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CLAIMS

1. An apparatus, comprising: 

a memory device configured to communicate with a host over a link, 

wherein the memory device comprises: 

a plurality of memory cells; and 

a memory link interface configured to 

receive a READ command from the host over the link, retrieve READ 

DATA from the plurality of memory cells, and provide the READ DATA to the host over the link 

in accordance with an applied link protection mode in response to the READ command, or 

receive a WRITE command from the host over the link, receive WRITE 

DATA from the host over the link, and store the WRITE DATA to the plurality of memory cells 

in accordance with the applied link protection mode in response to the WRITE command, and 

wherein the memory device is configured to 

implement a plurality of link protection modes including a first link protection 

mode and a second link protection mode, wherein the plurality of link protection modes are applied 

to protect at different levels of protection the READ DATA or the WRITE DATA transmitted over 

the link from errors, and 

change from applying the first link protection mode to applying the second link 

protection mode in response to a link protection mode change notification received from the host, 

and 

wherein the link protection mode change notification received from the host is a link speed 

change notification. 

2. The apparatus of claim 1, wherein the plurality of link protection modes includes 

no link protection. 

3. The apparatus of claim 1, wherein the memory device further comprises: 

a memory encoder, if enabled, configured to encode the READ DATA retrieved from the 

plurality of memory cells such that the encoded READ DATA is provided to the host over the link 

upon receiving the READ command, or 
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a memory decoder, if enabled, configured to decode the WRITE DATA received from the 

host over the link such that the decoded WRITE DATA is stored in the plurality of memory cells 

upon receiving the WRITE command, 

wherein the memory device is configured to control a level of enablement of the memory 

encoder and a level of enablement of the memory decoder based on the applied link protection 

mode. 

4. The apparatus of claim 3, further comprising: 

a plurality of frequency set point (FSP) registers corresponding to the plurality of link 

protection modes, 

wherein each FSP register indicates the level of enablement of the memory encoder or the 

level of enablement of the memory decoder. 

5. The apparatus of claim 4, 

wherein the memory device further comprises one or more mode registers used to 

implement the plurality of FSP registers, 

wherein the memory link interface is configured to receive, for each mode register of the 

plurality of FSP registers, a mode register write (MRW) command along with a mode value for 

that mode register, and 

wherein the memory device is configured to program the plurality of FSP registers by 

programming the one or more mode registers of the plurality of FSP registers in accordance with 

the received mode values. 

6. The apparatus of claim 4, 

wherein each FSP register comprises a read-error-detect bit, a read-error-correct bit, a 

write-error-detect bit, and a write-error-correct bit, 

wherein an applied FSP register is the FSP register corresponding to the applied link 

protection mode, and 

wherein the memory encoder is configured to encode the READ DATA retrieved from the 

plurality of memory cells if one or both of the read-error-detect bit and the read-error-correct bit 

of the applied FSP register are set, or 

wherein the memory decoder is configured to 



25 

detect whether the WRITE DATA received from the host has one or more bit errors 

if the write-error-detect bit of the applied FSP register is set, and 

correct up to a write threshold number of bit errors in the WRITE DATA received 

from the host such that the corrected WRITE DATA is stored in the plurality of memory cells if 

the write-error-correct bit of the applied FSP register is set. 

7. The apparatus of claim 6, 

wherein the plurality of FSP registers include high and low speed FSP registers 

corresponding to high and low link speeds, the high link speed being faster than the low link speed, 

wherein in the high speed FSP register, 

one or both of the read-error-detect bit and the read-error-correct bit are set, and 

both the write-error-detect bit and the write-error-correct bit are set, and 

wherein in the low speed FSP register, all of the read-error-detect bit, the read-error-correct 

bit, the write-error-detect bit, and the write-error-correct bit are unset. 

8. The apparatus of claim 7, 

wherein the plurality of FSP registers further include a middle speed FSP register 

corresponding to a middle link speed, the middle link speed being faster than the low link speed 

and slower than the high link speed, and 

wherein in the middle speed FSP register, 

one of the read-error-detect bit and the read-error-correct bit is set, or 

one of the write-error-detect bit and the write-error-correct bit is set. 

9. The apparatus of claim 4, 

wherein the plurality of FSP registers correspond to a plurality of link speed ranges, and 

wherein the link speed range corresponding to each FSP register does not overlap with link 

speed ranges of any other FSP register. 

10. The apparatus of claim 1, further comprising the host, 

wherein each link protection mode specifies whether each of a read-error-detect parameter, 

a read-error-correct parameter, a write-error-detect parameter, and a write-error-correct parameter 

is enabled or disabled, and 

wherein the host is configured to 
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issue the READ command to the memory device over the link, receive the READ 

DATA from the memory device over the link, detect whether the READ DATA received from the 

memory device has one or more bit errors if the read-error-detect parameter of the applied link 

protection mode is enabled, and correct up to a read threshold number of bit errors in the READ 

DATA received from the memory device if the read-error-correct parameter of the applied link 

protection mode is enabled, or 

issue the WRITE command to the memory device over the link, provide the WRITE 

DATA to the memory device over the link, and encode the WRITE DATA provided to the memory 

device if one or both of the write-error-detect parameter and the write-error-correct parameter of 

the applied link protection mode are enabled. 

11. The apparatus of claim 1, wherein the apparatus is incorporated into a device 

selected from a group consisting of a music player, a video player, an entertainment unit, a 

navigation device, a communications device, a mobile device, a mobile phone, a smartphone, a 

personal digital assistant, a fixed location terminal, a tablet computer, a computer, a wearable 

device, a laptop computer, a server, and a device in an automotive vehicle. 

12. An apparatus, comprising: 

a host configured to communicate with a memory device over a link, 

wherein the host comprises: 

a host link interface configured to interface with the link; and 

a memory controller configured to communicate with the memory device through 

the host link interface, 

wherein the memory controller is configured to 

issue a READ command to the memory device over the link, and receive READ 

DATA from the memory device over the link in accordance with an applied link protection mode 

upon issuing the READ command, or 

issue a WRITE command to the memory device over the link, and provide WRITE 

DATA to the memory device over the link in accordance with the applied link protection mode 

upon issuing the WRITE command, and 

wherein the host is configured to 

implement a plurality of link protection modes including a first link protection 

mode and a second link protection mode, wherein the plurality of link protection modes are applied 
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to protect at different levels of protection the READ DATA or the WRITE DATA transmitted over 

the link from errors, and 

change from applying the first link protection mode to applying the second link 

protection mode in response to a link speed change. 

13. The apparatus of claim 12, wherein the plurality of link protection modes includes 

no link protection. 

14. The apparatus of claim 12, wherein the memory controller is configured to provide 

to the memory device a notification of the change in the link protection mode to be applied from 

the first link protection mode to the second link protection mode. 

15. The apparatus of claim 12, wherein the host further comprises: 

a host encoder, if enabled, configured to encode the WRITE DATA such that the encoded 

WRITE DATA is provided to the memory device over the link upon issuing the WRITE command, 

or 

a host decoder, if enabled, configured to decode the READ DATA received from the 

memory device over the link upon issuing the READ command, 

wherein the host is configured to control a level of enablement of the host encoder or a 

level of enablement of the host decoder based on the applied link protection mode. 

16. The apparatus of claim 15, 

wherein each link protection mode specifies whether each of a read-error-detect parameter, 

a read-error-correct parameter, a write-error-detect parameter, and a write-error-correct parameter 

is enabled or disabled, and 

wherein the host encoder is configured to encode the WRITE DATA provided to the 

memory device if one or both of the write-error-detect parameter and the write-error-correct 

parameter of the applied link protection mode are enabled, or 

wherein the host decoder is configured to 

detect whether the READ DATA received from the memory device has one or more 

bit errors if the read-error-detect parameter of the applied link protection mode is enabled, and 
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correct up to a read threshold number of bit errors in the READ DATA received 

from the memory device if the read-error-correct parameter of the applied link protection mode is 

enabled. 

17. The apparatus of claim 16, 

wherein the plurality of link protection modes include high and low speed link protection 

modes corresponding to high and low link speeds, the high link speed being faster than the low 

link speed, 

wherein in the high speed link protection mode, 

one or both of the read-error-detect parameter and the read-error-correct parameter 

are enabled, and 

both the write-error-detect parameter and the write-error-correct parameter are 

enabled, and 

wherein in the low speed link protection mode, all of the read-error-detect parameter, the 

read-error-correct parameter, the write-error-detect parameter, and the write-error-correct 

parameter are disabled. 

18. The apparatus of claim 17, 

wherein the plurality of link protection modes further include a middle speed link 

protection mode corresponding to a middle link speed, the middle link speed being faster than the 

low link speed and slower than the high link speed, and 

wherein in the middle speed link protection mode, 

one of the read-error-detect parameter and the read-error-correct parameter of the 

is enabled, or 

one of the write-error-detect parameter and the write-error-correct parameter is 

enabled. 

19. The apparatus of claim 16, wherein the memory device is configured to 

receive the READ command from the host over the link, provide the READ DATA to the 

host over the link, and encode the READ DATA provided to the host if one or both of the read-

error-detect parameter and the read-error-correct parameter of the applied link protection mode are 

enabled, or 



29 

receive the WRITE command from the host over the link, receive the WRITE DATA from 

the host over the link, detect whether the WRITE DATA received from the host has one or more 

bit errors if the write-error-detect parameter of the applied link protection mode is enabled, and 

correct up to a write threshold number of bit errors in the WRITE DATA received from the host 

if the write-error-correct parameter of the applied link protection mode is enabled. 

20. The apparatus of claim 12, 

wherein the memory device is configured to implement the plurality of link protection 

modes through a plurality of mode registers, and 

wherein the memory controller is configured to issue, for each mode register used to 

implement the plurality of link protection modes, a mode register write (MRW) command with a 

mode value for that mode register to the memory device. 

21. The apparatus of claim 12, wherein the apparatus is incorporated into a device 

selected from a group consisting of a music player, a video player, an entertainment unit, a 

navigation device, a communications device, a mobile device, a mobile phone, a smartphone, a 

personal digital assistant, a fixed location terminal, a tablet computer, a computer, a wearable 

device, a laptop computer, a server, and a device in an automotive vehicle. 

22. A method of an apparatus, the apparatus comprising a host and a memory device 

configured to communication with each other over a link, the method comprising: 

changing the apparatus from applying a first link protection mode to applying a second link 

protection mode in response to a link speed change; and 

issuing a READ command by the host to the memory device over the link, and providing 

READ DATA by the memory device to the host over the link in accordance with an applied link 

protection mode in response to the READ command, or 

issuing a WRITE command by the host to the memory device over the link, and providing 

WRITE DATA by the host to the memory device over the link in accordance with the applied link 

protection mode upon issuing the WRITE command, 

wherein the apparatus is configured to implement a plurality of link protection modes 

including the first and second link protection modes, and 

wherein the plurality of link protection modes are applied to protect at different levels of 

protection the READ DATA or the WRITE DATA transmitted over the link from errors. 
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23. The method of claim 22, wherein the plurality of link protection modes includes no 

link protection. 

24. The method of claim 22, 

wherein each link protection mode specifies whether each of a read-error-detect parameter, 

a read-error-correct parameter, a write-error-detect parameter, and a write-error-correct parameter 

is enabled or disabled, 

wherein providing the READ DATA comprises: 

encoding the READ DATA if one or both of the read-error-detect parameter and 

the read-error-correct parameter of the applied link protection mode are enabled, and 

providing the encoded READ DATA to the host over the link, or 

wherein providing the WRITE DATA comprises: 

encoding the WRITE DATA if one or both of the write-error-detect parameter and 

the write-error-correct parameter of the applied link protection mode are enabled, and 

providing the encoded WRITE DATA to the memory device over the link, and 

wherein the method further comprises: 

decoding by the host the encoded READ DATA received from the memory device, 

or 

decoding by the memory device the encoded WRITE DATA received from the 

host, and storing by the memory device the decoded WRITE DATA in a plurality of memory cells 

of the memory device. 

25. The method of claim 24, 

wherein decoding the encoded READ DATA comprises detecting whether the encoded 

READ DATA has one or more bit errors if the read-error-detect parameter of the applied link 

protection mode is enabled, or 

wherein decoding the encoded WRITE DATA and storing the decoded WRITE DATA 

comprise: 

detecting whether the encoded WRITE DATA has one or more bit errors if the 

write-error-detect parameter of the applied link protection mode is enabled; and 

storing the decoded WRITE DATA to the plurality of memory cells if no bit errors 

in the encoded WRITE DATA are detected. 
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26. The method of claim 24, 

wherein decoding the encoded READ DATA comprises correcting up to a read threshold 

number of bit errors in the encoded READ DATA if the read-error-correct parameter of the applied 

link protection mode is enabled, or 

wherein decoding the encoded WRITE DATA and storing the decoded WRITE DATA 

comprise: 

correcting up to a write threshold number of bit errors in the encoded WRITE 

DATA if the write-error-correct parameter of the applied link protection mode is enabled; and 

storing the corrected WRITE DATA to the plurality of memory cells. 

27. An apparatus, comprising: 

a host and a memory device configured to communicate with each other over a link, 

wherein the memory device comprises: 

a plurality of memory cells; and 

means for receiving a READ command from the host over the link, means for 

retrieving READ DATA from the plurality of memory cells in response to the READ command, 

and means for providing the READ DATA to the host over the link in accordance with an applied 

link protection mode in response to the READ command, or 

means for receiving a WRITE command from the host over the link, means for 

receiving WRITE DATA from the host over the link in response to the WRITE command, and 

means for storing the WRITE DATA to the plurality of memory cells in accordance with the 

applied link protection mode in response to the WRITE command, 

wherein the host comprises: 

means for issuing the READ command to the memory device over the link, and 

means for receiving the READ DATA from the memory device over the link upon issuing the 

READ command, or 

means for issuing the WRITE command to the memory device over the link, and 

means for providing the WRITE DATA to the memory device over the link in accordance with 

the applied link protection mode upon issuing the WRITE command, and 

wherein the apparatus is configured to 

implement a plurality of link protection modes including a first link protection 

mode and a second link protection mode, wherein the plurality of link protection modes are applied 
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to protect at different levels of protection the READ DATA or the WRITE DATA transmitted over 

the link from errors, and 

change from applying the first link protection mode to applying the second link 

protection mode in response to a link speed change. 

28. The apparatus of claim 27, wherein the plurality of link protection modes includes 

no link protection. 

29. The apparatus of claim 27, 

wherein each link protection mode specifies whether each of a read-error-detect parameter, 

a read-error-correct parameter, a write-error-detect parameter, and a write-error-correct parameter 

is enabled or disabled, 

wherein the memory device further comprises: 

means for encoding the READ DATA if one or both of the read-error-detect 

parameter and the read-error-correct parameter of the applied link protection mode are enabled 

such that the means for providing the READ DATA provides the encoded READ DATA to the 

host over the link, or 

means for decoding the WRITE DATA received over the link if one or both of the 

write-error-detect parameter and the write-error-correct parameter of the applied link protection 

mode are enabled such that the means for storing the WRITE DATA stores the decoded WRITE 

DATA in the plurality of memory cells, and 

wherein the host further comprises: 

means for encoding the WRITE DATA if one or both of the write-error-detect 

parameter and the write-error-correct parameter of the applied link protection mode are enabled 

such that the means for providing the WRITE DATA provides the encoded WRITE DATA to the 

memory device over the link, or 

means for decoding the READ DATA received over the link if one or both of the 

read-error-detect parameter and the read-error-correct parameter of the applied link protection 

mode are enabled. 

30. The apparatus of claim 29, 

wherein the memory device further comprises means for detecting whether the WRITE 

DATA received over the link has one or more bit errors if the read-error-detect parameter of the 
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applied link protection mode is enabled such that the means for storing the WRITE DATA stores 

the WRITE DATA in the plurality of memory cells if no bit errors are detected in the received 

WRITE DATA, or 

wherein the host further comprises means for detecting whether the READ DATA received 

over the link has one or more bit errors if the read-error-detect parameter of the applied link 

protection mode is enabled. 

31. The apparatus of claim 29, 

wherein the memory device further comprises means for correcting up to a write threshold 

number of bit errors in the WRITE DATA received over the link if the write-error-correct 

parameter of the applied link protection mode is enabled such that the means for storing the 

WRITE DATA stores the corrected WRITE DATA in the plurality of memory cells, or 

wherein the host further comprises means for correcting up to a read threshold number of 

bit errors in the READ DATA received over the link if the read-error-correct parameter of the 

applied link protection mode is enabled. 

32. The apparatus of claim 27, wherein the apparatus is incorporated into a device 

selected from a group consisting of a music player, a video player, an entertainment unit, a 

navigation device, a communications device, a mobile device, a mobile phone, a smartphone, a 

personal digital assistant, a fixed location terminal, a tablet computer, a computer, a wearable 

device, a laptop computer, a server, and a device in an automotive vehicle. 


