frequency, the interruption control module generating an interruption signal
for adjusting the operation frequency of DRAM. 4. The system as claimed in
claim 3, wherein the effective operation status statistic sub-module
comprises: a time interval register setyj determined time interval; a
time counter measuring time during the predetermined time interval and

cleating IBRIA epsrbriesiitefibaeNsiphstia Prsdaiainisepiviadnterval; a
status counter counting the non-idle operation statuses of the finite state
machiffetitisngadels ddcepmimeiatfretine prar iy g semlsRBAYL:

thereo u watie ister. he ti n

timeﬁc é%%gg%&teg(a%ﬁ%{%e pre%lgt?grﬁﬁn%n tlméE Iilll et?g\?aﬁf Pg;ét{irﬁ) {)%2%@2 tﬁ%quency
aicterdah gagister candt simbttattmusly olearingthea Rtaters aoDiR Adrenfiand a

status accumulation register sayjng the, status count from the status counter
whefy ﬁ?TS‘iHﬁEC&o&PWFS uﬁ%tfﬂ\g?ﬁn%wéé i 18 YESFLS t%eﬁ%‘&é‘te%ﬁ?fﬂ‘ﬂ&&cy of
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to obtain a bandwidth utilization rate of DRAM at the present operation frequency,
the interruption control module generating an interruption signal for adjusting the
operation frequency of DRAM.

4. The system as claimed in claim 3, wherein the effective operation status
statistic sub-module comprises:

a time interval register setting the predetermined time interval;

a time counter measuring time during the predetermined time interval and
clearing its time count result at the end of the predetermined time interval;

a status counter counting the non-idle operation statuses of the finite state
machine during the predetermined time interval, copying a status count thereof to
a status accumulation register when the time count result of the time counter is
equal to the predetermined time interval set in the time interval register, and
simultaneously clearing the status count thereof; and

a status accumulation register saving the status count from the status counter

when the time count result of the time counter is equal to the predetermined time



an interruption controlling logic module sending out an interruption signal
according to the status count of the status counter in the preconfigured time
interval and the threshold value, or accdrding to the status count saved in the
status accumulation register. 7. The system as claimed in claim 6, wherein
irtRee 'E%Fgre'fq}ﬁﬂ cgntrolhngrvlglglc mc%grule includes: a first interruption control

module generaﬁngr%efll%tt mterﬁ?ﬁﬁson signal denoting that the operation
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claim 9, wherein the system clock is determined by a sequence checking

parameiatethepsiaienhfestivdd condpeisiegiater setting a threshold value of the

i

bandwidth utilization rate; and

an interruption controlling logic module sending out an interruption signal
according to the status count of the status counter in the preconfigured time
interval and the threshold value, or according to the status count saved in the status
accumulation register.

7. The system as claimed in claim 6, wherein the interruption controlling
logic module includes:

a first interruption control module generating a first interruption signal
denoting that the operation frequency of DRAM at the present operation frequency
is desired to decrease if the bandwidth utilization rate of DRAM at the present
operation frequency is lower; and

a second interruption control module generating a second interruption signal
denoting that the operation frequency of DRAM is desired to increase if the
bandwidth utilization rate of DRAM at the present frequency is higher.

8. The system as claimed in claim 7, wherein the parameter configuration

module includes a target frequency configuration sub-module, the target frequency



sequence checking parameter validating module collecting a sequence
checking parameter corresponding to the target operation frequency. 11. The
system as claimed in claim 9 or 10, whefkin the clock control module and the
sequence checking parameter validating module are set in a DRAM
e trolle{igl;llgu A“rﬂb%l%le-rp%%}/ 1tem as claimed in claim 1, further comprising
8 DRRM Cohoner Contedied 16 e frequency switch controller; the
paramg@ter configuiation matule conmphisingaddse ppensiiEviieyiegugower than
configuration module configured for setting a frequency switch request signal
thatRrssgetRmeralinn desbtens meATARAMA RGSREHIAG Kghal Ebvifigissmunion signal;
dule configured for generating a handshaking signal with a default value
enoting invalid; and a sequence checking parameter configuration module

configseedridr crasdipectatéhy gemergtingratquendangee airgapenametgusncy higher
corresponding to operation frequencies of : 21 the frequency
G BerRIES o IEP RS THGI4TRS ﬁﬁ%"{%ﬁ L Bnelagite second
imetisierndigurgd for generating a frequency switch request signal and

setting the frequency switch request signal to valid; a frequency adjustment

moo&;leﬂmﬁgetemf@s solitoniedy ihe@&é@edu cfpéi{mrondmguemg/ of oegknventrol
R BT SRR RAed handaaling sanel:and. ne

a Invalld request configuration module contigu requency

FRLRIM QLRSS ORah t TR taridvaligpaiie dhe frrOeanblnad DRMBNt o refresh
module finishes the frequency switch. 13. The system as claimed in claim 12,

agtadingie RS BoResHerlEoHitispst atia btz AtegHeds Indwiheh controller

i ?ﬂﬂ%ﬂéﬁd for sending out a first controlling command, which requests
RAM to refresh under an internal clock, according to
10. The system as claimed in claim 9, wherein the system clock is

determined by a sequence checking parameter, the system further comprising a
sequence checking parameter validating module collecting a sequence
checking parameter corresponding to the target operation frequency.

11. The system as claimed in claim 9 or 10, wherein the clock control module
and the sequence checking parameter validating module are set in a DRAM
controller of DRAM.

12. The system as claimed in claim 1, further comprising a DRAM controller
connected to the frequency switch controller;

the parameter configuration module comprising:

a frequency switch request configuration module configured for setting
a frequency switch request signal with a default value denoting invalid;

a handshaking signal configuration module configured for generating a
handshaking signal with a default value denoting invalid; and

a sequence checking parameter configuration module configured for
respectively generating sequence checking parameters corresponding to

operation frequencies of DRAM;



a valid frequency switch request signal; a handshaking signal waken module
configured for setting the handshaking signal to valid after the first controlling
command being sent out; a sequence checking parameter validation module
configured for collecting a sequence checking parameter corresponding to
the tt%ré;?}eo eratio freg%en% wherhthe fre uencg switch request signal

enc nt controller comprising: .
return invalid; a'se PSfres quitting module onsflg red for determining a

system clagk facgeeding tewhehequenestCheskérgtharamaigaurnd Gaifiiged for

out a second controlling command, which requests DRAM to refresh under

the systSFMeIBHRE FhdraaiendshariHg it bshengIntsulRe b dhre drrgiuency
resetting gctppégqfég@lé'ﬁ%gﬁggq}atﬁdnvalid after the second controlling
ent o j

command being . 14. The system as claimed in claim 13, wherein

the DRAMacérdqoiterciurtdgunscomyprisesl #2 adadizneepdstrinteitcpiign the present
module configured for executing existi ata reguests and stopping
answeriﬂaeﬁ@%ﬁ)&at PRGBS d?feﬁ:)é%% '@ vilif fAsgEEneptten frequency

request gigpahiidt Reforaiiiam iRl Eomrialing campand being sent out; and a

data request execution module configured for accepting new data requests
after the hantistiidngesigest! eaofrginadinn 1BodubRsnvbgeradofoireenmnoye the
adjusting method, co R |S|n§' c?untm%effectlve OQSI’%EI‘%ﬁi tatﬂfs?]e 0

: f
DRAM u?ﬂ]ugegc rédeterminad. timesn r\t/%lnt%t%%]taln '5anaw ruﬁﬁzgﬁe&%l ency

rate of RRAMaEARIRERNE AAKBOhE CERNGE0eRakEing a target
operation frequency when the bandwidth utilization rate of DRAM is not

adapted 1ha possert apprdatrcerivirsifent andVSRitiRingeh&R8ddncontroller
c%ﬂ%ﬁ%i%@; frequency of DRAM to the target operation frequency.

a self refresh control module configured for sending out a first controlling
command, which requests DRAM to refresh under an internal clock, according to
a valid frequency switch request signal;

a handshaking signal waken module configured for setting the handshaking
signal to valid after the first controlling command being sent out;

a sequence checking parameter validation module configured for
collecting a sequence checking parameter corresponding to the target
operation frequency when the frequency switch request signal return invalid;

a self refresh quitting module configured for determining a system clock
according to the sequence checking parameter and sending out a second
controlling command, which requests DRAM to refresh under the system clock;
and

a handshaking signal sleeping module configured for resetting the
handshaking signal to invalid after the second controlling command being sent
out.

14. The system as claimed in claim 13, wherein the DRAM controller further

comprises:



16. The method as claimed in claim 15, wherein the step counting effective

operation statuses of DRAM comprises: sub-step Al, counting non-idle

operation statuses of a finite state machihe in a DRAM controller of DRAM

during the predetermined time interval to obtain the effective operation

status% of DRﬁ\é\ét an sub- ste A2 deter:r(nrr1 i Eandwrdt utlllzatrg{r}%1 data

rate ‘Of &Aﬁqaccorun ngrr’flé) ﬁec%ve opera Oh statused of DRAM 2t the
re@de@fsthernre@teippmgrednywmﬁgemetrzgeraeratie@teg‘tsstaﬂﬁarrweti@nmgnal valid

denoting that the operation frequency of DRAM should decrease when the
RS WS ARSI STZDRAN sgréwa thadgeheraify dnge compmand being
Sgﬁewpt signal denoting that the operation frequency of DRAM should

increase when the bandwidth utilization rate of DRAM exceeds a

preohethrmlmaqhmemmmmmmmilt\xainﬁgmbd foredetepmineddimneata requests

|m 16, wherein the step generating

ter al. 17. The method as claimed in ¢
%@Ihaﬁgﬁ e%%’é?rfdf b?&%]é 23 generating a target operation
freqq%nqar IO Lh RSS9, GRRLAA [EAHERRG D ROM AssRIging o

the first interruption signal when the first |nterru ion signal is generated or,
gen&@ting retarjer oyerajun Fteefuerato deighedr iHBnAtMe éresegrta)pmmimrrmned

lfrggule C VoaletRA(Iytbaccordlr%’%to the %ec f@fj |nterru t{ nth I%resent
secon mterrup ion srgnal IS genera e me as c arm it clar

o@ér;flﬁr(the{rr@@meyrng requesting DRAM to refresh under an internal clock
during the frequency switch; and requesting DRAM to refresh under a

syst@ﬁpa@éknggarﬁégﬁteﬂwas%rammﬂaaMh@lvth@rérmgf%éhﬁlhzauon
r&tQ%‘f'EIQ&t@f%%'%? Ry, BEaquen 0@%&9&? iBaf %E’?vlﬁ';t?n@%ﬁthﬁﬂdmher

comprising: obtaining a corresponding sequence ¢ ecklng parameter
accardirtghimthehtarget @pecationt fvagirequyn2.ofie ReNod akeclairgetddperation
f?é%iu"énl?y’. further comprising:
16. The method as claimed in claim 15, wherein the step counting effective
operation statuses of DRAM comprises:
sub-step A1, counting non-idle operation statuses of a finite state machine in
a DRAM controller of DRAM during the predetermined time interval to obtain
the effective operation statuses of DRAM; and
sub-step A2, determining the bandwidth utilization rate of DRAM according
to the effective operation statuses of DRAM at the end of the predetermined
time interval, generating a first interruption signal denoting that the operation
frequency of DRAM should decrease when the bandwidth utilization rate of
DRAM is lower; and generating a second interruption signal denoting that the
operation frequency of DRAM should increase when the bandwidth utilization
rate of DRAM exceeds a predetermined interruption threshold value in the
predetermined time interval.

17. The method as claimed in claim 16, wherein the step generating a target

operation frequency comprises:



pre-setting a frequency switch request signal with a default value denoting
invalid, a handshaking signal with a default value denoting invalid, and
sequence checking parameters corresponding to operation frequencies of
DRAM; wherein the step switching the operation frequency comprises:

sub-ste Bat]ih%en ratlngtafre uency switch recigest S{ﬁggl nd settlnltlgt th

e ..
freqL‘(Pyeence)l/r Swi haread%g Q geﬁ% l%nvaﬁ?él,useulbc-gtep ,sendinge &?thegeﬁrst()perauon

feaiieiliig cOMRAM, whichdiaguesthPRAM @ tefrephiondapanlivgi®althe first
clock, according a valid frequency switch request signal; sub-step B3, setting

IEHETHARHSRaRISG 3l gta LN eaNEF e seRRIREBINE e MALoRRBIMEPN frequency
HEBRYE e THE PR HULEION e Rey L SICANL LERURTIRG S Hcond

istdrstpp @b sreseltinh dhealicegeency satitchupadoe st gigralstgéneatice dfter
finishi e frequepcy switch; 24 suh-st 6, collecting a sequence
cheéé]n%%%@m%%r aé&wgg%%aﬂq@ijmigt_ %%%?gﬁaﬂ%uency when
the ?W%MWW%T&%Q\ﬁ@&‘”ﬁﬁ”ﬁ?ﬂéﬂhﬁ}“&ﬁ@@ Wniﬂgtﬁ'i@'ﬂ*é‘@uency
a system clock according to the sequence checking parameter and sending

ssutehs@eshd controlling command, which requests DRAM to refresh under

the system clock; sub-step.B8, resetting, the handshaking signal to
invaﬂ%quﬁt.lq‘%?me od’as glﬁa%lr%g c%rc A t%n f%fr%fﬁ%‘r comprising: executing

accepiedUiataneausstsiand sier@inth aoiering newhdatanregidestgstafierclock is
receiving a valid frequency switch request signal but before sending out the
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target operation frequency.
20. The method as claimed in claim 15, further comprising:
pre-setting a frequency switch request signal with a default value denoting
invalid, a handshaking signal with a default value denoting invalid, and sequence
checking parameters corresponding to operation frequencies of DRAM;
wherein the step switching the operation frequency comprises:
sub-step B1, generating a frequency switch request signal and setting
the frequency switch request signal to valid;
sub-step B2, sending out a first controlling command, which
requests DRAM to refresh under an internal clock, according a valid
frequency switch request signal;
sub-step B3, setting the handshaking signal to valid after sending out
the first controlling command,;
sub-step B4, switching the present operation frequency of DRAM to
the target operation frequency according to a valid handshaking signal;
sub-step B5, resetting the frequency switch request signal to invalid

after finishing the frequency switch;



counting non-idle operation statuses of a finite state machine in a DRAM
controller of DRAM during the predetermined time interval to obtain the
effective operation statuses of DRAM; afld generating a first interruption
signal denoting that the operation frequency of DRAM is desired to decrease

at the end of th edet ined time interval; or generatin second
B B0ttt theHe ] S, or B

interruption s%glgl dBno ng thatthe bp%raﬁlon ffe lbeerhccey o] i adsiéd" eter

to increage mBgfoinG 6O ol ¢herriden-isfieraperiatiRpgiatisesvafdnetiviteequency
state machine exceeds a predetermined interruption threshold value in the
predetermiridehiFpgugtbianahec e Herbiditing a target operation frequency
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operation freque DRAM according to the first interruption Signal w
the first icheckipigppsignalts gankratading genematngomthrgattopénagiocommand,

ipiigliecti v vy it N b b o
generated. gyb-step BS, resetting the handshaking signal to invalid.

21. The method as claimed in claim 20, further comprising:

executing accepted data requests and stopping answering new data requests
after receiving a valid frequency switch request signal but before sending out the
first controlling command; and

accepting new data requests after the handshaking signal return invalid.

22. The method as claimed in claim 18, wherein the step counting effective
operation statuses of DRAM comprises:

counting non-idle operation statuses of a finite state machine in a DRAM
controller of DRAM during the predetermined time interval to obtain the
effective operation statuses of DRAM; and

generating a first interruption signal denoting that the operation
frequency of DRAM is desired to decrease at the end of the predetermined
time interval; or generating a second interruption signal denoting that the
operation frequency of DRAM is desired to increase when the count of the
non-idle operation statuses of the finite state machine exceeds a predetermined
interruption threshold value in the predetermined time interval;

the step generating a target operation frequency comprises:

generating a target operation frequency lower than the present operation
frequency of DRAM according to the first interruption signal when the first
interruption signal is generated; or generating a target operation frequency
higher than the present operation frequency of DRAM according to the second

interruption signal when the second interruption signal is generated.



