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DELAY TRACKING METHOD AND MEMORY SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS
[0001]This Application claims priority of U.S. Provisional Patent Application No. 62/718,535, filed on

August 14, 2018, the entirety of which is incorporated by reference herein.

FIELD OF THE INVENTION
[0002]The invention generally relates to a wireless communication technology, and more particularly, to

the delay tracking for fifth-generation low-power DDR (LPDDRSY) technology.

DESCRIPTION OF THE RELATED ART
[0003]In the current fifth-generation low-power DDR (LPDDRS5) standard, a WCK2DQI oscillator (i.e.

writing oscillator) is introduced for delay tracking in writing operations, and a WCK2DQO oscillator (i.e.
reading oscillator) is introduced for delay tracking in reading operations. In addition, in the current LPDDRS
standard, a multipurpose command (MPC) is used to enable or disable the WCK2DQI oscillator or the
WCK2DQO oscillator. Furthermore, in the current LPDDRS standard, different frequency modes are
introduced to save power.

[0004]However, in the current LPDDRS standard, how to efficiently use the WCK2DQI oscillator or
WCK2DQO oscillator for delay tracking in different frequency modes is not specified.

BRIEF SUMMARY OF THE INVENTION

[0005]A delay tracking method and a memory system are provided to overcome the problems mentioned
above.

[0006]An embodiment of the invention provides a delay tracking method. The delay tracking method is
applied to a memory system supporting a low-frequency-mode (LFM) and a high-frequency-mode (HFM) of
an operating clock. The delay tracking method includes the steps of selecting a LFM oscillator for obtaining a
LFM delay value when the operating clock is in the HFM; and selecting a HFM oscillator for obtaining a HFM
delay value when the operating clock is in the LFM.

[0007]In some embodiments, the LFM delay value is obtained before the operating clock is switched
from the HFM to the LFM. In an embodiment, the LFM delay value is obtained by periodically enabling the
LFM oscillator. In another embodiment, the LFEM delay value is obtained by aperiodically enabling the LFM
oscillator. The LFM delay value is applied for a LFM delay tracking when the operating clock is in the LFM.

[0008]In some embodiments, the HFM delay value is obtained before the operating clock is switched
from the LFM to the HFM. In an embodiment, the HFM delay value is obtained by periodically enabling the
HFM oscillator. In another embodiment, the HFM delay value is obtained by aperiodically enabling the HFM
oscillator. The HFM delay value is applied for a HFM delay tracking when the operating clock is in the HFM.

[0009]In some embodiments, the LFM oscillator and the HFM oscillator are selected via Multipurpose
Command (MPC) command or Mode Register Operand (MR OP).

[0010]JAn embodiment of the invention provides a memory system. The memory system comprises a

memory controller and a memory device. The memory controller generates a command. The memory device
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comprises a low-frequency-mode (LFM) oscillator, and a high-frequency-mode (HFM) oscillator. The memory
device receives the command from the memory controller to select the LFM oscillator or the HFM oscillator.
The LFM oscillator is selected for obtaining a LFM delay value, when the operating clock is in the HFM. The
HFM oscillator is selected for obtaining a HFM delay value, when the operating clock is in the LFM.

[0011]Other aspects and features of the invention will become apparent to those with ordinary skill in the
art upon review of the following descriptions of specific embodiments of delay tracking method and the

memory system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]The invention will become more fully understood by referring to the following detailed description
with reference to the accompanying drawings, wherein:

[0013]FIG. 1 is a block diagram of a memory system 100 according to an embodiment of the invention.

[0014]FIG. 2 is a flow chart 200 illustrating a delay tracking method according to an embodiment of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015]The following description is of the best-contemplated mode of carrying out the invention. This
description is made for the purpose of illustrating the general principles of the invention and should not be
taken in a limiting sense. The scope of the invention is best determined by reference to the appended claims.

[0016]FIG. 1 is a block diagram of a memory system 100 according to an embodiment of the invention.
The memory system 100 may support a low-frequency-mode (LFM) and a high-frequency-mode (HFM), i.e.
an operating clock of the memory system 100 may be in the LFM or HFM. The memory system 100 may
comprise a memory controller 110 and a memory device 120. In the embodiments of the invention, the
memory system 100 can be applied to the fifth-generation low-power DDR (LPDDRS5) technology. It should
be noted that, in order to clarify the concept of the invention, FIG. 1 is a simplified block diagram in which
only the elements relevant to the invention are shown. However, the invention should not be limited to what is
shown in FIG. 1.

[0017]In an embodiment of the invention, the memory device 120 may be a dynamic random access
memory (DRAM) device. As shown in FIG. 1, the memory device 120 may comprise a decoder 121, a register
122, a low-frequency-mode (LFM) oscillator 123, and a high-frequency-mode (HFM) oscillator 124. It should
be noted that, in order to clarify the concept of the invention, the memory device 120 of FIG. 1 is a simplified
block diagram in which only the elements relevant to the invention are shown. However, the invention should
not be limited to what is shown in FIG. 1. The memory device 120 may also comprise other elements.

[0018]In an embodiment of the invention, the memory controller 110 may transmit a clock signal (e.g. a
WCK clock in LPDDRS technology) to the memory device 120 to sample the timing signal for writing
operation or reading operation to track the delay in the writing operation or reading operation. The timing
signal for writing operation or reading operation may have different frequencies for the low-frequency-mode
(LFM) and high-frequency-mode (HFM). The LFM oscillator 123 and the HFM oscillator 124 can be applied
for delay tracking in the writing operation or the reading operation. The delay value (or delay parameters)

obtained in different frequency modes (i.e. LEM and HFM) are different.
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[0019]When the LFM oscillator 123 and the HFM oscillator 124 are applied to a writing operation, the
LFM oscillator 123 and the HFM oscillator 124 may be regarded as writing oscillators (e.g. WCK2DQI
oscillator in LPDDRS technology), and when the LFM oscillator 123 and the HFM oscillator 124 are applied
to a reading operation, the LFM oscillator 123 and the HFM oscillator 124 may be regarded as reading
oscillators (e.g. WCK2DQO oscillator in LPDDRS technology), wherein the writing oscillators and the reading
oscillators may not be operated simultaneously. That is to say, the memory device 120 may comprise writing
oscillators and reading oscillators, and the writing oscillators may comprise LFM writing oscillator and the
HFM writing oscillator and the reading oscillators may comprise LFM reading oscillator and the HFM reading
oscillator. However, in order to illustrate simply, there are only one LFM oscillator and one HFM oscillator
shown in FIG. 1, but the invention should not be limited to what is shown in FIG. 1. The writing oscillator and
the oscillator are applied for delay tracking when the voltage and temperature change on the memory device
120. The memory controller 110 may read the value generated by the writing oscillator or the reading oscillator
to determine the delay value.

[0020]In an embodiment of the invention, the LFM oscillator 123 and the HFM oscillator 124 may be
integrated to an oscillator which can generate oscillation signals with different frequencies to be the LFM
oscillator and the HFM oscillator. That is to say, in the embodiment, there are one writing oscillator and one
reading oscillator in the memory device 120. The writing oscillator can generate oscillation signals with
different frequencies to be the LFM oscillator and the HFM oscillator, and the reading oscillator can also
generate oscillation signals with different frequencies to be the LFM oscillator and the HFM oscillator.

[0021]In an embodiment of the invention, the memory controller 110 may transmit a command to the
memory device 120 to select the LFM oscillator 123 for obtaining a LFM delay value or the HFM oscillator
124 for obtaining a HFM delay value. When the decoder 121 of the memory device 120 receives the command
from the memory controller 110, the decoder 121 may decode the command to generate a decode result. The
LFM oscillator 123 or the HFM oscillator 124 are selected according to the decode result. According to an
embodiment of the invention, the decode result may be a Multipurpose Command (MPC) command or a Mode
Register Operand (MR OP). The LFM oscillator 123 or the HFM oscillator 124 may be enabled according to
the MPC command or the MR OP in the memory device 120. In addition, according to the decode result, the
MPC command or MR OP is further used to drive the LFM oscillator 123 for obtaining a LFM delay value or
drive the HFM oscillator 124 for obtaining a HFM delay value. In an embodiment of the invention, the
obtained LFM delay value and the HFM delay value may be stored in the register 122. The memory controller
110 may perform a LFM delay tracking or a HFM delay tracking according to the LFM delay value or the
HFM delay value stored in the register 122 of the memory device 120.

[0022]In an embodiment of the invention, when the LFM oscillator 123 is selected for obtaining the LFM
delay value (i.e. the memory device 120 is in the LFM currently or the operating clock is in LFM currently),
the HFM oscillator 124 is enabled at the same time to obtain an HFM delay value in advance. That is to say, in
the embodiment, although the operating clock is in LFM, the memory controller 110 may also transmit another
command to enable the HFM oscillator 124 to obtain an HFM delay value in advance. The HFM delay value
may be stored in the register 122. In the embodiment of the invention, the HFM oscillator 124 may be enabled
periodically according to the command from the memory controller 110, or the HFM oscillator 124 may be

enabled aperiodically according to the command from the memory controller 110. When the memory device
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120 is switched from the LFM to the HFM (i.e. the operating clock is switched from the LFM to the HFM), the
memory controller 110 will be able to directly use the HFM delay value for HFM delay tracking.

[0023]In another embodiment of the invention, when the HFM oscillator 124 is selected for obtaining the
HFM delay value (i.e. the memory device 120 is in the HFM currently or the operating clock is in HFM
currently), the LFM oscillator 123 is enabled at the same time to obtain an LFM delay value in advance. That
is to say, in the embodiment, although the operating clock is in HFM, the memory controller 110 may also
transmit another command to enable the LFM oscillator 123 to obtain an LFM delay value in advance. The
LFM delay value may be stored in the register 122. In the embodiment of the invention, the LFM oscillator
123 may be enable periodically according to the command from the memory controller 110, or the LFM
oscillator 123 may be enabled aperiodically according to the command from the memory controller 110. When
the memory device 120 is switched from the HFM to the LFM (i.e. the operating clock is switched from the
HFM to the LFM), the memory controller 110 will be able to directly use the LFM delay value for LFM delay
tracking.

[0024]In another embodiment of the invention, only when the memory device 120 knows that it will be
switched from the LFM to the HFM (i.e. the memory device 120 is in the LFM currently or the operating clock
is in LFM currently), the HFM oscillator 124 is enabled to obtain an HFM delay value in advance. The HFM
delay value may be stored in the register 122. In the embodiment of the invention, the HFM oscillator 124 may
be enabled periodically according to a command from the memory controller 110, or the HFM oscillator 124
may be enabled aperiodically according to a command from the memory controller 110. When the memory
device 120 has been switched from the LFM to the HFM (i.e. the operating clock is switched from the LFM to
the HFM), the memory controller 110 will be able to directly use the HFM delay value for HFM delay tracking.

[0025]In another embodiment of the invention, only when the memory device 120 knows that it will be
switched from the HFM to the LFM (i.e. the memory device 120 is in the HFM currently or the operating
clock is in HFM currently), the LFM oscillator 123 is enabled to obtain LFM delay value in advance. The
LFM delay value may be stored in the register 122. In the embodiment of the invention, the LFM oscillator
123 may be enabled periodically according to a command from the memory controller 110, or the LFM
oscillator 123 may be enabled aperiodically according to a command from the memory controller 110. When
the memory device 120 is switched from the HFM to the LFM (i.e. the operating clock is enabled from the
HFM to the LFM), the memory controller 110 will be able to directly use the LFM delay value for LFM delay
tracking.

[0026]FIG. 2 is a flow chart 200 illustrating a delay tracking method according to an embodiment of the
invention. The delay tracking method can be applied to the memory system 100 which supports a low-
frequency-mode (LFM) and a high-frequency-mode (HFM), i.e. an operating clock of the memory system 100
may be in the LFM or HFM. As shown in FIG. 2, in step S210, a command is transmitted from a memory
controller of the memory systemn 100 to a memory device of the memory system 100. In step $S220, when the
operating clock is in the HFM, an LFM oscillator of the memory device of the memory system 100 is selected
for obtaining a LFM delay according to the command. In step 230, when the operating clock is in the LFM, an
HFM oscillator of the memory device of the memory system 100 is selected for obtaining a HFM delay
according to the command.

[0027]In some embodiments, the LFM delay value is obtained before the operating clock is switched
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from the HFM to the LFM. In an embodiment, the LFM delay value is obtained by periodically enabling the
LFM oscillator. In another embodiment, the LFM delay value is obtained by aperiodically enabling the LFM
oscillator. The LFM delay value is applied for a LEM delay tracking when the operating clock is in the LFM.

[0028]In some embodiments, the HFM delay value is obtained before the operating clock is switched
from the LFM to the HFM. In an embodiment, the HFM delay value is obtained by periodically enabling the
HFM oscillator. In another embodiment, the HFM delay value is obtained by aperiodically enabling the HFM
oscillator. The HFM delay value is applied for a HFM delay tracking when the operating clock is in the HFM.

[0029]In some embodiments, the LFM oscillator and the HFM oscillator are selected via Multipurpose
Command (MPC) command or Mode Register Operand (MR OP).

[0030]In the tracking method of the invention, the memory device can obtain the HFM delay value or
LFM delay value in advance. Therefore, when the memory device is switched from the LFM to the HFM, or
switch from the HFM to the LEM, the memory device may not need to enable the HFM oscillator or LFM
oscillator to obtain the HFM delay value or LFM delay value. The memory device can directly use the memory
device HFM delay value or LFM delay value obtained in advance for delay tracking. Accordingly, in tracking
method of the invention, the memory device can be operated more efficiently when the memory device is
switched from the LFM to the HFM, or switch from the HFM to the LFM.

[0031]The steps of the method described in connection with the aspects disclosed herein may be
embodied directly in hardware, in a software module executed by a processor, or in a combination of the two.
A software module (e.g., including executable instructions and related data) and other data may reside in a data
memory such as RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory, registers,
a hard disk, a removable disk, a CD-ROM, or any other form of computer-readable storage medium known in
the art. A sample storage medium may be coupled to a machine such as, for example, a computer/processor
(which may be referred to herein, for convenience, as a “processor’) such that the processor can read
information (e.g., code) from and write information to the storage medium. A sample storage medium may be
integral to the processor. The processor and the storage medium may reside in an ASIC. The ASIC may reside
in user equipment. In the alternative, the processor and the storage medium may reside as discrete components
in user equipment. Moreover, in some aspects, any suitable computer-program product may comprise a
computer-readable medium comprising codes relating to one or more of the aspects of the disclosure. In some
aspects, a computer software product may comprise packaging materials.

[0032]1t should be noted that although not explicitly specified, one or more steps of the methods
described herein can include a step for storing, displaying and/or outputting as required for a particular
application. In other words, any data, records, fields, and/or intermediate results discussed in the methods can
be stored, displayed, and/or output to another device as required for a particular application. While the
foregoing is directed to embodiments of the present invention, other and further embodiments of the invention
can be devised without departing from the basic scope thereof. Various embodiments presented herein, or
portions thereof, can be combined to create further embodiments. The above description is of the best-
contemplated mode of catrying out the invention. This description is made for the purpose of illustrating the
general principles of the invention and should not be taken in a limiting sense. The scope of the invention is
best determined by reference to the appended claims.

[0033]The above paragraphs describe many aspects. Obviously, the teaching of the invention can be
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accomplished by many methods, and any specific configurations or functions in the disclosed embodiments
only present a representative condition. Those who are skilled in this technology will understand that all of the
disclosed aspects in the invention can be applied independently or be incorporated.

[0034]While the invention has been described by way of example and in terms of preferred embodiment,
it should be understood that the invention is not limited thereto. Those who are skilled in this technology can
still make various alterations and modifications without departing from the scope and spirit of this invention.
Therefore, the scope of the present invention shall be defined and protected by the following claims and their

equivalents.
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CLAIMS
1. A delay tracking method, applied to a memory system supporting a low-frequency-mode (LFM) and a
high-frequency-mode (HFM) of an operating clock, comprising:
selecting a LFM oscillator for obtaining a LFM delay value when the operating clock is in the HFM; and
selecting a HFM oscillator for obtaining a HFM delay value when the operating clock is in the LEM.

2. The delay tracking method of claim 1, wherein the LFM delay value is obtained before the operating
clock is switched from the HFM to the LFM.

3. The delay tracking method of claim 2, wherein the LFM delay value is obtained by periodically
enabling the LFM oscillator.

4. The delay tracking method of claim 2, wherein the LFM delay value is obtained by aperiodically
enabling the LFM oscillator.

5. The delay tracking method of claim 2, wherein the LFM delay value is applied for a LFM delay

tracking when the operating clock is in the LFM.

6. The delay tracking method of claim 1, wherein the HFM delay value is obtained before the operating
clock is switched from the LFM to the HFM.

7. The delay tracking method of claim 6, wherein the HFM delay value is obtained by periodically
enabling the HFM oscillator.

8. The delay tracking method of claim 6, wherein the HFM delay value is obtained by aperiodically
enabling the HFM oscillator.

9. The delay tracking method of claim 6, wherein the HFM delay value is applied for a HFM delay

tracking when the operating clock is in the HFM.

10. The delay tracking method of claim 1, wherein the LFM oscillator and the HFM oscillator are selected
via Multipurpose Command (MPC) command or Mode Register Operand (MR OP).

11. A memory system supporting a low-frequency-mode (LFM) and a high-frequency-mode (HFM) of an
operating clock, comprising:
a memory controller, generating a command; and
a memory device, comprising:
a LFM oscillator; and
a HFM oscillator,

wherein the memory device receives the command from the memory controller to select the LFM
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oscillator or the HFM oscillator,

wherein the LFM oscillator is selected for obtaining a LFM delay value, when the operating clock is in
the HFM, and

wherein the HFM oscillator is selected for obtaining a HFM delay value, when the operating clock is in

the LFM.

12. The memory system of claim 11, wherein the LFM delay value is obtained before the operating clock

is switched from the HFM to the LFM.

13. The memory system of claim 12, wherein the LFM delay value is obtained by periodically enabling
the LFM oscillator.

14. The memory system of claim 12, wherein the LFM delay value is obtained by aperiodically enabling
the LFM oscillator.

15. The memory system of claim 12, wherein the LFM delay value is applied for a LFM delay tracking
when the operating clock is in the LFM.

16. The memory system of claim 11, wherein the HFM delay value is obtained before the operating clock

is switched from the LFM to the HFM.

17. The memory system of claim 16, wherein the HFM delay value is obtained by periodically enabling
the HFM oscillator.

18. The memory system of claim 16, wherein the HFM delay value is obtained by aperiodically enabling
the HFM oscillator.

19. The memory system of claim 16, wherein the HFM delay value is applied for a HFM delay tracking
when the operating clock is in the HFM.

20. The memory system of claim 11, wherein the LFM oscillator and the HFM oscillator are selected via

Multipurpose Command (MPC) command or Mode Register Operand (MR OP).
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